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Changing Effects of Monetary Policy in the U.S. —

Evidence from a Time-Varying Coefficient VAR

Abstract: We edimate a time-varying coefficient VAR modd for the U.S. economy to analyse
(i) if the effect of monetary policy on output has been changing sysemdicdly over time, and
(i) if monetary policy has asymmetric effects over the busness cycle. We find that the effec-
tiveness of monetary policy shocks has been gradudly declining over the sample period
(1962-2002), as some theories of the monetary transmisson mechanism imply. In addition,
our results indicate that the effects of monetary policy are greater in a recesson than in a
boom.

JEL classfication: ES2, E32, C52
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1 Introduction

Has the impact of U.S. monetary policy on output changed systematicaly over time? More-
over, are the effects of monetary policy symmetric or asymmetric over the busness cyce?
These issues have recelved increasing interest in the recent macroeconometric literature. By
aoplying a time-varying coefficient vector autoregressve modd (TVC-VAR) in the present
paper we are able to tackle both these issues within one econometric framework. In compari-
son to other nontlinear empiricd models that have been used to sudy time-varying dfects of
monetary policy (eg., the Markov-Switching modd or the smooth-trangtion VAR modd),
the TVC-VAR conditutes an interesting dterndtive. It is comparaivey flexible and it im-
poses as few as possble redtrictions on the data. The empiricd mode is thereby wel suited
for a - to a cetain extent - “unpregjudiced” look & the data, which lies in the VAR-tradition of
andysng the effects of policy shocks. Our results suggest a decreasing effectiveness of U.S.
monetary policy over time as wel as congderable asymmetries over the busness cycle, with
stronger effects of monetary policy during arecesson.

At least two theories of the monetary transmisson suggest a change of the effectiveness of
monetary policy over time. The ‘cost channd’ presented by eg. Bath and Ramey (2001)
clams that monetary policy effects are tranamitted through the supply sde of the economy by
affecting the working capital of enterprises. They develop three factors that may account for a
weekening of the red effects of monetary policy through this channd: (i) Financid innove
tions and deregulation in the U.S. financid system increased the availability of working capi-
ta. (ii) The change to a floating exchange rate sysem dfter the breskdown of the Bretton
Woods system. This counterbalances the directly incressing costs of working capital &fter a
monetary tightening by a reduction in costs of imported materids. (iii) The Federd Reserve
monetary policy actions in the 1960s and 1970s were often accompanied with credit control
actions leading to a nonprice rationing of working capitd.

In addition to the cost channel, sysematic changes of monetary policy effects over time can
be derived from the ‘credit channd’, which is typicdly divided into the ‘bank lending chan
ne’ and the ‘baance sheet channd’.! Both channels point to changes in the private sector's
financid dructure as the cause of a changing effectiveness of monetary policy. In particular,

as financid innovations and the integration of financid markets make it eeser to rase funds

! See, eg., Hubbard (1995) for an overview over the credit channel. Bernanke and Blinder (1988) present a
model of the bank lending channel, whereas Bernanke et al. (1996) model the balance sheet channel. For em
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on capital markets, the dependence of the private sector on bank credit decreases and the bank
lending channd likely becomes less effective.

The second issue to be addressed in the empirical analysis are potential asymmetries of mone-
tary policy over the busness cycle. On the one hand, business cycle dependent effects of
monetary policy can be motivated from a convex aggregate supply curve. In the flat part of
the supply curve where output is relative low as for example in a recesson, a shift in the de-
mand curve has a larger impact on output and a smaller on prices in contrast to the steeper
pat of the supply curve, where output is reatively high.? On the other hand, asymmetric &-
fects of monetary policy can be explaned by the ‘baance sheet channd’ focussng on the
borrower's net worth.> A dedine in net worth following a contractionary monetary policy im-
plies that borrowers have fewer internd funds and less collaterd to acquire externa funds.
This enhances the problems crested by informationd asymmetries In a boom, when firms
and households have a rddively high net worth, policy actions are less effective than in a
recesson when the net worth is relatively low.

As has been noted above, so far empiricd sudies have focussed on one of the two issues
aone. Bath and Ramey (2001) and Boivin aad Giannoni (2002), for example, estimate VARS
for different sub-samples and find the average effect of monetary policy on output to cecrease
in the U.S. Moreover, concerning potentiad business cycle asymmetries, recent empirica ev-
dence for the U.S. by Weise (1999) and Garcia and Schaler (2002), among others, suggests
stronger effects of monetary policy in arecesson than in a boom.

