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Abstract 

This paper proposes a new identification criterion to analyse the real effects 

of monetary policy within a structural VAR approach. The monetary policy 

shock is the one having (i) zero impact effect on real GDP and prices; (ii) a 

large impact effect of opposite sign on non-borrowed reserves and federa! funds 

rate - the liquidi ty effect. This definì ti o n provides (a) a se t of parti al identijying 

conditions and (b) a set of qnasi-identifying conditions applied to US monthly 

data relative to the period 1965:1-1994::3. Results show that a contra.ctionary 

monetary policy shock produces a. large negative effect on the rea! GDP which 

reduces but does not vanish in the long-run. We find strong evidence against 

money-neutra.lity in the short-term and a suspicion of non-neutrality even in 

the long-rm1. 

*I would like to thank Mario Forni for his supervision, Andrea Ginzburg, Graziella Bertocchi, 

Barbara Pistoresi e Antonio Ribba for useful comments and conversations on issues discussed in the 

paper. 
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l Introduction 

The purpose of this paper is to establish what effects monetary policy produces 

on real variables, in particular on real GDP. The neutrality of money and the 

effectiveness of monetary policy have been one of the most discussed topics 

in economie theory for half a century. We can distinguish three theoretical 

positions in the money neutrality debate. Neutralists, (see e.g. Sargent and 

Wallace, 1977), by assuming a theoretical model where agents have rational 

expectations, assert that monetary policy cannot be a useful instrument for 

infiuencing economie activity; this because systematic monetary policy actions 

are always anticipateci by the agents and the only effect they produce is a 

variation of the price level, leaving the real GDP unchanged. Only when mon­

etary authorities succeed in surprising agents' expectations- that is only when 

changes in monetary conditions are unanticipated - may monetary policy af­

fect real GDP in the short-run (Luca<>, 1972). Monetarists and New-Keynesians, 

although with different recommendations of political economy, assert that mon­

etary policy produces real short-term effects; the former refer to the adaptive 

expectation hypothesis (Phelps, 1967 and Freedman, 1968) the latter to the 

presence of some rigidities in the labour (e.g. Fisher, 1977 and Taylor, 1980, 

see Taylor, 1998 fora survey) or goods (Blanchard, 1984) market that cause the 

price level to move with some period of lag. These effects are always short term 

effects because in the long run the price level will adjust to the new quantity 

of money and the real GDP will return to its steady level. Abandoning the 

verticallong-run supply curve hypothesis, the third theoretical position asserts 

that monetary policy may produce both short and long-run real effects. Those 

who support this thesis refer to the presence of imperfections in the labour 

market that permanently affect economie activity (Blanchard and Summers, 

1986), or to the mechanisms that determine international demand (Ginzburg 

and Simonazzi, 1997), or to the complexity of the financial structure through 

which monetary policy impulses are transmitted to the economy (Freedman 

and Kuttner, 1992). 

Starting from the contribution by Sims (1980), VAR analysis has been widely 

used in empirica! macroeconomics. VAR models enable the dynamic effects of 
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exogenous shocks of various nature to be determined over a definite time hori­

zon. The basic idea of VAR models is the propagation impulse mechanisms of 

Slut sky (1937) and Frisch (19~13) ancl the corresponding Wolcl theorem. The 

economie cycle is seen as the sum of white noise shocks of different nature 

that, through complex propagation mechanisms, cause booms ancl recessions. 

By means of VAR analysis it is possible to separate the effects of the single 

shocks ancl study their relative weight over the cycle. In the last decade there 

have been numerous contributions concerning the real effects of monetary pol­

icy shock by means of structural VAR analysis; the research has been clirectecl 

towarcl both more refined econometrie techniques ancl new iclentification meth­

ocls. See Bernanke (1986), Blancharcl and Watson (1986), Blanchard and Quah 

(1989), Bernanke and Blinder (1992), Christiano and Eichenbaum (1992), Gali 

(1992), Gordon and Leeper (1994), Strongin (1995), Leeper, Sims and Zha 

(1996), Christiano, Eichenbaum and Evans (1996), Sims and Zha (1998). 

