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This article decomposes U.S. GDP into components asso-
ciated with major macroeconomic disturbances in order to
identify the likely causes of the 1990 recession. Four types
of disturbances—aggregate supply, aggregate spending,
money demand and money supply—are identified in the
empirical analysis. The results suggest the general slowing
of the economy relative to trend prior to the actual down-
turn was due to restrictive monetary policy. Aggregate
spending factors turned contractionary in mid-1990, how-
ever, and accounted for most of the subsequent decline in
GDP during the rest of 1990,

July 1990 marked the end of the longest peacetime expan-
sion in the history of the U.S. economy. Real GDP grew at
an average annual rate of 3.3 percent from the fourth
quarter of 1982, the end of the previous recession, until the
third quarter of 1990. Unlike the two recessions the U.S.
suffered in the early 1980s, which were associated with
policies designed to bring inflation down from double digit
levels, the causes of the 1990-1991 recession have been less
apparent. Pessimistic consumers, the debt accumulations
of the 1980s, the jump in oil prices after Iraq invaded
Kuwait, a credit crunch induced by overzealous banking
regulators, and attempts by the Federal Reserve to lower
the rate of inflation all have been cited as causes of the
FECESSion.

When economists discuss the sources of economic fluc-
tuations within the context of their theoretical models of
the macroeconomy, they normally do so in terms of a small
number of fundamental disturbances. The structure of the
economy then leads these disturbances to be propagated
throughout the economy and over time in ways that gener-
ate the behavior typically associated with a business cycle.
The assumed nature of both the initiating shocks and the
propagation mechanism varies among different schools
of macroeconomic thought. For real business cycle propo-
nents, disturbances to the economy’s productive capacity,
usually referred to as technology shocks or, more generally,
as aggregate supply shocks, are the initiating factor, while
the attempts by households and firms to respond optimally
to these supply shocks result in the propagation over time
of the initial shock’s impact on output, consumption, and
investment, !

Other economists emphasize a wider range of possible
intiating shocks, including factors originating in the de-
mand side of the economy (consumption, investment, gov-
ernment spending and taxation, net exports) and financial
tactors such as monetary policy shocks or shifts in the de-
mand for financial assets. These disturbances affect the
economy over time in ways that depend importantly on
the adjustment of expectations, wages, and prices.

If these views of the economy are useful in understand-
ing the behavior of the macroeconomy, then it should be

1. For a survey of the real business cycle approach, see McCallum
(1989).
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possible to identify the actual disturbances responsible for
observed fluctuations in terms of the small number of
shocks typically cited by economists in their discussions
of economic activity. That is, one can ask how important
aggregate supply, aggregate demand, and financial market
disturbances were in causing a recession. In turn, such an
identification may be useful both in deciding whether those
factors emphasized by a particular theory have in fact been
important, and, since the appropriate policy response may
differ depending on the source of fluctuations, in judging
how well policy has been implemented.

This paper decomposes output into components due to
various macroeconomic disturbances in order to identify
the factors that are most likely to have caused the 1990
downturn. To do so, the paper focuses on the evidence
obtained by estimating a structural vector autoregression.
This approach is similar to that adopted by Blanchard and
Watson (1986) and Gali (1992) and represents a starting
point for understanding the causes of the recession. By
identifying the general nature of the disturbance, or dis-
turbances, responsible for the downturn, the paper repre-
sents a starting point, leaving for future research a more
detailed analysis of the determinants of these disturbances.

The empirical analysis suggests that the economy was
growing relative to its underlying trend through the middle
of the 1980s. Inflation also was rising during this period.
As measured by the Consumer Price Index, the rate of
inflation rose from 1.2 percent in 1986 to 4.4 percent in
1987 and remained at that level through 1989.2 In response
to signs that inflation was beginning to revive, monetary
policy began to shift toward a more contractionary stance
in 1986. The Federal Reserve was motivated during this
period by a desire to move the economy towards zero infla-
tion, as many economists have argued that zero inflation
will contribute to higher average real economic growth.3
Restrictive monetary policy is estimated to have had a
significant role in slowing real economic growth relative to
trend in the period from 1986 to 1989. Beginning in 1989,
however, aggregate spending factors turned sharply down-
ward. It is these factors that pushed the slowly growing
econemy into recession,

Since the end of the recession in March 1991, the
recovery has been very slow, and many factors have been
identified as responsible for the weakness of the current
expansion. Such factors are not the focus of this paper, nor
are the factors that were at work once the recession started.
Instead, [ focus exclusively on the developments leading to
the downturn in the middle of 1990.

2. Inflation averaged 4.4 percentin 1988 and 4.6 percent in 1989 It then
rose to 6.1 percent in 1990 before dropping to 3.1 in 1991

3. For a discussion of the benelits of zero inflation. see Laidler (1990).

In order to understand the possible causes of the reces-
sion, this paper will employ a simple model that is used by
most intermediate level textbooks in macroeconomics—
the IS-LM model combined with an aggregate supply (AS)
function. This framework is reviewed in Section I. An ex-
planation of the approach adopted to implement the frame-
work empirically is contained in Section 1. Section III
discusses the implications of the estimated model to see
how well it conforms to the standard conclusions from the
IS-LM-AS framework. Section 1V then uses the model to
obtain a decomposition of GDP that attributes movements
in GDP to underlying aggregate supply, IS, money de-
mand, or money supply disturbances. This decomposition
leads to a further examination of the role of monetary
policy in Section V. Conclusions appear in Section VI.

