NBER WORKING PAPERS SERIES

SOURCES OF CYCLES IN JAPAN, 1975-1987

Kenneth D. West

Working Paper No. 3763

NATIONAL BUREAU OF ECONCMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
July 1991

I thank the Bradley Foundation, the National Science Foundation,
the Sloan Foundation and the Graduate School of the University of
Wisconsin for financial support, Dongchul Cho for research
assistance, and Hamid Davoodi, Takeo Hoshi, Fukunari Kimuara,
John Shea, two anonymous referees and participants in several
seminars for helpful comments and discussions. December 1989,
last revised June 1991. This paper is part of NBER’s research
program in Economic Fluctuations. Any opinions expressed are
those of the author and not those of the National Bureau of
Economic Research.



NBER Working Paper #3763
July 1991

SOURCES OF CYCLES IN JAPAN, 1975-1987

ABSTRACT

A simple real model is used to decompose movements of
aggregate inventories and output in Japan during 1975 to 1987 to
three components, one due to cost shocks, one due to demand
shocks, and one due to shocks from abroad. Cost shocks are
estimated to account for about one tenth of the movement in GNP,
one half of the movement in inventories. Most of the remaining
movement in GNP is due to demand shocks, in inventories to shocks
from abroad. Confidence intervals around these point estimates

are, however, very large.

Kenneth D. West
Department of Economics
University of Wisconsin
1180 Observatory Drive
Madison, WI 53706

and
NBER



A number of recent studies have considered the sources of fluctuations in
aggregate output in the U.S., breaking down these fluctuations into components
due to cost and to demand. A survey of several recent contributions is in
Blanchard (1989). There seems, however, to be very little work that
constructs similar breakdowns for other countries. Apart from the intrinsic
interest in sources of fluctuations in other countries, such work could, in
addition, shed light on theories of the business cycle that purport to explain
fluctuations in market economies in general.

This paper uses a real model to consider sources of fluctuations in
Japan, 1975:1 to 1987:4. The model is based on that in West (1990c), which
derived dynamic linear aggregate demand and aggregate supply curves in a
simple closed economy, general equilibrium inventory model. To account for
the open economy aspects of Japan’s economy, I simply add trade weighted
indices of real foreign output and the real exchange rate to the aggregate
demand curve derived in West (1990c), and assume that these two variables
evolve according to an exogenous bivariate vector autoregression. Estimates
of the reduced form implied by the resulting aggregate demand and supply
equations are then used to break down fluctuations in real aggregate
inventories and output into components due to cost (a real unobservable that
shifts the aggregate supply curve), to demand (a real unobservable that shifts
the aggregate demand curve), and to the element of shocks to foreign output
and the real exchange rate that is uncorrelated with cost and demand shocks.

The basic identifying assumption is suggested by a simple production
smoothing model such as in Holt et al. (1960). In such a model, increases in

demand will tend to cause inventories to fall, and output to rise, while
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decreases will tend to cause the opposite pattern; increases in cost will tend
to cause both inventories and output to fall, decreases the opposite. The
pattern of co-movements of inventories and outputs thus reflects sources of
fluctuations in a straightforward way, with procyclical inventory movements
resulting from cost shocks, countercyclical movements from demand shocks.

Such a simple pattern might not prevail in a model with empirically
plausible dynamics. But even in a dynamic model the pattern of co-movements
can be used to identify cost and demand shocks (West (1990c)). In the present
open economy context, one can also infer the additional effect of the
component of movements in foreign output and the exchange rate that is
uncorrelated with the unobservables that shift the Japanese aggregate demand
and supply curves.

I turn to Japan for two reasons. The first is that Japanese inventory
data appear to be unusually good. As in the U.S., but unlike some other major
industrialized countries (e.g., Germany (OECD, 1981)), the figures on
inventory investment are benchﬁarked against survey data every month. And
these survey data appear to be unusually good (OECD, 1979)). Second, Japan is
distinet among the G7 countries in that its aggregate inventory movements are
not markedly procyclical (West (1990a,1990b)). Given the model used, Japanese
data therefore seemed especially likely to yield results that would provide an
interesting contrast with U.S. data.

As one might predict given the model, I do indeed find that the component
of inventory and GNP movements due to costs is less in Japan than in the U.S..
At business cycle horizons, about 10 percent of the variance of changes in GNP
and 60 percent of the variance of inventory investment is due to cost shocks.