This paper, resuming the recent contributions of Bernanke and Mihov (l998a, 

l 998b) an d Uhlig (l 998), proposes a ne w cri terion for id e n tifying the effects 

of a contractionary monetary policy shock. Such a criterion involves a partial 

identification - only the effects of the monetary policy shock are identified -

thus reducing the a priori information to be imposed. The identificatìon is 

based on hypotheses concerning the shock impact effect on real GDP, prices, 

non-borrowed reserves and federai funcls rate. No restrictions are imposed on 

the long run behaviour. The monetary policy shock is the one having (i) a zero 

impact effect on real GDP and prices and (ii) a large effect of opposite sign on 

non-borrowed reserves and federai funds rate, according to the theory of the 

liquidity effect. While the first hypothesis involves standard restrictions of zero 

impact coefficient for the impulses of real GDP ancl prices, the second involves 

non-standard restrictions that are obtained by jointly maximising the impact 

effects on non-borrowed reserves and federai funcls rate. Once the shock is 

identified, we develop a procedure of quasi-identification that allows us to relax 

the iclentification hypothesis, in particular the one relative to the maximisation. 

This procedure enable us to recover the sign and the shape of the impulse of the 

GDP, confirming the identificatim1 results and strengthening the identificatim1 

criterion. 
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The results are as follows. The responses of non-borrowed reserves and federal 

funds rate exhibit a large and significant impact effect of opposite sign which 

reduces after the first year losing significance. The response of total reserves 

presents a negative effect smaller than that of non-borrowed reserves. This 

result suggests the existence of a substitution effect between non-borrowed and 

borrowed reserves in accordance with a short-terrn demand curve inelastic to 

the interest rate (see Strongin, 1995). GDP deflator moves sluggishly, showing a 

high degree of price stickiness. The commodi ty price in d ex m o ves more rapidly 

than the deflator and the effect persists in the long rmL The most interesting 

result is the one regarding real GDP. For the first semester after the shock, 

the response of real GDP is dose to zero: the GDP reacts sluggishly. After 

the first semester the effect becomes significant and negative. From the second 

year after the shock the effect reduces but does not vanish in the long-run. 

We find evidence against money neutrality in the short run and a suspicion of 

non-neutrality in the long rm1. 

This paper is organized as follows. Section 2 presents fundamentals of VAR 

econometrics. Section 3 discusses the theoretical identification hypothesis. Sec­

tion 4 describes the identification method. Section 5 illustrates the results. 

Section 6 describes the quasi-identification method. 

We use US monthly data relative to the period 1965:1-1994:3. The data set in­

cludes rea] GDP (GDP), the GDP deflator (GDPD), a commodity price index 

(CP), total reserves (TR), non-borrowed reserves (NBR) and the federai funds 

rate (FFR). 

All the data elaboration programs were constructed by the author in MATLAB. 

2 Structural VAR Econometrics 

Representations 

The building block of VAR econometrics is the Wold Representation Theorem 

that states that any stationary stochastic process can be decomposed in two 
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orthogonal components in the following manner: 

00 

Xt = L C'tjEt-j + dt 
j=O 

(l) 

where 'L~o C'tjEt-j represents the stochastic component, with 'L~o a] < oo, 

{Et-j}~0 is a zero mean white noise process, that is (a) EEtE~ = L 6 , EEtE~-k = 
O for k f O, and dt represents the purely deterministic component, the one per­

fectly predictable by using past information. As usual in VAR literature, in 

the remainder of this paper we will consider only regular process, that is those 

processes for which d1 =O. Rewriting (l) in lag operator terms and assuming 

kt =O we have 

Xt = A(L)Et (2) 

where A(L) =I +A1L+A2L2+ ... is a polynomial matrix of dimension (n x n) 

and Et is a vector of dimension (n x 1 ). Equation (2) is the Wold representation 

of the process Xt and the following conditions hold: (b) all the roots of the 

determinant of A(L) are outside the unit circle in the complex field, (c) A(O) == 
I. Conditions (a), (b) and (c) guarantee the uniqueness of the representation. 