I. A MACRO FRAMEWORK

Many cconomists organize their thinking about the macro
economy by using some variant of a simple framework that
links real and financial developments to a small number of
basic economic disturbances. The most common of these
frameworks is the IS-LM model of aggregate demand,
combined with an aggregate supply function. The result-
ing aggregate demand-aggregate supply model (AD-AS)
forms the core of most intermediate level textbooks
i macroeconomics.* This model attributes movements in
GDP to disturbances originating in either the factors affect-
ing aggregate demand or aggregate supply, and within
aggregate demand, to either IS shifts (government fiscat
policy, consumption, investment, net exports), money
demand shocks, or money supply disturbances. Aggregate
supply shocks arise from disturbances such as technology
shocks or oil price changes that influence the economy’s
supply of output. The purpose of this section is to outline a
simple AD-AS model that can be used to assess the role of
these various shocks on GDP during the period leading to
the downturn in mid-1990.5

The building blocks of the basic IS-LM-AS model are:

I. An IS relationship showing the real demand for domesti-
cally produced output for given levels of interest rates
and prices

2. A monetary sector specifying the demand for money and
its supply (the LM relationship)

4. For example. Abel and Bemanke (1992), Dombusch and Fischer
(1990), Gordon (1992), Hall and Taylor (1992), and Mankiw (1992) all
make use of an 1S-L.M plus aggregate supply framework.

5. For an empirical analysis of postwar U.S. economic activity before
1988 using an 1S-LM-AS framework, see Gali (1992).




3. An aggregate supply function showing the output level
consistent with the economy’s capital stock and labor
market equilibrium.

These components of the IS-LM-AS model serve to ex-
plain the determination of real output, prices, and interest
rates. The framework is also used to predict the general
effects that various economic disturbances would have on
these macroeconomic variables. For example, since moeney
wages appear to adjust relatively slowly and sluggishly,
increased demand for output, caused by a shock such as a
rise in government purchases, will raise domestic produc-
tion, increase employment, and push up the level of
interest rates. Over time, wages and prices will rise,
reducing the level of output firms find it profitable to
produce, and production will return to its initial level. A
positive shock to the supply of money (or a shock that
lowers the demand for money) will act to lower interest
rates in order to maintain equilibrium in the money market.
Lower interest rates help to stimulate investment spending,
producing a rise in aggregate demand and output in the
short run. As prices then rise, the real supply of money is
reduced fo its initial level, reversing the temporary move-
ments in interest rates and output. Finally, a positive shock
to aggregate supply, such as an unanticipated decline in oil
prices, raises the level of output firms wish to produce.
Output expands and interest rates must fall to stimulate a
corresponding rise in aggregate demand. 6

The exact pattern of responses exhibited by the economy
as a result of economic disturbances will be determined by
the degree of flexibility in moncy wages and prices, the
extent to which disturbances are anticipated, and the role
played by expectations of both inflation and the policy
responses induced by economic fluctuations.

The next two sections describe the empirical approach
used to obtain estimates of the four basic disturbances and
their contributions to GDP movements. These sections are
somewhat more technical than the rest of the paper and
could be skipped by readers who wish to proceed directly
to the discussion in Section 1V of the role of the various
disturbances.

II. Tue EmMpPiriCAL FRAMEWORK

It 13 convenient to represent the empirical framework by a
four-equation system, consisting of an aggregate supply
equation, an IS equation, a money demand function, and a
money supply function (AS, IS, MD, and MS equations),

6. Increases in the price of imported oil also act as a tax on domestic
consumers, thereby reducing aggregate demand. The discussion in the
text presumes the supply effect dominates,
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that determines equilibrium values of real output (v), a
nominal interest rate (i), real money balances (m —p) and
the nominal supply of money (). In its most general form,
we could write the model as

AAz, = B(L)Az,_| + ¢, ,

where Az' = (Ay, Ai, Am—Ap, Am) is the vector of
endogenous vartables, assumed to require first differencing
to induce stationarity,” A isa4 X 4 matrix, B()isa4 x 4
matrix polynomial in the {ag operator L, andeisa4 x 1
vector of the unobserved structural disturbances, €' = (€2
eis gmd em.r)_

It is assumed that the elements of € are mutually uncorre-
lated and serially independent with diagonal variance-
covariance matrix 3. These represent the fundamental
disturbances impinging on the macroeconomy. Insight into
the cause, or causes, of the 1990-1991 recession can be
gained by obtaining an estimate of € and the contributions
of its four elements to movements in GDP leading up to the
onset of the recession.

While consistent estimates of A~ !e can be obtained
from OLS regressions of Az, on lagged values of itself,8 the
estimation of A requires the imposition of identifying
restrictions. A variety of mecans have been employed to
identify “structural VARs” (Bernanke 1986, Blanchard
and Watson 1986, Sims 1986, Walsh 1987, Shapiro and
Watson 1988, Blanchard 1989, Blanchard and Quah 1989,
Judd and Trehan 1989, King, Plosser, Stock and Watson
1991, Hartley and Walsh 1992, Hutchison and Walsh 1992,
Gali 1992, Moreno 1992). These generally take the form
either of zero restrictions on the A matrix or restrictions on
the long-run effects of elements of € on elements of z.

Zero restrictions imposed on elements of A directly
restrict the channels through which shocks can contempo-
raneously affect the macro variables in the system. For
example, in Walsh (1987), the aggregate supply relation-
ship was taken to contain only output and prices. There-
fore, any direct shock to interest rates was assumed to
affect aggregate output only by first affecting prices (rela-
tive to expectations). Restrictions on contemporaneous
interactions are, however, controversial. When expecta-
tions play an important role and agents use all relevant
information to form expectations, for instance, zero restric-
tions are difficult to justify.

Recent attempts to identify structurat disturbances have
focused on the long-run effects of various disturbances and
the ways in which economic theory might imply restric-

7. The results of unit root tests, reported below, are consistent with this
assumption.

8. That is, by estimating Az, =A - 1B(L}Az, _;+A " le.
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tions on these effects. For example, economists who em-
ploy a wide range of approaches generally agree that the
long-run effects of purely nominal disturbances fall en-
tirely on prices and not on real magnitudes like the level of
output. Restrictions of this sort have been used by Shapiro
and Watson (1988), Blanchard (1989), King, Plosser, Stock
and Watson (1991), Hutchison and Walsh (1992), Gali
(1992), and Moreno (1992). Since similar long-run restric-
tions are implied by a varicty of models, they have gener-
ally been viewed as less controversial than restrictions on
the contemporaneous interactions.