Most of the remaining variance in GNP is due to demand shocks, in inventories



due to shocks from abroad.

By contrast, in West (1990c) I found that about 50 percent of the
movement in U.S. GNP and over 90 percent of the movement in U.S. inventories
i3 due to costs. The relatively low figures for costs in Japan are, at least
superficially, inconsistent with real business cycle models in which the major
source of output fluctuations is shocks to costs.

A byproduct of the analysis is a decomposition of movements in foreign
output and the real exchange rate. Foreign output tends to be driven largely
by shocks uncorrelated wich the unobservable cost and demand shocks that shift
Japan’s aggregate supply and demand curves, suggesting that there is a large
nation-specific element to output fluctuatioms. The real exchange rate
appears to be driven more by shocks to cost than demand, suggesting (againt!)
that the standard monetary model of the exchange rate is not very
satisfactory.

For at least three reasons, however, the results should be interpreted
with caution. First, polnt estimates are extraordinarily imprecise, perhaps
because the sample is relatively short (twelve years). The 95 percent
confidence interval around the variance decompositions just described
sometimes include values less than 10 and more than 90, indicating that
essentially no reasonable hypothesis is markedly inconsistent with the data.
Thus it would be hasty to draw any firm conclusions from the point estimates.
Second, while most of the parameter estimates are plausible, those summarizing
the effects of foreign output and the real exchange rate on aggregate demand
perhaps are not, in that they imply larger short run than long run
elasticities. This again underscores the tentative character of the

conclusions. Finally, the model is purely real, excluding by assumption any
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possible role for nominal shocks and nominal rigidities. Readers who accord a
prominent role to nominal factors might therefore consider it premature to
place much weight on the results. In this connection, it should be emphasized
that the aggregate demand and aggregate supply curves are not the usual
textbook ones, since the latter usually combine nominal and real variables.

One final introductory remark: A more or less traditional production
smoothing model is the starting point for my model. Much has been made of the
Japanese "just in time" system of inventory management, which seems to be in
wide use in some manufacturing industries (see, e.g., Cusumano (1985) on the
automobile industry), and which-is inconsistent with the basic assumptions of
production smoothing models. But such inventory management is still
consistent with the possibility that the aggregate economy is led by an
invisible hand to act as if it is minimizing costs that increase with the
level of production and inventories in a fashion assumed by production
smoothing models. Thus I do not consider a production smoothing model a
priori unsuited for analysis of the Japanese economy. Indeed, in related work
(West (1990b)), I have found that in Japanese manufacturing, where just in
time practices seem to be of the greatest importance, co-movements of
inventories and sales are similar to those of the aggregate data studied here,
and the empirical results presented below suggest that my model does a
tolerable job of explaining movements in these data.

Part 1I presents the model, part III empirical results. Part IV
concludes. An Appendix has some algebraic details. An additional appendix

available on request has some results omitted from the paper to save space.

11. Model
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The model is an open economy version of the closed economy model in West
(1990c). It is a real model in which the goods market in isolation determines
output, inventories and the ratio of output price to the wage. This price
feeds into the asset market to determine the exchange rate, nominal price
level, and so on. The model derived below will determine the real goods
market equilibrium, but leave asset markets and determination of nominal
quantities unspecified. One could (but I do ngc) add a nominal side with a
specification such as is in Flood and Hodrick (1985).%

The goods market equilibrium is determined as follows. In inverse form,

the aggregate demand curve is

(1) Pp = -gosSe + Go'Xe + ... + Gy'Xpoy + Uge

= -gosSe + G(L) "X+ Uge, Gim(gye,8ia) 'y Xem(Qee,ee)’ .

In (1), P, is the ratio of output price to the wage rate (see West (1990c)),
S, is real aggregate final sales, X, is a vector of variables that shift the
aggregate demand curve, X.=(Qq.,e,)’, Qs a trade weighted index of foreign
output measured in foreign currency units, e, a trade weighted index of the
real exchange rate (yen/foreign currency), U, is an observable shock to
aggregate demand that captures shifts in preferences and policy. The g 's,
gie's and gog are parameters, with gy positive. In (1) and throughout,
constant and trend terms that are allowed in the empirical work are omitted
here for simplicity.