From the Wold representation is possible to derive the class of fundamental 1 

representations of the process Xt. Given any non singular matrix of constants 

R is possible to rewrite (2) as follows 

(3) 

where B(L) = A(L)R and 1lt = R- 1Et. Since R can be any non-singular matrix 

of constants, i t follows that the class of fundamental representations defined by 

(3) has infinite representations that differ from each other for a particular R. 

From the class of fundamental representations we may define a subcla<;s, that 

of orthonormal representations. Let S be the Choleski factor of I;c such that 

SS' = L.;E. Postmultiplying A(L) for sand premultiplying Et for s-l in (2) we 

obtain 

Xt = D(L)rJt (4) 

lThe representations for which condition (b) holds; for non-fundarnental representations see Lippi 

and Reichlin (1 99:3). 
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where D(L) = A(L)S and r]t = s- 1Et. Equation (4) is the Choleski represen­

tation of Xt and has the following properties: D(O) = S, D(L) = S + D1L + 
D2L + ... , 2:::77 = E77tr7~ = s-1 I:" s'-1 = I. As for the class of fundamental 

representations, even in this case it is possible to generalize to the whole class 

of orthonormal representation. For any matrix H such that H H' = I, by post­

multiplying D(L) for H and premultiplying r7t for H' we obtain the following 

representation: 

Xt = D(L)HH'rJt = C(L)et (5) 

where C(L) = D(L)H and et= H'r]t; representation (5) has the same proper­

ties of representation (5) and differs frorn ( 4) for H. The class of orthonormal 

representations, as subclass of that of fundamental, contains infinite represen­

tations which differ from each others for a particular H matrix. 

Given a matrix H, equation (2) ancl (5) set up our model: the first is the 

reduced form and the second the structural form of the VAR. The following 

relations hold: C(L) = A(L)SH and et= H'S- 1Et. 

P artial I dentification 

In VAR literature, the classica! procedure for identifying consists in making 

the number of parameters of the structural form equal to the number of pa­

rameters estimateci in the reduced form by setting some parameters of C(L) 

equal to zero2
• Such restrictions can be short-term restrictions, imposed on 

C(O), or long-run restrictions, imposed on C(l), and result from specific as­

sumptions on the effect of the shocks over the variables included in the model. 

The orthonormali ty condi ti o n provi d es us wi t h (n 2 + n)/ 2 restrictions; sin ce 

the number of free parameters is n 2 , we need (n2 - n)/2 further restrictions. 

Such restrictions can be obtained by two different methods. The first method 

implies a recursive model, that is C(O) (Sims, 1980) or C(l) (Blanchard and 

Quah, 1989) must be triangula.r. For the case C(O) triangular, C(O) = 8 and 

H= I; for the case C( l) triangula.r, we must choose H such that A(1 )SH be 

triangular. The second method imply a number of coefficients equal to zero 

2The classical procedure is not the only usable one; Uhlig (1998) proposes a procedure based on 

the minimisation of a penalty function that gives increasing weight to the coefficients of the impulses 

that do not respect sign restrictions. 
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on the basis of theoretical considerations about the effects of the shocks on the 

variables included in the VAR (Blanchard and Watson, 1986 and Bernanke, 

1986). 

Let us suppose we are not interested in completely identifying - in determining 

the effects of ali the n shocks - but are interested in a determinate subclass of 

shocks of dimension k wi t h k = l, ... , n - l. In this case, we need only the first 

k columns of the matrix C(L). In order to identify the first k columns of C(L) 

it is sufficient to choose the first k columns of H. Partitioning H, D(L) and 7Jt 

as follows, D(L) = (DI(L)IIh(L)), H= (H1!Hz) and 7Jt = (rJit!rl'2t) our model 

will be the follows: 

where 7]It is the vector of k shocks to be identified and 7Jzt the vector of the 

other (n- k) shocks; H1 is the matrix we must choose for identifying; D1(L) 

an d D2 (L) are two polynomial matrices in L an d C1 (L) is the matrix of the 

impulses relative to the k shocks that we have identified. The partial identifi­

cation allows us to choose only part of H thus reducing the number of a pr'ior'i 

restrictions. The orthogonality condition provides us (k -1)/2 restrictions and 

the orthonormality condition k restrictions; the number of free parameters is 

nk, so we need k(2n- k- 1)/2 further restrictions. As with the exact identi­

fication, such restrictions can be short-term or long-term restrictions imposed 

on the first k columns of C\(0) or C'1(1). 