Fourtypes of restrictions, all long-run in nature, are used
in this paper to identify the structural disturbances and
their impact on the variables in z,°

Type 1. The long-run effect of IS, money demand, and
money supply shocks on the level of real GDP is
zero {3 restrictions)

Type 2. The long-run effect of money demand shocks on
the level of nominal interest rates is zero
(1 restriction)

Type 3. The long-run effect of money supply shocks on the
level of nominal interest rates is zero (1 restriction)

Type 4. The long-run effect of the level of money supply
shocks on the level of real money balances is zero
{1 restriction)

The first category of restrictions (no long-run effect on
output of IS, money demand, or money supply disturb-
ances) has been used previously by others in order to
distinguish between aggregate supply shocks, which po-
tentially do have long-run output effects, and aggregate
demand shocks, which do not (for example, Blanchard and
Watson 1986, Blanchard 1989, Blanchard and QQuah 1989,
Judd and Trehan 1989, Hutchison and Walsh 1992, Galf
1992, and Moreno 1992),

The next three types of restrictions are based on the
long-run dichotomy between the real and financial sectors
implied by most macroeconomic models, This dichotomy
implies that the real interest rate, the nominal rate corrected
for the expected rate of inflation, should be independent of
money demand and money supply disturbances in the long
run. If monetary disturbances, whether originating on the
demand or the supply side of the money market, do not
permanently alter the rate of growth of the money supply,
so that the rate of inflation is stationary, both real interest
rates and the rate of inflation should be unaltered in the

9. After an earlier draft of this paper was written, [ read Keating {1992)
in which a VAR identified only through long-run restrictions. as is done
here, is reported. Keating s restrictions are the same as thuse used here.

long run as a result of monetary disturbances. 9 If so, then
money demand and money supply shocks will also have no
long-run effect on the nominal rate of interest.'! The final
restriction reflects the assumption that changes in the level
of the money supply ultimately produce proportionate
changes in the price level. This implies that real money
balances will not be affected in the long run by shocks that
affect only the level of the nominal supply of money. This
restriction is also consistent with conventional money
demand equations; if real money demand depends on
output and interest rates, neither one of which is affected in
the long run by shifts in the Ievel of the money supply, then
real money balances also must be independent of money
supply shocks in the long run.

Incorporating these restrictions implies the following
system of equations which can be estimated by 2SLS as
discussed in Shapiro and Watson (1988):12

N

N—1
Ay, = 2 oy Ay, ; + %: By A%,

1

N1
+ % Y1:4%(m—p), _,

N—|
+ g 0., 4%7m,_, + o5

JV ‘NII

Af, = %: az;Ay;ﬁ,‘ + 2]1 BZ;‘Air—i

N1
+ % Y2, A2(m —P) i

M-
T 2 8y 0%m,_, + gs

10. Dickey-Fuller statistics reported in Section 111 are consistent with the
assumption that the inflation rate and the growth rate of money are
stationary processes.

11. Tax effects that arise when nominal interest income, and not real
interest income, are taxed might lead permanent changes in money
growth to have long-run effects on real interest rates by altering the rate
of inflation. As noted in the previous footnote, however, both money
growth and inflation are consistent with the assumption that they are not
subject to permanent shifts, Even in the presence of tax effects, there is
710 reason to expect permanent changes in the fevel of the nominal money
supply to cause long-run changes in either real or nominal interest rates.

12. A constant also was inciuded in each equation for the purposes of
empirical estimation.
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The zero long-run impacts of IS, money demand, and
money supply shocks on real output are imposed by
constraining the sum of the coefficients on the current and
N lagged values of Ai, A(m~—p) and Am in the equation
for Ay to be zero. This can be done directly by entering
these variables in second difference form {that is, A2/} and
including only N — 1 1agged terms. Since contemporaneous
values appear on the right hand side of the output equation,
the equation is estimated by 2SLS. As instruments, N lags
of the first ditferences of y, i, m—p, and m were used.

In the equation for Ai, the zero long-run effect of money
demand and money supply shocks on the level of the nomi-
nal interest rate is imposed by including N — 1 Iags of the
second differences of m—p and m. In addition to the in-
struments used in estimating the equation for Ay, the
estimated residual for the output equation is used, since €2
and €'s are assumed to be orthogonal,

Because the level of m is assumed to have no long-run
impact on the level of m — p, the money supply is entered in
second difference form with a lag length of N—1 in the
equatton for A (1 — p). This is the only restriction imposed
on this equation. The estimated residual from the interest
rate equation is added to the set of instrumental variables to
estimate this equation. Finally, the equation for Am is
uncounstrained, and the residuals from the previous three
equations are used as instrumental variables, in addition to
N lags of the first differences of all the variables.

Once estimated, this system of equations can be used to
determine the contribution of the four fundamental shocks
to the movement of GDP during 1990. This will serve to
indicate the general source of the contractionary forces that
led to the downturn in 1990. However, alternative identify-
ing restrictions could be used and might result in different
conclusions. The impulse response functions used to gen-
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crate the estimated contribution of each shock are them-
selves estimated relatively imprecisely. Any conclusions,
therefore, should be viewed as suggestive only.!3

Gali (1992) estimates an IS-LM-AS model but uses
somewhat different identifying restrictions. He obtains
three restrictions by assuming the long-run output effects
of IS, money demand, and money supply disturbances are
equal to zero. These are the same restrictions listed as
Type 1 above and used in this paper. The remaining
restrictions Gali uses constrain the contemporaneous inter-
actions of output, interest rates, prices, and money. Specifi-
cally, he assumes that ncither money demand nor money
supply shocks have any contemporaneous effect on output.
For his final restriction, Gali considers three alternatives:
(a) prices do not enter the money supply rule contempo-
raneously; (b) GNP does not enter the money supply rule
contemporancously; (¢} price eaters with coefficient one in
nominal money demand (money demand homogeneity).

If all three of these alternatives were imposed, the
system would be overidentified, and the overidentifying
restrictions could then be tested. Gali finds that assuming
(a), he rejects (c) but not (b). Assuming (b), he rejects (a)
but not (c), and assuming (c) he rejects (a) but not (b).
These conflicting results are difficult to interpret. Gal{
reports the results he obtains under assumption (a), but
notes that generaily similar results were obtained under the
alternatives.