S, in equation (1) is the sum of (a)domestic sales of domestically
produced goods, and (b)net exports. Underlying this equation are equations

determining each of these two components, say, (a)domestic final sales =
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-(1/80s)P, + demand shock (see West (1990c) for a derivation in a closed
economy), and (b)net exports = (gg/g0s)Qt + --- + (Baz/Bos)Qu-n + (Boe/Bos)er +

- + (@ne/Bos)ern- Thus, foreign output Q, and the real exchange rate ey
appear in the demand curve in accordance with the standard notion that an
increase in foreign output or depreciation of the real exchange rate increases
net exports and thus domestic output. Since net exports are part of final
sales S,, the natural specification in a model that distinguishes between
sales and production is to have §; increase with increases in foreign output
and depreciation of the real exchange rate. The distributed lags on Qg and
e, allow these to affect domestic demand with a delay.? (The length of the
distributed lag is the same for both variables since this was suggested by the
empirical work; in principle, the lag lengths might be different.)

An aggregate supply curve is derived from a version of Holt et al.

(1960). The representative firm has per period costs

(2) Gy = BogQ:® + BorHp? + 2U,, (hH#Q,) .

In (2), Q 1is real production (GNP), H, is real aggregate inventories and Uer

1s a cost shock that captures shifts in technology. The identity

(3) Q. =Sy + oH,

holds. The g;; are parameters (go>0, go>0) with h=0 a parameter that
measures the cost shock’s impact on inventory storage costs relative to its
impact on production costs.

The first term in (2) reflects increasing costs to production, and ecan be



7
considered an appréximation to an arbitrary convex cost function. The
inventory term, gegH,?: captures increasing marginal storage and holding costs
See West (1986) for additional discussion of this and the other term in the
cost funetion.?

Let the representative competitive firm maximize expected discounted
profits, using a constant discount rate b, 0O<b<l. (An observationally
equivalent model results if one assumes monopoly or an oligopoly with a Nash
equilibrium (Eichenbaum (1984).) Let E, be mathematical expectations (linear
projections) conditional on period t information. The objective for the firm
is to choose inventories and production to maximize expected present

discounted profits

max 1im e E.Z]obd [PraySesy-Ceeyd -

Let ¢, expected present discounted costs, ¢, = Etzj.obict,_,. After using
the identity S,—Q,-AH, to substitute out for §,, differentiation of this
objective function with respect to H, and Q. leads to two first order

conditions

(4a) -Py+bE.Pyyy = de /H, = 2gogH, + 2hU,,,

(4b) Py = 8¢./3Q, = -2bg;qEQus; + 2[gaqt(1+b) B1q] Qe -283Qe-1 + 2U.:,

The first equation in (4) states that the firm puts goods into inventory until
the expected marginal storage cost dc./3H, equals the expected excess of
discounted revenue over the opportunity cost of not selling today. The second

equation says that the firm equates expected marginal production cost to



price.

The four equations (1), (2), (4a) and (4b) interact to determine
equilibrium P,, Q,, S, and H,, conditional on the shocks U, and U, and the
demand shift variables Qs, and e,. To solve how the shocks and shift
variables interact to determine Q. and H,, begin by using (1) and then (3) to
eliminate P, and then S, from (4). This leaves two dynamic first order

conditions in the two variables H, and Q;, written in vector form as

(5) Ee¢lbA;'Youy + AoYy + AjYey + ByG(L)'Xy + bBG(L) 'Xeyy + DUy + bDyUpyy] = 0.

In (5), Y, is the (2x1) vector (H,,Q.)’, U, is the (2x1) vector (U, ,Us)’', By =
(1,-1)* and B, = (-1,0)' are (2xl) vectors, A, and A, are (2x2) matrices that
depend on b and the gy;, D, and D, are 2x2 matrices that depend on h and some
constants. See the appendix for the specific formulas. The first equation in
(5) is a dynamic aggregate inventory equation, the second a dynamic aggregate
supply equation.