3 The hypothesis 

In VAR literature the monetary policy shock can be identified by two different 

kind of assumptions. Some authors (e.g. Christiano and Eichenbaum, 1992, 

Bernanke and Blinder, 1992, Strongin, 1995, Bernanke and Mihov, 1996) as­

sume that monetary policy affects real activity with a period of lag, in other 

words, they assume that real variables are predetermined relative to the reac­

tion function of monetary au thori ti es ·3 . Su eh an a..ssumption cleri ves from the 

3 By using a recursive model, real variables are m·dered first and non-policy variables second. 
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consideration that actual production depends on past decisions, so that vari­

ations in monetary conditions are unable to produce variations in real GDP. 

Other authors (e.g. Gordon and Leeper, 1994, Sims and Zha, 1995, Leeper, 

Sims and Zha, 1996) assume that monetary authorities observe GDP realiza­

tions with a period of lag - that is real variables are not predetermined - and 

that monetary policy affects real activity contemporaneously; this second the­

oretical position refers to the presence of impediments in monitoring the real 

economy and in the ftows of information. 

The identification proposed in this work is based on two different groups of the­

oretical hypothesis. On the eme hand we refer to macroeconomic assumptions, 

on the other haJ1d we refer to the working mechanism of the market for bank 

reserves. 

Macroeconomic Hypothesis 

In this work we adopt a theoretical framework where monetary policy produces 

rea] effects with at least one period of lag and monetary policy has no simulta­

neous effects on rea] GDP (resuming the first theoretical position we referred 

to). We assume that (i) prices move sluggishly, imposing one period of lag. 

Such an assumption is derived from sticky price models (see e.g. Fisher, 1977, 

Blanchard, 1984 and Taylor, 1998, fora survey) and it appears reasonable be­

cause even a low degree of rigidity (as in our case) makes the simultaneous 

adjustment of price leve! to the new quantity of money impossible. Moreover, 

we assume that monetary policy produces no simultaneous effects on commod­

ity prices because exchange rate variations induced by monetary policy actions 

via capitai flows produce effects in commodity prices over longer horizons. We 

assume (ii) that real GDP reacts to monetary policy chaJ1ge with a period of 

lag; that assumption too appears reasonable because actual production depends 

on past decision so that interest rate variations have rea! effects after more than 

one month. 

Reserves M arket 

The second group of hypothesis is based on the operating mechanisms of the 

market for bank reserves. We assume that a contractionary monetary policy 

shock has (iii) a negative impact effect on non-borrowed reserves, (iv) a positive 
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ìmpact effect cm federai funds rate, and that (v) these effects are joìntly large. 

By consìderìng both the effects we exclude endogenous effects produced by re­

serve demand4 . Wìth an ìnterest rate targetìng operating procedure, varìatìons 

in the supply of reserves may be due to an accommodating behaviour of the 

centrai bank in consequence of demand variation in order to keep the inter­

est rate constant. On the other hand, with a non-borrowed reserves targeting 

operating procedure, changes in the interest rate may be due to variations in 

reserve demand in order to keep the supply constant. Hypothesis (iii) and (iv) 

derive from the theory of the liquidity effect: for a given demand, a change in 

non-borrowed reserves produces a change of opposite sign in the interest rate in 

the short term (see e.g. Cagan and Gandolfi, 1968, Leeper and Gordon, 1992, 

Strongin, 1995, Bernanke and Mihov,l998b). Hypothesis (v) derives from the 

consideration that since non-borrowed reserves and federai funds rate are under 

the contro! of monetary authorities, and moneta.ry changes are highly explica­

tive of their variances, an exogenous monetary policy shock will have a large 

impact effect on these variables. 