Keating (1992) cstimates a four-variable system involv-
ing output, an intercst rate, real money balances, and the
money stock, using only long-run restrictions to achieve
identification. His restrictions are identical to the ones
employed here. The data used in the estimation differ
however. Keating used GNP, the GNP deflator, and M1,
while GDP, the CPI, and M2 are used in this paper.

III. ESTIMATION OF THE MODEL

This section discusses some further issues associated with
the estimation of the model. It also reports on the estimated
effects of the four disturbances on output, interest rates,
inflation, and money growth. These impulse responses
will be compared to the implications of the simple IS-LM-
AS framework that has motivated the model specifica-
tion. These impulse response functions help cast light on
whether the empirical results accord with the theory. This
provides a check on the model; a close correspondence be-

13. As an alternative to the identifying restrictions listed above, real
federal defense expenditures were used to identify the model under the
assumption that these expenditures were correlated with 1S shocks but
not with money demand shocks. The effects of using this alternative
specification were basically the same as those discussed in the text.



38 FRBSF Economic ReEviEw 1993, NUMBER 2

tween the theory and the estimated effects of the shocks
identified by the model should increase our confidence that
the restrictions used to identify the disturbances are appro-
priate. Differences between the results obtained in this
paper and those obtained by Galf and Keating also will be
discussed.

Estimation was carried out using quarterly data on the
logs of real GDP, M2, the CPI, and the level of the 3-month
Treasury bill rate over the period 1961.Q1 t0 1991.Q2. All
data were taken from CITIBASE . A lag length of four was
used (N=4), the same as used by Galf and Keating.

Implicit in the specification of the basic four-equation
System are two assumptions: (1) that the four varizbles in
the system (GDP, the 3-month T-bill rate, real M2, and
M2) are integrated of order I, so that first differencing is
required in order to induce stationarity, and (2) that there
exist no cointegrating relationships linking the variables.
Both aspects of the specification are testable.

Table 1 reports the values of Phillips’ z,, test statistic for
the unit root null. For all four variables in level form, the
test fails to reject the null hypothesis of a unit root. In each
case, however, first differencing induces stationarity in that
a unit root tn the first difference can be rejected.

While the four variables in the system appear to be
integrated of order 1, there may exist linear combinations
of the variables that are stationary (integrated of order 0).
If so, the long-run behavior of the levels of the four
variables would be restricted, and these restrictions should
be incorporated into the estimated model. !5 Table 2 reports
the results of employing the multivariate test for cointegra-
tion developed by Johansen (1988). Johansen's trace test
and maximum eigenvalue test give conflicting indica-
tions about the possible presence of cointegrating relations
among the four variables. The trace test fails to reject the
null that the number of cointegrating vectors is less than
or equal to 1, taking on a value of 23.2 as compared to the
95 percent critical value of 35.07. The test statistic for
the nuli that the number of cointegrating vectors equals
zero takes the value 51.56 which is not significant at the
5 percent level. In contrast, the maximum eigenvalue
statistic for the nuil of zero cointegrating vectors against
the alternative of I is 28.36 which just exceeds the
95 percent critical value of 28.17. While the evidence
indicates that the system contains no more than one coin-
tegrating vector, the results do not point unambiguously to

14. In the notation of CITIBASE, the basic variables used were GDPQO,
FM2, PUNEW, and FYGM3,

15. See Engle and Granger (1987), King, Plosser, Stock, and Watson
(1991), Johansen and Jusclius (1990). In the presence of cointegrating
relationships, short- and long-run dynamics can be modeled by a vector
error correction (VEC) model.

TABLE 1

Unrr Roor TesTs: PHILLIPS’ z,

Levers FirsT DIFFERENCES
GDP -1.76 —8.90
3MTB —2.40 —9.56
CPf -0.80 —3.89
M2 -0.41 —-5.20
M2-CP{ -1.98 —5.39

Note: GDP,'MZ, and CP{ are in log form.

TABLE 2

COINTEGRATION TESTS
FOUR-vARIABLE sYsTEM: GDP, IMTB, CPf{, M2

H*, TRACE TRACE Apgax Anax

0.95 0.95
rs3 4.90 9.09 4.90 %.09
r=2 12.07 20.17 1.17 15.75
r= 23.20 35.07 11.13 21.89
r=20 51.56 53.35 28.36 2817

0 or 1. Consequently, I have proceeded under the assump-
tion that the four variables are not cointegrated, leaving for
future work the estimation and analysis of an 1S-LM-AS
model within the framework of an error correction model
that would incorporate the single cointegrating relationship
that might hold among these variables.

It should be noted, however, that other researchers have
found cointegrating relationships among the variables used
in this paper. Both Miller (1991) and Hafer and Jansen
(1992) report finding cointegrating relationships between
M2, prices, real output and interest rates. However, Mil-
ler’s sample ends in 1987 and Hafer and Jansen's ends in
1988, and there is evidence of an apparent downward shift
in M2 demand beginning in 1990 (see Duca 1992 and
Feinman and Porter 1992). This may imply these variables
are no longer cointegrated. Since data up to the second
quarter of 1991 are used in this paper, the conflicting
evidence on cointegration may reflect the different sample
periods used in the various studies. Because cointegration
captures long-run relationships among time series vari-
ables, and long-run restrictions are employed to identify
the model in this paper, different assumptions about the
presence or absence of cointegrating relationships may




influence the model estimates. The outcome of cointegra-
tion tests, however, has no necessary implications for the
long-run 1dentifying restrictions, since cointegration is a
property of the stochastic disturbances (the €'s) while the
identifying restrictions are restrictions on the coefficients
of the model.

The objective is to obtain estimates of the disturbance
terms that can be interpreted within the framework of
the AD-AS model. For this interpretation to be valid, the
estimated eftects of each type of disturbance should agree
with the basic implications of the theoretical framework.
The estimated model can be used to calculate the path of
output, prices, and interest rates in response to each of the
four underlying disturbances. Since the AD-AS framework
predicts the gencral shapes of these response functions, the
estimated responses can be used to see whether the data are
broadly consistent with the basic framework and the identi-
fying assumptions made in the estimation process. For
example, a positive money supply shock is predicted to
lower nominal interest rates and raise real GDP in the short
run. Over time, real GDP should return to its initial path,
as should nominal interest rates, if the growth rate of
money is stationary. If the impact of the money supply
shock identified by the estimation process does not have
these characteristics, it would suggest that the shock has
not been correctly identified.