The next step in solution of the model requires specification of the
stochastic processes for foreign output Q,, the real exchange rate e,, and
the shocks U, and Uy . Cousistent with some tests for unit roots reported
below, the empirical work assumes that the cost and demand shocks follow
univariate random walks, the first difference of foreign output and the real

exchange rate a bivariate vector autoregression of order p:

(6a) Ugp = Uy + Ugy, Egguee=0, Eug? = of;
Uge = Uge-y + Uge, Ep-quge=0, Eug? = oF;

(6b) 8K, = &,8%,y + ... + 0K, + Vyp, EeoyVie=0;
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Eugug,~0, all t,r; EV u.,,=EV,uy,=0, tygr,

Note that while cost and demand disturbances are assumed uncorrelated at
all leads and lags, the shocks to foreign output and the real exchange rate
may be contemporaneously correlated with both cost and demand shocks. While I
have specified AX, simply as an autoregression, my underlying assumption is
that a model similar to the one just sketched determines foreign as well as
Japanese output. Since there certainly are international links for both cost
and demand shocks (say, OPEC, or policy that results from either cooperation
or strateglc noncooperative behavior), the innovation in Qg 1is plausibly
correlated with the unobservables that shift the Japanese aggregate demand and
supply curves. In addition, unobservables that shift aggregate demand and
aggregate supply in both Japan and abroad will also affect the equilibrium
real exchange rate, suggesting as well a correlation of the innovation in e,
with these unobservables.

Assume that the number of lags n of X, in the demand curve (1) is greater
than the number of lags p of AX, in the autoregression (6), as appears to be

the case empirically. It may be shown that the solution to the model is

(7a) &Y, = &Y,y + T8,y + ... + T + Vi,

(7b) &X, = 8K,y + ... + S AKX, + Vy,

where the AX, autoregression is repeated for convenience. In (7), N is a
(2x2) matrix whose second column is zero, and whose first column depends on b,
Boq: Bos and goy. The T'y are 2x2 matrices that depend not only on b and the 845

but also on the &,. The (2xl) disturbance Vi¢ 1s a linear combination of the
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innovations u.,, ug and V,.; its variance-covariance matrix depends on all the
parameters of the system.

This paper uses (7) to decompose fluctuations in Japanese GNP, Q,, into
components due to cost, to demand, and to a residual that remains after the
innovation V,, is projected onto cost and demand. (Thus, common elements of
foreign and Japanese cost and demand shocks are attributed to U, and Uy, with
the foreign residual reflecting only the idiosyncratic element of foreign cost

and demand shocks.) See the Appendix for algebraic details.

esu

Described below in turn are data, estimation and identification,
determination of the number of unit roots and selection of lag lengths, and
empirical results.
&, Data

All the data used were real, quarterly and seasonally adjusted, 1974:1 to
1987:4; after some lags were used for initial conditions, the sample remaining
for estimation spanned the 51 quarters from 1975:2 to 1987:4, I begin in
1974:1 because many authors have found a distinct change in the Japanese
économy around the time of the first OPEC shock, with some authors (Komiya and
Yasui (1984), Yoshikawa and Ohtake (1987)) suggesting in particular that the
export market became a strong force in Japanese business cycles at about this-
time.

The units for the inventory and GNP data are billions of 1980 yen. GNP
and aggregate private inventory investment came from the OECD's Majin Economic
Indicators (MEI), as supplied on diskettes by VAR Econometrics. A series for

the level of inventories (used only in the tests for unit roots and in Figure
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1) was constructed by combining the 1980:4 figure for the stock (the Japanese
Economic Planning Agency's Economic Statistics Annual (1987,p340)) with the
MEI figure for inventory investment.®

As in Goldstein and Khan (1978) and Noland (1989), foreign output Q, was
a trade-weighted index of the GNP of some of Japan's major trading partners.
Data on GNP and exchanée rates for the sample period were available from MEI
for Australia, Canada, Germany, United Kingdom, Italy and the U.S.A. Value
(nominal yen) data on exports to these countries, 1982-1987, was obtained from
the Bank of Japan’'s Monthly Statistics of Japan (March 1984, pp77-81).
Weights were computed according to each country's share of total exports over
that period: Australia, .06; Germany, .09; Canada, .05; United Kingdom, .07;
Italy, .01; U.S.A., .72. Q was then constructed by weighting indices of
real GNP (1980~100), e, by weighting indices of the average real quarterly
yen/foreign currency exchange rate (1980=100).

The set of six countries includes four of Japan’s five largest export
markets over 1982-1987 (South Korea is the exception). But since these six
only account for about 35 to 40 percent of Japan's exports in the early as
well as the later part of the sample (Allen (1981, pl62)), this is still a
rather noisy measure.