4 The Identification Criterion 

Let us consider equation (6). Be X 1 the vector of variables GDP, GDPD, 

CP, NBR, FFR, TR and be e1 the monetary policy shock. Our purpose is 

to determine C1(L); since k = l, C\(L) is the first column of C(L) and H1 

is the first column of H. Our criterion focuses cm the choice of H1 because 

D(L) is obtained by postmultiplying A(L) for 8 and is given. In order to 

determine the effects of the contractionary monetary policy shock, e1, let us 

proceed as follows. From the hypothesis of orthonormality of the matrix H, 

the following conditions must hold, I:f= 1 h[1 = l where hi1 are the elements 

H1 with 'Ì = l, ... , n. From hypothesis (i) and (ii), c1 = O, c2 = O and c,3 = O, 

w h ere c1, c2 and c3 are respectively the first, second an d third elements of 

4 As suggested by several authors, see e,g. Gm·don and Leeper, 1994, Strongin, 1995 and Bernanke 

and Mihov, 1998a 
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c5. Hypothesis (iii) involves c4 < O and hypothesis (iv) involves C5 > O. From 

hypothesis (v), c4 an d c 5 must be jointly large. In order that c4 an d c5 be jointly 

large, we need, first, an idea of their size and, second, a technical procedure to 

keep them jointly large. Since EEtE~-k = O for k fc O, the variances of the series 

NBR and FFR are 

6 00 6 00 

2 "" "" 2 "" "" 2 var(X4) = O'NBR = ~ ~ va.r(ej)c4jk = ~ ~ c4jk (7) 
j=lk=O j=lk=O 

an d 
6 00 6 00 

va.r(X.s) = O'~FR =L L var(ej)c§jk =L L c§jk (8) 
j=lk=O j=lk=O 

with j l, ... , 6 the number of shocks, k the periods after the shock a.nd 

va.r( ej) = l. In order to ha ve an idea of the size of the impact effect of the 
2 2 

shock o n F F R a.nd N BR le t us maximize separately e1 = ~ an d e2 = +. 
UNBR UFFR 

These two quantities, e1 = ma.x(ei) and e2 = max(e2) signify the la.rgest con-

tribution of the monetary policy shock in the first month to the variances of 

the two series (NBR and FFR). In order to keep the impa.ct effects jointly 

large, we compute the ratio r = ~ei/e2 and maximize e2 under the constraint 

ede2 =r. In such a wa.y we obtain e 1 and e 2 . From e1 and e2 it is possi­

ble to derive the impact coefficients é4 = v (]'~BR el an d è,') = v (J'~FR e2. This 

passage completes the characterization of the vector H1 a.nd the identifica.tion 

(see Appendix B). 

5 Results 

The results are shown in Figure l; the impulse response functions are plotted 

with 90% confidence bands6
• 

5The variables are ordered as follows: GDP, GDPD, CP, NBR, FFR, TR. 
6 The confidence bands are constructed with the bootstrapping method; let {{t}[=1 be the vector 

of residuals of the VAR with T the number of observations. By extracting with introduction T times 

from {tt}f=1 we construct 1000 new residual matrices {st(j)}f=1 with j = l, ... , 1000. For each j 

matrix, given initial conditions, we construct a new set of series. For each set we estimate the VAR, 

and collect the impulse functions. For each variable at any lag we extract the 50th lower value and 

the 9.'50th higher value. In so doing, for each original impulse function we obtain two 90% confidence 
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bands. 

The response to the shock of non-borrowed reserves shows a negative and sig­

nificant impact effect and reaches its minimum during the second month. Be­

ginning from the third month the effect reduces and after three years converges 

a t a negative bu t no t significant value. The behaviour of non-borrowed reserves 

is consistent with the theory: after the initial contraction the effect of the shock 

begins to reduce, losing significance. This phenomenon has two explanations: 

from an econometrie point of view it depends on the presence of feedback ef­

fects due to the reaction of the other variable included in the VAR; from a 

theoretical point of view it depends on the decrease of the degree of monetary 

policy tigh tness (in li ne wi t h a co un tercyclical policy vie w). 