In the present paper, we take up both issues raised and andyse them in a unifying empirica
framework. We use a standard VAR framework and following Neumann (2001), we dlow for
time-varying coefficients following a random wak. This introduces an empirica framework
referred to as TVC-VAR which is adle to capture a potentidly changing structure of the
economy over time. In paticular, time-varying impulse responses are generated that visudise
the nature of this dructurd change over time. From time-varying impulse response estimates
new indghts can be gained concerning the stability of monetary policy effects over time as
well as potentid asymmetries over the busness cycle. Section 2 introduces the empirica

framework. Section 3 presents our empirica findings and Section 4 concludes.

pirical evidence on the bank lending channel in the U.S. see, e.g., Gertler and Gilchrist (1994), Kashyap and
Stein (2000) and Nilsen (2002).

2 Ball and Mankiw (1994) use a hybrid framework of time and state-contingent price adjustment rules under
the assumption of menu costs to derive a convex supply curve, see also Caballero and Engel (1992).

3 See Hubbard (1995) and Bernanke et al. (1996).
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2 Empirical Methodology — The TVC-VAR Framework

In recent years, a huge amount of empirical models have been developed to account for struc-
turd bresks and potential nonlinearities incduding regime-switching models, threshold auto-
regressve models as well as state-space models with time-varying coefficients* Essentia for
the choice of the gppropriate modelling framework thereby is the type of coefficient variation
that is mog likdy for the phenomenon under investigation. Empirica findings based on smu-
lated data from Neumann (2003) suggest that time-varying coefficient models with random
wak coefficients dominate dternative approaches to time-varying edimation. Moreover, a
model with randomwalk coefficients may be gppropriste even in the presence of time-
invariant coefficients because model estimates turn out to be comparatively stable in this case.

In this paper we follow Jang and Kitagawa (1993) and Neumann (2001) and extend univari-
ae time-varying edimation to VAR andyds Time-varying impulse responses derived from
our mode egstimates alow us to invedigate the rea effects of monetary policy shocks over
time. In the following, a brief sketch of the methodology is presented, see Neumann (2001)

for amore detailed exposition.

TheModel Set-Up Congder the following reduced form of a VAR with p lags and n en

dogenous varigbles:
Y= Ay FAY T ALY UL (1)
In this set-up, for every t of the sample coefficient matrices Aoy, Ay, ... ,Apt ad a variance-
covariance matrix Sy are estimated, where Uy is digtributed as Uy ~ N(O, Sy ). Collecting the
coefficient matrices in matrix Ar = (Ao, Aug, ..., Apy), and defining B, = vec(A) and X = (1
Al Y1 Al ..., Yip A L), themode can bewritten as
Y, =B X, +U, 2
In order to get reasonable estimates of the coefficients from the limited amount of data points
avalable, stochagtic condraints are imposed. More specificdly, the time variation of the coef-
fidents is specified by assuming that the dements of B, follow independent random walks,

B =B +W, 3

% See, e.g., Granger and Terasvirta (1993) for acomprehensive survey.
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with Wi ~ NO, Sw) and Sw being diagond. This redtriction conditutes the Gaussan ‘smooth
nessprior’ distribution on the time history of the VAR coefficients®

In order to enable estimation of the n-dimensond sysem with time-varying coefficients, fol-
lowing Jang and Kitagawa (1993) and Neumann (2001), a Cholesky recursive dtructure is
imposed on the system, dlowing to estimate the VAR equation by equation. Assuming that

the structura form of the VAR follows a recursive structure, equation (1) can be written as
GY, =Cy +C Y +..+C Y, +V, (4)

where the dructurd resduds are didributed as Vi ~ N, Sy), and Sy beng diagond. The
lower triangular matrix G captures the recursive contemporaneous interactions of the endoge-
nous variables. As Sy is a diagond mairix, the equations of model (4) can be estimated eque-
tion by equetion yielding estimates of the sructura coefficient matrices Coyt, Ciy,..., Cpt 88
wdll as G, and the variance-covariance matrix Sy.

The matrices Ai; and Sy as wdl as the resduds U of the reduced form can be recovered s

ing the following equations.
A, =G'C,,
Sy, =G'SV(G"),  i=1,...p
U =GV.

Estimating the Moddl  For estimating (4) equation by equation each equation of the mode

iswritten as
%= %R+, ®)

where v, is the dependent varisble and x andb, are vectors collecting the variables and the

coefficients of a single equation of modd (4). (5) conditutes the measurement equation of the
state-space representation of the model, where the respective trangition equation is given by

b, =b.,+w, (©)

with w, ~N(0,s 2).