In addition to comparing the estimated impulse re-
sponse functions to the predictions of the AD-AS frame-
work, the findings are also related to the IS-LM-AS model
of Gali (1992) and to the recent paper by Keating (1992)
which used the same long-run restrictions as are employed
here.1® With the exception of money demand shocks, the
results are in basic agreement with the implications of
the simple AD-AS framework. This provides some support
for the identifying restrictions used to obtain estimates of
the underlying disturbances.

Figure 1 shows the estimated responses to a positive
aggregate supply shock together with one standard devia-
tion bands. Responses are shown out to 12 quarters; the
standard errors tend to become very large quickly and are
shown only for the first six quarters. The point estimates
indicate aggregate output is permanently increased by a
positive supply shock. Since equilibrium requires that
aggregate demand also rise permanently, the rate of inter-
est falls. While inflation initially drops, money growth
increases, accommodating the rise in output. The effects
on money growth and inflation, however, are temporary, so

16. Both Gali and Keating use GNP and M1 in contrast to the use of GDP
and M2 in this paper. Some of the differences may therefore be due to
variable definition as well as to identifying restrictions,
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the decling in the nominal rate of interest implies a falt in
the real rate. These estimatec responses are consistent with
a textbook model of AD-AS (for example, Hall and Taylor
1992) and lock similar to the predicted capital accumula-
tion path in a necclassical growth model.

The estimated effects of a positive aggregate demand
shock are shown in Figure 2. Output peaks after five
quarters, and then declines gradually until it returns to its
initial level. Inflation is increased, but IS shocks have no
permanent impact on either money growth or inflation.
The permanent increase in the nominal interest rate, there-
fore, represents a rise in real rates. The rise in real rates is
needed to crowd out expenditures in order to reduce
aggregate demand to its initial level,

The AD-AS model predicts that a positive money de-
mand shock should, if the monetary authority fails to
accommodate it, raise nominal intercst rates temporarily
and contract aggregate demand. As Figure 3 shows, a
positive money demand shock does initially raise the
nominal interest rate slightly. The money supply also rises,
reflecting the fact that the Fed has partially accommodated
money demand shocks, However, the money demand shock
is still estimated to reduce real output, despite the accom-
modative policy response. It should be noted, however, that
the standard errors around the estimated money demand
effects are very large and none of the effects except the
accommodative response of the money supply are statis-
tically different from zero.

Finally, Figure 4 shows the estimated responses to a
money supply shock. Output exhibits the familiar hump-
shaped pattern associated with money shocks (King 1991},
and nominal interest rates initially decline. The impact of
the shock on the rate of growth of moncy is temporary, so
the impact on inflation is also.

The impulse response functions obtained from the esti-
mated system accord well with the predictions of the basic
IS-LM-AS framework. They also are generally consistent
with the findings of Gali (1992) and Keating (1992},
although some of the specific estimated responses differ.
Gali's basic set of identifying restrictions differ from those
used in this paper. He assumes, as I do, that IS, MD, and
MS shocks have no long-run effects on real output. He then
assumes that neither money demand nor money supply
shocks have contemporaneous effects on real output. In
contrast, I allow both money market shocks to affect GDP
contemporaneously. Finally, Gali assumes that the money
supply does not respond contemporaneously to prices. As
discussed in the text, [ impose the restrictions that money
supply and money demand shocks have no long-run impact
on the level of nominal interest rates and that money supply
shocks have no long-run impact on the level of real money
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FIGURE 1
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FIGURE 3

REspPoNSES TO AN MD SHock
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FIGURE 4

REespoNsEs To AN MS SHock
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balances. These last three restrictions seem better moti-
vated by economic theory than do Gal{'s.

One difference that the alternative restrictions make is
evident in the estimated impact of an IS shock. Gali finds
that a positive IS shock permanently raises nominal money
growth and inflation, with the inflation rate rising between
two and three times the increase in the growth rate of the
money supply. Under my restrictions, the long-run effect
on the rate of money growth must be the same as the long-
run effect on the rate of inflation; in the long run, inflation
equals the rate of money growth. I estimate IS shocks to
have no long-run effect on the rate of growth of M2, so such
shocks also have no long-run effect on the rate of inflation.
Gali also finds that a positive IS shock permanently lowers
the real rate of interest. The real rate rises in the model I
¢stimate.

IV. DEcomposING GDP

The role of the four shocks identified by estimating the
model is most informatively displayed by expressing the ac-
tual movement in GDP as the sum of the individual
contributions of each of the four disturbances.!” That is,
GDP in a specific quarter can be written as the sum of the
contribution of current and past aggregate supply shocks,
current and past IS-shocks, current and past money de-
mand shocks, and current and past money supply shocks
plus any deterministic trend. Such “historical decomposi-
tions” provide estimates of the cumulative effect of the
various shocks on GDP.

Before focusing specifically on the recent recession, it is
useful to examine past recessionary experiences to deter-
mine if the model succeeds in identifying as their causes
those factors that are generally accepted to have played
important roles in previous downturns. Figure 5 presents
the historical decomposition of GDP into components
attributed to each of the four orthogonal shocks. In the
upper panel, the solid line is actual GDP, while the dashed
line is the estimated contribution of aggregate supply fac-
tors and the deterministic drift in GDP. These are the
factors responsible for the stochastic trend in GDP. The
lower panel shows the estimated contribution of IS, money
demand, and money supply factors to the cyclical compo-
nent of GDP. The sum of these three components equals
the difference between actual GDP and the aggregate
supply component shown in the upper panel.