The response of the federa] funds rate is similar to that one of non-borrowed 

reserves. After a strong positive initial effect - the liquidity effect - the effect 

reduces losing significance. The behaviour of the interest rate too is consis­

tent wi th the theory: while in the very short term the liquidity effect holds, 

over longer horizons other phenomena begin to play a determinant role, such 

as price expectations adjustment, which has an effect of opposite sign on the 

interest rate. The effect of the shock, as in the case of non-borrowed reserves, 

is transitory and vanishes in the long rm1. This is an interesting point because 

our result is in contrast with the Fisherian theory concerning the long-run be­

haviour of the interest rate: that theory asserts that, in the long run, prices and 

interest rate move in the same direction. This means that we should expect 

the interest rate become negative before converging; but this is not the case. 

The response of total reserves follows that of non-borrowed reserves but the 

impact effect is smaller. This may sound strange, but in fact it is not. Let us 

look at a possible explanation: total reserves are the sum of non-borrowed and 

borrowed reserves. lf the reserves demand is perfectly inelastic, a reduction 

in non-borrowed reserves will be offset by an increase in borrowing by com­

merciai banks leaving total reserves unchanged (Strongin, 1995). With a very 

(but not perfectly) inelastic demand, total reserves will reduce, but less than 

non-borrowed reserves, as in our case. 

GDP defiator reacts with lag to the monetary policy shock. Until the fourth 
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month it remains very close to zero, suggesting a degree of stickiness higher 

than the one imposed a priori. However for a very long period, four years, 

the effect is not significant. How to interpret the non-significance of the GDP 

defiator? On the one hand we could point to the bad properties of the series 

or toward other technicalities. On the other hand, wishing to find an economie 

explanation, since the defiator is a net-import index, we could consider the 

infiation process as a cost-determined process rather than demand-determined. 

If so, in excluding the cost of imports we would exclude one of factors which 

best account for the price variation. 

The response of the commodity price index is different from that of the defiator; 

starting from the second month, it shows a negative effect which increases for 

two years a.nd thereafter converges at a significant value: the monetary policy 

shock produces a permanent negative effect. The reduction of the commodity 

price operates presumably via dollar appreciation; a contractionary monetary 

shock, by increasing interest rate, causes external capitai infiow, making the 

dollar appreciate. Such appreciation sets off a disinfiation process which re­

duces the price of commodities. 

The most interesting result is that regarding the response of real GDP. For the 

first months the response is very small and not significant. After six months the 

shock begins to produce effects: during the second semester the response shows 

strong negative effects and reaches its minimum value at the end of the first 

year. During the second year the response oscillates around his minimum value 

and then, after the second year, begins to reduce. In the long run however, 

the effect does not vanish but converges at a negative and significant value. 

A contractionary monetary policy shock produces a permanent and significant 

reduction of the real GDP. This reduction is very strong in the short term but 

although diminishing persists in the long rm1. Such a result provides us with 

new evidence a.gainst money neutrality in the short a.nd a. strong suspicion of 

non-neutrality in the long run. 

In conclusion, the results present three interesting elements. l) A contra.c­

tiona.ry moneta.ry policy shock produces a perma.nent effect on real GDP. 2) 

The behaviour of non-borrowed reserves a.nd federai funds rate a.fter the shock 

is consistent with the theory: a. strong short period effect which va.nishes in the 
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long rml. 3) The response of prices may induce one to consider the infiation 

process as cost-determined rather than demand-determined. 

6 A Quasi-Identification Criterion 

In Section 4 we identified the VAR by jointly max:imizing the impact effects 

of non-borrowed reserves and federai funds rate. I t could be objected that our 

methodology has an arbitrary aspect: though the effects are large, they may 

not be the largest. If that were the case (but one should refiect on what kind 

of shock could generate larger impact effects while leaving income unchanged) 

our criterion would not be correct. 

In this Section we propose a method that, by relaxing the identification hy­

pothesis, confirms the results concerning the GDP response to the shock -

which strengthens the identification procedure. We call this method Quasi­

ldentification Criterion since it does not identify but may (such in this case) 

enable them to recover the sign and the shape of the impulse functions. This 

kind of analysis reduces the number of the a priori restrictions; exact identifica­

tion requires n(n -l )/n restrictions, parti ai identification k(2n- k -l )/2, quasi 

identification one at least. Quasi identification criterion involves the study of 

ali impact vectors for which restrictions are respected. Although there are sev­

eral vectors generating impulse functions in conformity with the restrictions, 

let us suppose that all the impulses have the same shape or, more simply, that 

they all present the same property. In this case we can say nothing about the 

exact size of the effect bu t we may recover both the sign an d the shape of the 

effect. On the other hand if the impulses had very different shapes, we could 

say nothing not only about the size but aiso about the sign and the shape of 

the effect. 