5 Alternatively an autoregressive structure like b, = ab.; + W could have been imposed, where 0 < a < 1.
Simulations however show that the random walk model as a general specification captures several potential
time paths of gradual coefficient changes quite well. Note, however, that the specification by construction im-
poses a smooth path for the coefficients. As a consequence, the model behaves badly when the underlying co-
efficient process exhibits discrete single shifts. An appropriate model to capture discrete stochastic shifts may
be the Markov-Switching model, see, e.g., Garciaand Schaller (2002).
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Then, sequentid estimates of the coefficients bs,...,br can be generated by applying the Ka-
man filter routine to every single equation given by (5), see Jang and Kitagawa for an expos-
tion of the Kaman filter for the TVC-VAR application. The modd is estimated as outlined in
detall in Neumann (2001), usng the EM dgorithm to find maximum liklihood edtimates of
the hyperparameters to initidise the Kdman filter. Time-varying impulse responses are de-
rived usng the Generdised Impulse Response approach of Koop et al. (1996). In contrast to
Koop et d. the present analysis assumes that once a shock has occurred there is no feedback
of this shock to the coefficients of the modd, coefficient variation thus is exogenous.

3 Empirical Results

We gpply the TVC-VAR nethodology to a standard three variables VAR modd of the U.S-
economy, consgsing of GDP (deflated with the consumer price index and in logs), consumer
prices (in logs) and the federd funds rate. All series are a the quarterly frequency, running
from 1962:1 to 2002:2.° The federa funds rate is used as a measure of monetary policy for the
whole sample range. This gpproach is widdy used in the empirica literature, for a discusson
see, e.g., Bernanke and Mihov (1998).”

Unit root tests indicate that output and prices are (1), whereas the federa funds rate is 1(0),
see Table 1 for detalls. Therefore, except for the federal funds rate the modd is estimated in
fird differences. With this specification we follow, among others, Rudebusch and Svensson
(1999). No datisticd criterion is avalable yet for the choice of the lag order in the TVC-VAR
case. The results, however, are comparatively robust to aternative choices. Hence, we redtrict
the presentation of estimation results to a lag order of four. Finally, as the edtimaion and
identification of the mode relies on the recursve Choleky dructure, we follow the standard
procedure to order the monetary policy instrument last in the VAR, after GDP and prices.

From TVC-VAR edimates we derive an impulse response function for every point of time
over the whole sample period. Figure 1 plots the complete accumulated impulse response of
rell GDP to a monetary policy shock as it evolves over the estimation period in a three d-
mendona space. This gives a complete picture of the time variaion of the accumulated i+

pulse responses, details are yet somewhat less clear to grasp. Figure 2 presents the results in a

® All data are from the IMF's “International Fnancial Statistics’: Gross Domestic Product, series code
11199b.c. Consumer Price Index, series code 11164. Federal Funds rate, series code 11160b.

" Even though the Federal Reserve changed it's operating procedure in the period of 1979-1982, the funds rate
was still closely connected with the Federal Reserve monetary strategy, on this see, e.g., Cook (1989), Good-
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more accessble way. It contains four graphs (a) to (d) that indicate how the accumulated im
pulse responses at a horizon of 4, 8, 12 and 16 quarters evolve over the sample period, respec-
tively. For reasons of an illudraive comparison every grgph dso plots as a dashed line the
accumulated impulse response a the respective horizon from the linear VAR specification as
wel as 10% eror bands from the latter specification. This is intended to serve as a rough
guiddine to judge the degree to which the time-varying specification departs from the linear
one. Yet, it is important to stress that this does not onditute a formd test for non-linearity, as
the estimates from the linear specification are biased in the presence of structura change®
Figures 2(a) to (d) present the time-varying accumulated impulse responses of red GDP to a
monetary policy shock at the four different horizons. Concerning the first issue to be anaysed
in this paper, namdy the change in the effectiveness of monetary policy over time, the results
tentatively suggest that monetary policy has become less effective over time. Mogt clearly this
‘trend’ is visble in the reaction of GDP to the monetary policy shock after four quarters. The
impact today is dmost haf as srong as it was in the 1970s While a the beginning of the
1970s a one percentage point increase in the federal funds rate led to a decrease in real GDP
after four quarters of roughly 0.5 percent, in the second haf of the 1990s this effect was down
to around 0.2 percent, though increasing again a the end of the sample period. It is dso inter-
eding to note that a the four quarter horizon the impulse response moves out of the linear
error bands a the beginning of the 1980s. As has been noted above, this may tentatively indi-
cate a dructurd bresk a the beginning of the 1980s. A linear specification over the whole
sample period hence may sysemdicdly overestimate the effect of a monetary policy shock
on output.