17. Since the disturbances are, by assumption, orthogonal, the sum of
the individual contributions of the four shocks exaclly equals the
nendeterministic component of GDP,
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The upper panel shows that aggregate supply disturb-
ances exerted contractionary effects on the economy in
1973-1974 and in 1979-1980. These dates correspond to
the oil price increases, indicating that the supply shock
identified by the model is correctly picking up these
disturbances. Money supply disturbances are estimated to
have had major contractionary effects leading into the 1969
recession and during the two recessions in the early 1980s.
This latter period is associated with the Volcker deflation,
and the model successfully identifies monetary policy as
an important cause of these recessions. Money supply
factors are estimated to have had a major expansionary
impact from 1974 to 1977, again agreeing with most



accounts that atiribute the run-up in inflation during this
period to excessively expansionary monetary policy.

While money demand factors often show large swings,
these are not as clearly associated with specific business
cycle fluctuations; IS shocks, however, are estimated to
have contributed to the 1974 recession and the 1981-1982
recession. The Reagan fiscal expansion of the early 1980s
fails to show up in any major way. These findings contrast
somewhat with those of Gali who also finds a fiscal
contraction contributing to the 1981-1982 downturn but
finds a strong fiscal expansion occurring from 1982 to
1985.

According to the first panel of Figure 5, the expansion
that began in 1982.Q4 and ended in 1990.Q3 started below
GDP’s estimated aggregate supply-trend component, but
moved above this component in early 1984, After growing
more slowly in 1986, GDP grew faster than its trend growth
rate during 1987 and 1988. It then slowed again relative to
its aggregate supply component during 1989 before the ex-
pansion ended in mid-1990. In evaluating the entire period
shown in Figure 5, it is worth noting that the model as-
sumes a constant average growth rate for the whole sample
period.'$

Confirming Gali's finding, money supply factors played
a key role in the early stages of the expansion. From the end
of 1982 uatit the first quarter of 1986, when output growth
temporarily slowed, almost half of the rise in GDP is
attributed to monetary expansion. Most of the remain-
ing Increase is attributed to aggregate supply factors. IS
shocks and MD shocks, in contrast, each had essentiaily no
net impact during this peried. Apparently the fiscal expan-
sion in 1983 and 1984 associated with the Reagan tax cuts
and defense buildup was subsequently offset completely by
the dollar appreciation of the first half of the 1980s.

From 1987 through 1989, IS factors become less con-
tractionary and actually turn expansionary in 1989.Ql.
This 1s almost completely offset by the contractionary shift
in the money supply component of GDP. Thus, the dollar
depreciation of this period appears to show up in the IS
series, but the Federal Reserve’s policy of gradually reduc-
ing the rate of inflation to zero stabilized real economic
activity in the face of what otherwise would have been an
IS-driven expansion. This period seems to be consistent
with the Fed’s desire at the time to engineer a simooth
tanding, reducing the rate of inflation by slowing the
economy down without pushing it into a recession.

18. A dummy was included in the GDP growth equation to allow for a
shift in the trend growth rate in 1973, However, the coefficient on the
dummy was statistically msignificant, so it was dropped from the
version of the model used to generate the results reported here.
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The economy is estimated to have weakened signifi-
cantly relative to its aggregate supply component eighteen
months before the official downturn in 1990.Q3. GDP
peaked relative to its aggregate supply component in
1988.Q4.'% Approximately 27 percent of the decline in the
stochastic component of GDP from 1988.Q4 to 1990.Q2
was due to aggregate supply factors, while 56 percent was
due to money supply factors. The remaining 17 percent
was due to IS (12 percent) and MD (5 percent) factors. This
composition changed markedly once the recession started
during the second haif of 1990. From 1990.Q2 to 1990.Q4,
over 90 percent of the decline in the stochastic component
of GDP 1s associated with the IS component, This is
consistent with the marked decline in consumer confidence
and consumption spending at the time of the Persian Gulf
crisis. Consumption, for example, declined at a 15 percent
annual rate during the fourth quarter of 1990, while private
investment spending dropped at a 35 percent annual rate in
this same quarter.2% Net exports grew strongly in late 1990,
but not enough to offset declines in the other components
of aggregate spending.

The evidence in Figure 5 seems to suggest that the
positive contribution of money supply factors peaked in
late 1985 or early 1986. These factors acted to reduce the
level of GDP after late 1987. Growth was sustained mainly
due to a turnaround in IS factors, possibly associated with
the dollar depreciation that occurred during this period.
This is illustrated in Figure 6 which shows the actual path
of GDP (the solid linc) and two hypothetical paths (dashed
lines) assuming (1) no money supply effects after 1988.Q4
and (2) no IS effects after 1988.Q4. The line showing no
money supply effects suggests that the economy would
have grown more strongly in 1989 than it actually did if

19. Romer (1992) argues that before 1927 NBER reference dates for U.S.
business cycles were based on detrended data; those after 1927 were
based on data in levels. Based on the earlier methods, the 1990 recession
would have started in 1988.

20. The cause of the sharp fall in consumption during the initial quarter
of the recession is probably attributable (o the Gulf crisis. In August
1990, Iraq invaded Kuwait, and, over the next three months, the
Michigan Index of Consumer Sentiment (1CS) registered its biggest
three-month decline since its inception in 1956. And drops in }CS tend
to be associated with reductions in consumer spending, particularly on
durable goods (Throop 1991, 1992). Censumer purchases of durables
fell at just over a 15 percent annual rate during the fourth quarter
of 1990. Consumer sentiment is generally related to direct measures of
ecenemic conditions, such as unemployment, interest rates, oil prices,
and inflation. In an error correction model of ICS, Throop (1992) finds 2
significant negative coefficient on a dummy variable for the Gulf War,
indicating that the fall in consumer sentiment in late 1990 was not
directly related 1o current or recent economic conditions. The Gulf crisis
seems to have generated increased uncertainty on the part of households
and to have led directly to a reduction in consumer spending.
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money supply factors had not turned more restrictive;
however, a recession still would have occurred. The line
showing no IS effect clearly indicates that the economy
would have suffered a short recession in 1989 if IS effects
had not been so expansionary. If both money supply and IS
factors had remained unchanged after 1988.Q4, the econ-
omy would have continued on a relatively flat path at least
through the middle of 1991, but no recession would have
occurred.