Plots of the data are given in Figure I. The intervals between peaks and
troughs in the reference cycle, as determined by the Japanese Economic
Planning Agency, are noted by shaded areas. As one would expect, given the
large weight on the U.S. in the construction of the indices, the bottom panel
of Figure I indicates that it is not misleading to think of Q. as U.S. GNP,
e, as the real yen/dollar exchange rate: one sees in the path for e,, for

example, the post-1985 appreciation of the yen relative to the dollar.
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Figure II plots the first difference of Japanese GNP and inventories. Two
comments are of interest. First, it is evident that what the Economic
Planning Agency identifies as a peak to trough slowdown rarely involves
negative growth in GNP. Second, although the picture suggested to at least
one reader some mild procyclicality of inventory movements, any such
suggestion is more apparent than real. The correlation between AQ, and &H, is
only .005. The comparable correlation for the U.S. for the same sample period
is .35; as noted in the introduction, Japanese inventory movements are notably
less procyclical than those in the U.S, or the other G7 countries.

B, Identjfication and Estimation

To determine whether or not unit roots are present and to select the lag
lengths n and p in (7), OLS or seemingly unrelated regressions and some
standard asymptotic tests were used as described in the next section below,
Once these were chosen, seemingly unrelated regressions was used to estimate
both unrestricted and restricted versions of (7) and confidence intervals were
constructed by bootstrapping as described below. The restricted version
imposed the cross-equation restrictions implied by the model. These are
written out in detail in the appendix. A brief overview of details useful in
interpreting the results follows.

A discount rate b~.98 was imposed a priori. In related research (West
(1986)) I have found results are remarkably insensitive to the exact value of
the discount rate chosen, so I did no experimentation with other values of b.

It follows from (5) and the formulas given in the Appendix that the 83
parameters are identified only up to a normalization: doubling all the 83
results in identical first order conditions, apart from a rescaling of the

disturbances. Consistent with West (1990c¢), the normalization chosen was
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Bostgoq = 1. Together with this normalization, the two nonzero elements of the
unrestricted estimate of Il determine gog, goq and gom-

These unrestricted estimates were used to get an estimate of the
restricted reduced form, which was then used to get estimates of the g;,'s and
gis's (the parameters of the distributed lags on Qs and e, in the demand
curve), as follows. As explained in the appendix, there are 2n nonlinear
restrictions on the 4n parameters contained in the matrices Iy, ..., ) SN
Conditional on a given set of values of II and of 01,...,0p, however, these
restrictions are linear. To exploit the computational convenience of this
linearity, I set the restricted estimates of H,Ql,...,ﬁp equal to the
unrestricted ones, and then imposed the 2n linear restrictions.

A test of the cross equation restrictions, as well as confidence
intervals around various parameter estimates, were constructed by
bootstrapping; in Rocke’'s (1989) simulations, bootstrap tests of linear
restrictions in a time series model ylelded accurately sized tests even in a
sample as small as that used here. Specificaily: the residuals from the
restricted regression were sampled with replacement and data were generated
recursively using the restricted estimates, with the actual historical values
as initial conditions. The unrestricted and restricted reduced forms were
estimated using the generated data, the usual.likelihood ratio statistic was
computed, and parameter estimates were computed from the restricted
regression. This was done 1000 times. The 95 percent confidence intervals
Treported below were constructed by dropping the lower and upper 2.5 percent of
the empirical distribution.

The appendix shows that the n free parameters in the matrices ry,, ..., T,

determine 2n linear combinations of the 2(n+l) parameters Bor: Boer -+ 1 Bags
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Bne- Two additional bits of prior information are needed to identify the
entire sets of g,;¢'s and g,,’s. The information I used were figures for Zjg,,
and £3g;,, picked to yield implied elasticities for sample means that matched
values estimated by others. Noland (1989) and some earlier studies using
Japanese data summarized in Goldstein and Kahn (1985) suggest an elasticity of
exports with respect to foreign output of about 1 to 5, of exports and of
imports with respect to the real exchange rate of about .5 to 5. From (1),
the long run elasticity of S, with respect to Qg evaluated at sample means is
(35,/3Q¢ ) (mean Qg /mean S¢) = (Zg;¢/Bos) (mean Qg /mean S.). We have
(38:/8Qq;) (mean Qg /mean §,;) = (3Sy/dexports) x [(Jexports/dQ. ) (mean Qg /mean
exports)] x (mean exports/mean §,). Since 35,/d(exports) = 1, then,
[ (dexports/dQq, ) (mean Qs /mean exports)] = (Zgit/gos)(mean Qg /mean §,). I thus
chose Zg;s so that 2 ~ (Zg,,/ggs) (mean Qq/mean exports). Similarly, I chose
Zg;, SO that 2 = (Zg;./Bos)[(mean e./mean exports) + (mean e./mean imports)].