The finding of a declining effectiveness of monetary policy over time supports the cost chan
ne and the credit channd of monetary transmisson. Both refer to changes in the financid
dructure that trandate into a weskening of monetary policy effects. Our empiricd results are
is consgent with the evidence found in Boivin and Giannoni (2002) and Bath and Ramey
(2001). Boivin and Giannoni estimate a liner VAR with different sub-samples and find that
the response of output to a monetary policy shock has become weaker since the keginning of
the 1980s, smilar results at the industry leve can be found in Barth and Ramey.

The second issue we are interested in is whether there is a business-cycle dependency in the d-

fects of monetary policy. Therefore, we compare our results with the U.S. recesson periods, in

friend (1991) and Bernanke and Mishkin (1992). Among others Sims (1992) and Clarida et. a (2000) have
used the funds rate for comparable sample rangesin a V AR-analysis as monetary policy instrument.
8 Computing error bands for the time-varying impul se responses on the other hand is still an unresolved issue.
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Figure 2 the shaded aress correspond to the NBER recession periods. It is clearly visble from
the figure that discretionary monetary policy tends to have stronger effects during recessons.
This reault is particularly pronounced a the longer impulse response horizons, most strongly
during the recessons 19734 until 1975:1 and in the early 1980s. In addition, we observe that this
asymmetry became much wesker since the mid-80s. One possible explanation is that the Federd
Reserve gained more experience in seering the economy through the business cycle. Taylor
(1999) shows with the help of a monetary policy ule for the interest rate that in comparison to
the 1970s monetary policy in the last 20 years became less accommodative to output and more
active in inflation fighting. In his opinion this results from a learning process within the Federd
Reserve related to the experience of the inflationary periods of the 1970s as well as academic
research on the Phillips trade- off.

The second part of our empiricd findings are again in line with economic theory, namely with
the credit channd and with models of convex sipply curves. Moreover, our study confirms the
results of other empirical studies that andyse asymmetries of the effects of monetary policy. To
mention only two important sudies, Garcia and Schdler (2002) find that monetary policy is
dronger during recessons using the Markov-Switching framework introduced by Hamilton
(1989), while Weise (1999) finds the same result gpplying a nortlinear smoath transtion VAR

framework.

4 Conclusion

In the present paper we address two questions: (i) Have the red effects of US monetary policy
changed over the last 40 years? (ii) Are the red effects of monetary policy asymmetric over
the business cycle? To investigate these two issues, we apply a standard three-variadble VAR
while dlow for time-vaying coeffidents in this modd. From this we derive time-varying
impulse responses to investigate the response of output to monetary policy shocks over time.

Two findings emerge from our empirica andyss Fire, the impact of monetary policy stead-
ily decreased since the 1960s. This finding supports the cost channd and the credit channe of
monetary transmisson. Second, we find that monetary policy effects are asymmetric over the
busness cycle, where monetary policy is more effective during recessons. This is in support
of the credit channd, but dso of modds with convex supply curves. Findly, our findings
suggest that the asymmetry of monetary policy effects over the business cycle has decreased
sgnce the mid 1980s. Note, however, that in the generd Satistical framework of our paper it is
certainly not possible to differentiate between the different structura explanations.
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Figure 1: Complete Accumulated | mpulse Responses, 1968 — 2002
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Figure 2: Accumulated | mpulse Responses of GDP to a Monetary Policy Shock
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Note: Graphs (@) to (d) are profiles along the time axis of Figure 1. Shaded areas are NBER recessions.

They-axis gives the percentage impact on output of a one unit shock.
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Table 1: Unit Root tests

Variable ADF Test® KPSS Test”
Tes tidtic Tes Stidtic
(Specification®) (Specification®)
GDP -3.436* (C) 0.159* (ct)
DGDP -8.585*** (C) 0216 (c)
CPI -1.618 (c, 1) 0.290** (C,t)
DCPI -2.189 () 0.326 (C)
Interest rate -2.654* (C) 0.264 ()

H ,: Existenceof aunit root

H,: Stationarity

*

**

denotes signifcance at 10% - level

denotes signifcanceat 5% - level

*** denotes signifcanceat 1% - level

& Augmented Dickey-Fuller Test with lag selection according to the Schwartz

criterion; b Kwiatkowski-Phllips-Schmidt-Shin Test; © ¢ =constant, t = trend.
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