The historical decompositions indicate that, while money
supply shocks were pushing up GDP relative to trend
growth until 1987, they had an increasingly contractionary
effect on economic activity leading up to the cyclical peak
as the Fed sought to prevent the economic expansion from
putting upward pressure on inflation.! In terms of the
timing of the peak in the stochastic component of GDP in
1988.Q4, the decline in the money supply contribution
seems responsible. While the contractionary impact of IS
factors in 1990 eventually would have generated an eco-
nomic downturn, the role played by money supply factors
deserves a closer examination. If the model-based measure
of money supply disturbances actually reflects the im-

21. In reporting on its policies during 1989, the Fed stated that “Early
inthe year, the economy still was strong. and inflation appeared 1o be on
the rise; Lo prevent the pressure on wages and prices from building, the
Federal Reserve extended the tightening of money market conditions
that had begun in early 1988." (Board of Governors 1989, p 3.}

pact of monetary policy on the economy, then the experi-
ence of the late 1980s may hold important lessons for the
ability of the Federal Reserve to reduce inflation gradually
without so weakening the economy that it is vulnerable to
recession. Credible policies designed to reduce inflation
are often thought to have litile output cost. The contrac-
tionary impact of monetary policy in the late 1980s casts
doubt on this view, or on the credibility of the Federal
Reserve’s policy of inflation reduction.22

The implications of these findings might be quite differ-
ent, however, if the money supply disturbances identified
by the model do not reflect monetary policy actions but
rather capture nonpolicy related banking sector factors.
Thus, the next section will examine some commonly em-
ployed indicators of monetary policy to determine whether
they tell a similar story. This will help to provide a check on
the robustness of the conclusions generated by the model.

V. THE RoLE oF MONETARY PoLicy

The previous section has suggested that money supply
factors from 1987 to 1989 may have contributed to the
slowing of the economy before the actual downturn in
mid-1990. The money supply contribution to GDP is
estimated to have flattened in 1988 and then become more
contractionary during the first quarter of 1989. This raises
the question of whether monetary policy was responsible
for the contractionary shift.23 In this section, several alter-
native indicators of monetary policy are examined to
determine whether they also are consistent with the view
that monetary policy became increasingly restrictive after
1988. The model-based measure is an estimate of the
exogenous component of money supply movements. In
contrast, these other indicators are endogenous variables
whose movements will reflect both policy and nonpolicy
factors.?*

In contrast to the model-generated measure shown in
Figures 5, the impact of monetary policy is more com-
monly measured by either a monetary aggregate, such as
M2, or an interest rate or interest rate spread. While the
importance of monetary aggregates, particularly M1, has
been downplayed in the policy process over the past ten
years, the Federal Reserve continues to establish target
zones for the M2 aggregate. M2’s behavior is influenced by

22. For evidence that the Fed's inflation policy did not have credibility,
see Judd and Beebe (1993},

23. Given the lag between a change in monetary policy and its impact on
GDP (see Fipure 4), the quotation in footnote 21 is consistent with the
downturn in MS in early 1989,

24. The Boschen and Mills index discussed below is an exception.



factors other than Federal Reserve actions. For example,
the behavior of M2 in 1990 might reflect non-monetary
policy disturbances such as a possible credit crunch result-
ing from tighter bank supervision. Despite this, move-
ments in M2 are often taken to indicate the stance of policy.
There was a marked slowdown in M2 growth in 1987.Q1.
From 1982.Q4 to 1986.Q4, M2 growth averaged 9 per
cent; from 1987.Q1 to 1990.Q2, it averaged 5.2 percent. [n
Rotenberg, Driscell, and Poterba (1991, Figure 1), their
currency equivalent monetary aggregate also shows a
slowdown in 1987. Such slowdowns in money growth
would be expected to affect nominal income growth with a
lag. King (1991) estimates that the lag between changes in
M2 growth rates and M2’s peak effect on real economic
activity is approximately six to seven quarters, suggesting
that monetary policy was contributing to a slowdown in the
cconomy through late 1988 and 1989. This is consistent
with the evidence from the historical decomposition based
on the estimated AD-AS model.

In the standard IS-LM framework, changes in the money
supply act on real interest rates and the real economy by
affecting the real supply of money, the nominal supply
adjusted for the price level. Real M2 growth, like M2
growth itself, indicates a sharp tightening of monetary
policy in early 1987. The growth rate of real M2 fell from
7.3 percent in the fourth quarter of 1986 to — 0.2 percent in
the fourth quarter of 1987. From 1982.Q4 to 1986.Q4, the
four-quarter growth rate of real M2 averaged 5.7 percent; it
averaged only 1 percent from 1987.Q1 to 1990.Q2. After
growing very rapidly through 1986, real M2 remained
roughly constant from 1987 through 1991. However, sev-
eral authors attribute the slowdown in real M2 growth,
particularly after 1990, to a shift in M2 demand (Duca
1992, Feinman and Porter 1992). Duca finds that most of
the fall in M2 demand was the result of the closing of thrifts
by the Resolution Trust Corporation. If this is the case, the
failure of real M2 to grow during the period from 1987 to
1991 reflects a shift in money demand, not money supply or
monetary policy. The model does show a slight positive
effect of money demand shocks on output during 1990 and
1991 (see Figure 5), but it may be that the money supply
series is also picking up some of this money demand shifi.

All three quantity indicators of monetary policy—the
model-based series, M2, and real M2—paint a similar
picture. They suggest monetary policy turned increasingly
restrictive n early 1987, The model-based estimate sug-
gests the expansionary effect of menetary policy peaked in
early 1986, having a net negative impact on GDP begin-
ning in late 1987. The Fed's own view is that its policy
became more restrictive only later, in March of 1988 at a
time when they felt the likelihood of higher inflation was
increasing (Board of Governors i988). In the absence of
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offsetting developments, it 1s likely that a recession would
have occurred sometime in the period from late 1987 1o
early 1990, Figure 5 suggests that the impact of monetary
policy during this period was offsctting aggregate spend-
ing (IS} factors.