The hypotheses of quasi-identification are the following; a contractionary mon­

etary policy shock has (i) zero impact effect on real GDP, (ii) a zero impact 

effect on prices, (iii) a positive impact effect o n federai funds rate, (iv) a nega­

tive impact effect on non-borrowed reserves and (v) an impact effect on federai 

funds rate and non-borrowed reserves such that the contribution of the shock 



to the variance of the two series in the first month is at least equal to one third 

of the largest contribution possible, el, 82, calculated under the constraint 

r = eiJ(h Hypothesis (v) entails that any impact vector generating an impact 

effect on non-borrowed reserves and federai funds rate such that el :::; 0.5(81) 

and e2:::; 0.5(82) conforms to the definition of monetary policy impact vector. 

This threshold appears reasonable and not particularly demanding, since the 

federai funds rate and non-borrowed reserves are under the Fed's control, and 

the variances of the two variables are largely explained by monetary policy ac­

tions. 

From the orthonormality hypothesis the following condition holds 2::~'= 1 h[ == l. 

From hypotheses (i) and (ii) c1 = O, c2 = O, and c3 = O; in order to have zero 

impact efiect on real GDP and prices, S being a lower triangular matrix, we 

put the first three elements of H1 at zero (see Appendix B). On the basis of 

these considerations we parameterize vector H1 as follows 

o 
o 
o 

8 E ~2 . H1= 
cos( 81 )cos( 82) 

(9) 

cos( 8I)sin( 82) 

sin(81) 

Varying 8 = (8182) in the interval [O, 21r] by a discrete grid, g = 27r /20, 202 

vectors 8 will result, any of which generates six impulse functions. For some 

of those the restrictions will be respected, for some others it will not. Let us 

consider the first vector 81 an d le t C1 (L) be the impulse response functions 

relative to that vector. Le t xi = l if el,81 :::; 0.5( BI) and .T~ = l if e2,iSl 2:: 

0.5(82)· We consider the following function 

f(x)={
1
' 

o, 
if I:?= l xl = 2 

otherwise 
(lO) 

For any vector 8 f(x) will be l or O. Such a function identifies all vectors 8 

for which those restrictions are respected7 . All points for which f(x) = l -

7The quasi identification procedure requires a minimum of one restriction up to a maxirnum 

of (n- 2). Such restrictions can be of different type: zero restrictions, sign restrictions or value 
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I. e. the restrictions are respected - fonn a subspace in Dr2
. The aim of this 

procedure is to explore this subspace and study the behaviour of the impulse 

response functions in order to recover the sign and the shape of the effect. 

Results of quasi-identification are shown in Figure 2. The impulses of the real 

GDP presenta shape that is almost identica} both in the short and in the long 

run for any vector o for which f(x) =l - c1(l) varies between -0.1 and -0.2. 

The responses of federai funds rate and non-borrowed reserves are also similar. 

We conclude that the quasi identification analysis strengthens the identification 

criterion shown in Section 4 confirming the results on the reaction of GDP to 

the monetary policy shock. By relaxing the identification hypothesis concerning 

the size of the impact effect on non-borrowed reserves and federai funds rate, 

we obtain results in line with those obtained in Section 5; in so doing, the 

suspicion that maximisation could substantially affect results is dispelled. 