In addition to quantity measures, interest rate move-
ments are often used to gauge the stance of monetary pol-
icy, although these too are controversial as measures of
policy. Stnce the Federal Reserve has generally used oper-
ating procedures oriented toward interest rates, short-term
interest rate changes provide information about the actions
of the Fed. Recently, Bernanke and Blinder (1992) have
argued that the federal funds rate is a good indicator of
monetary policy. The federal funds rate adjusts to equate
the demand for and supply of bank reserves, and Bernanke
and Blinder use monthly and weekly data to demonstrate
that the federal funds rate has been relatively insensitive to
fluctuations in reserve demand. This is consistent with the
view that movements in the funds rate reflect supply fac-
tors, including Federal Reserve policy actions. While the
evidence presented by Bernanke and Blinder deals with
the pre-October 1979 period, the funds rate also should
reflect mainly policy actions by the Fed under the borrowed
reserves operating procedure used during the past decade
{Walsh 1990). Restrictive monetary policy, by reducing the
supply of bank reserves, leads to a rise in the funds rate.

The sharp rise in the funds rate shown in Figure 7 prior to
the business cycle peaks in January 1980 and July 1981 is
consistent with the view that restrictive monetary policy
played a major role in the recessions of the early 1980s. The
funds rate did rise steadily beginning in 1986, moving from
6.2l percent in the third quarter of 1986 to a peak of 9.73 in
the second quarter of 1989. The funds rate, therefore,
indicates restrictive monetary policy coatinuing much
longer than was suggested by the growth rate of either M2
orreal M2, Given the lags with which monetary actions are
normally thought to affect the real economy, the rise in the
funds rate is consistent with a monetary-induced slowdown
in 1990.

The funds rate is not an exogenous measure of monetary
policy, and its level is affected by such factors as the
prevailing expected rate of inflation. Variations in expected
inflation make interpreting the funds rate as an indicator of
monetary policy difficult. Since it is often thought that
short-run movements in long-term interest rates predomi-
nantly reflect variations in expected inflation, the funds
rate minus a long-term rate provides an alternative indica-
tor of monetary policy (Laurent {988, Goodfriend 1990).
In Figure 7, FFBOND is the difference between the Fed
funds rate and the rate on 10-year constant maturity govern-
ment securities. An increase in this series—that is, a rise
in the funds rate relative to the 10-year rate—would signal
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restrictive monetary policy. From the fourth quarter of
1987 to the third quarter of 1989, this series rose from
—2.21 percent to 0.98 percent. In describing this rise,
Bernanke and Blinder (1992, p. 17) state that “only two
sustained increases in FFBOND were not followed by
recessions. The first such episode, which was long and
gradual, ended with the 1966 credit crunch, which was
followed by a ‘growth recession.’ The second is the very
recent run-up which, as of this writing (September 1990},
has not led to a recession.” We now know that the recession
had begun in July 1990.

Indicators of monetary policy based either on monetary
aggregates or on interest rates are indirect measures, since
they are affected both by policy actions and by other
factors. Shifts in money demand, the impact of a credit
crunch, balance sheet restructuring and the S & L crisis are
just a few of the developments that make it difficult to rely
on only one indicator. In a recent study, Boschen and Mills
(1991) have constructed a measure of policy that is based
directly on their reading of the minutes of FOMC meet-
ings.25 They characterize policy as falling into five cate-
gories: contractionary, somewhat contractionary, neutral,
somewhat expansionary, and expansionary. Values of —2,
—1, 0 1 and 2 are assigned to these categories. The series
they construct is again consistent with the earlier evidence

25. Data through July 1991 were kindly supplied by John Boschen.

of restrictive monetary policy through most of 1987 and
1988. The index was equal to 1.0 {somewhat expansionary)
during all of 1986. It then fell to —1.0 by the third quarter
0f 1987, rose to 1.0 in the fourth quarter of 1987 in response
to the stock market crash, then declined to a value of —2.0
(contractionary) in the second quarter of 1989. Beginning
in the third quarter of 1989, monetary policy became pro-
gressively more expansionary according to the Boschen
and Mills index. This timing is consistent with the Fed’s
own view. According to the Federal Reserve Board’s 1989
Annual Report, “In June, the FOMC began a series of
steps—undertaken with care to avoid excessive inflation-
ary stimulus—that trimmed 1% percentage points from
short-term interest rates by year-end” (p. 3). Given the lags
with which monetary policy affects the real economy, how-
ever, the Boschen-Mills series, like the other measures
examined, suggests that monetary policy was exerting a
contractionary effect on the U.S. economy from late 1986
or early 1987 until at least the middle of 1989.

Monetary policy clearly did not cause the 1990 down-
turn. Instead, monetary policy turned contractionary well
before the end of the expansion. The model-based histor-
ical decomposition shown in Figure 5 indicates that a
monetary-induced recession failed to occur in 1989 be-
cause it was offset by 1S-originating factors. And it was the
downturn of these factors that pushed an economy already
slowed by restrictive monetary policy into recession in
1990.

VL. SUMMARY AND CONCLUSIONS

An empirical model designed to represent a simple IS-
LM-AS framework was estimated in order to associate
movements in GDP with the four fundamental shocks em-
phasized by this framework. While the impulse response
functions generally matched the behavior implied by the
theoretical framework, thereby lending some support 1o
the method used to identify the underlying shocks, the ef-
fects are not estimated with much precision. However,
the historical decompositions derived from the estimated
model did seem to capture those factors usually viewed as
important in previous recessions.

When the mode} was used to identify the basic disturb-
ances that might have caused the 1990 recession, three
points emerged from the analysis. First, while the timing of
the downturn in July 1990 was clearly related to the loss
of consumer and business confidence at the time of the
Gulf crisis, the economy had already significantly weak-
ened, peaking relative to trend over a year earlier. Second,
the general weakness in the economy in the period leading
up to the actual cyclical peak was due to restrictive
monetary policy that served to offset expansionary IS




factors in a way that kept the econony relatively flat. Such
a path seems consistent with the Federal Reserve’s stated
goal at the time to bring inflation gradually down closer to
zero. Third, IS factors turned down in 1989.Q3, acting
to reduce the level of GDP beginning in 1990.Q1. These
IS factors accounted for most of the decline in GDP over
the rest of 1990. Thus, a more detailed examination of the
causes of the recession should begin by investigating
the reasons for the downward shift in the IS curve,
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