7 Conclusions 

In this paper we find evidence a,gainst money neutrality: the main conclusion 

is that monetary policy is non-neutral in the short term and, in contrast with 

the mainstream theories, may be so even in the long run. This conclusion is 

achieved by means of a new partial identification criterion based on restrictions 

on the sign and the size of the impact effect on GDP, prices federai funds 

rate and non-borrowed reserves. In addition, we propose a quasi-identification 

criterion that, by relaxing the identification hypothesis, enable the sign and 

the shape of the GDP impulse to be recovered confirming the conclusion of 

non-neutrality. 

restrictions (in our case we have all three types). Zero impact effect restrictions are particularly 

useful because from the relations SFh = C\(0) and using a partial recursive scheme where the 

variables with zero impact effect are ordered first - S being lower triangular- the first k elements of 

H1 must be zero, thus reducing the dimension of the space o. 
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Appendix A 

The data set contains US monthly data for the following variables: real GDP 

(GDP), GDP deflator (GDPD), commodity price index (CP), total reserves 

(TR), non-borrowed reserves (NBR) and federal funds rate (FFR). All variables 

are taken in logarithms, except for the federai funds rate, and in first differences, 

except for the GDP deflator that is taken in second difference (being 1(2) ). 

Non-stationarity has been tested with the Dickey-Fuller test. We estimateci 

the VAR with 12 lags with OLS estimator equation by equation. In order to 

have the impulse response functions we transformed the VAR model into an 

AR(l) process, then inverted the AR(l) in a MA(oo) process. MA(oo) being 

a fini te vari ance process, we truncated i t a t t = l 00. 
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Appendix B 

Here we show technical aspects of the identi:fication criterion and how to choose 

the matrix H1 . The :first step consists in transforming the model expressed by 

equation (2) into the orthonormal model expressed by equation ( 4) by post­

multiplying A( L) by the Choleski factor S of the variance-covariance matrix 

LE· The second step consists in choosing the matrix H1 in order to detennine 

C1 (L) by postmultiplying D( L) for H 1. H1 is obtained as follows. Hypotheses 

(i) and (ii) entail snh1 = O, sz1h1 + Szzhz = O and s:nh1 + s32h2 + 833h3 = O, 

8 being lower triangular. Such a conditions imply three further restrictions 

on the :first three coefficients of H1: h 1 = O, hz = O and h3 = O. Hypotheses 

(iii) and (iv) involve S44h4 < O and s.s4h4 + ssshs > O. From hypothesis (v) 

844h4 and 8s4h4 + 8,5shs must be jointly large. We then calculate the ratio, 

r = 81/82 = ;;~h*4 1 *, where 844h4 and ss4h4 + 8ssh5 are the unconstrained 
854 4 S55 ~5 ' 

maximum values for the impact effect of non-borrowed reserves and federai 

funds rate. Easy ari thmetic passages lead to 

H being an orthonormal matrix the following condition must hold 

From equation (18) we have 

h~+ h~ (844- rss4)
2

:::; 1 
rsss 

(11) 

(12) 

( 1:3) 

Since 844 is constant, the impact effect on non-borrowed reserves will be max­

imum when h4 is maximum, hence when ha is maximum, and we will have 

(14) 

In particular h4 will be negative if 844 > O and positive otherwise. From equa­

tìons (19) and (20) we have h6 =O; this last passage completes the identi:fication 
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and H 1 will result 

H1= 

rsss 

o 
o 
o 

l+ ( s44-rs54) 2 
1 sss 

(s44-rs64) 

l+(s44-rs54)
2 

rsss 

o 

21 

(15) 



Tables 

Table 1: Percentage of the variance of NBR and FFR explained by the 

monetary policy shock after one month. 

e1 82 e1 82 0.581 0.582 

0.79 0.41 0.42 0.29 0.21 0.14 

Table 2: Matrix S 

GDP 0.0071 o o o o o 
GDPD 0.0001 0.0018 o o o o 
CP 0.0017 -0.0000 0.0172 o o o 
NBR -0.0010 -0.0006 -0.0027 0.0134 o o 
FFR 0.1042 0.0029 0.0662 -0.1321 0.4495 o 
TR 0.0001 -0.0004 -0.0002 0.0051 0.0033 0.0069 

Table 3: Vectors H1 and C'!(O) 

H1 C\(0) 

o o 
o o 
o o 
0.7807 0.6515 

-0.6249 -0.5408 

o 0.1747 
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Figure l: impulse response functions of GDP, GDPD, CP, NBR, FFR 

and TR with 90% bootstrapping confidence band. 
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Figure 2: quasi-identification; variables are GDP, GDPD, CP, TR, 

NBR and FFR. 
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