Since mean exports and imports were each about a sixth of mean final
sales, the implied long run elasticities of sales with respect to foreign
output and with respect to the real exchange rate evaluated at sample means
are each about .3. As noted below, experimentation with alternative imposed
values for these elasticities resulted in very little change in final results.
C, Unit Roots and Lag lLengths

The first step in the empirical work was to model the trends in the
series, Univariate Dickey-Fuller tests were run on each of the four series.
See Table I, panel A. The p-values in the last column come from Fuller
(1976); simulations in Schwert (1988) suggest that these p-values are unlikely
to be misleading even in samples of the size used here.

The tests involved regressing the difference of each series on a
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constant, time trend, a lagged level and either none or four lagged
differences. Q-statistics (not reported) suggested that either lag length
sufficed to reduce the disturbance to white nolse. The t-statistics on the
lagged levels, reported in lines (1) to (4) of panel A of Table I, indicate
that the null of a unit root cannot be rejected in any of the series at
conventional significance levels.

To see whether second differencing appeared to be required to induce
stationarity, I then regressed the second difference of each series on a
constant, a lagged first difference and either none or four additional second
differences. The t-statistics on the lagged first differences, reported in
lines (5) to (8) of panel A of Table I, indicate that the null of a unit root
can be rejected for a lag length of zero but not for a lag length of four.
This latter lack of rejection, however, seemed to occur because of
collinearity among the regressors: none of the regressors was significant at
the five per cent level in any of the equations. Since examination of the
autocorrelations of each of the first differenced series (not reported)
suggested that each was stationary, I conclude that first differencing is
likely to induce stationarity in each of the four series.

Additional evidence consistent with this is in multivariate tests
reported in panel B of Table I. These tests were done as suggested in
Johansen (1988) and Johansen and Jusulius (1989), with the two tests differing
only in that the regressions underlying (l), (3) and (5) include both
constants and trend terms, those underlying (2), (4) and (6) only constants.
The bivariate tests in lines (3) to (6) were executed as a check on the four
variable tests in lines (1) and (2). All regressions include five lagged

levels of all four (lines (1) and (2)) or two (lines (3) to (6)) varlables.
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The p-values and computer code for these tests were kindly supplied by James
H. Stock. As may be seen in Table IB, none of the tests rejects the null of
as many unit roots as variables.

Of course, all these tests have low power against borderline stationary
alternatives, particularly since the sample includes only about 50 data
points. But I doubt that anything of importance hinges on the conclusion that
there are four unit roots in the four series: in an earlier, related study
using U.S. data (West (1990c)), I found little substantive difference between
difference stationary and trend stationary specifications. Thus I consider
the unit root assumption a convenient but not essential simplification, and I
do not consider trend stationary specifications as well only because I doubt
that they will produce qualitatively different results.

I now turn to selection of the lag lengths for the AX, and AY,
autoregressions in (7), for which I used asymptotic likelihood ratio tests
with the degrees of freedom correction suggested by Sims (1980). My aim is
not to select a best model in any traditional time series sense, but simply to
begin my analysis with an unrestricted reduced form that is as parsimonious as
possible and still consistent with the model and data.

Consider first selection of n, the number of lags of AX, appearing in
equation (7a), the reduced form for AY,. Tests in Table IIA suggest that four
lags are appropriate: the first lag of either or both variables are by
themselves insignificant (lines (1) to (3)), but tend to become significant
when lags 2-4 are included (lines (6), (9) and (12)). These additional lags
are significant as well (lines (5), (8) and (ll)) as are lags 1l-4 as a whole
(lines (4), (7) and (10)). I thus set n=4 in (7).

Table IIB presents some tests for lags of AQ, and &H, in the AY, vector
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autoregression, computed under the maintained assumption that n=4. It does
not appear that the AY, vector autoregression, which according to the model
includes only one lag of AH, and none of AQ,, is misspecified in the sense of
including an irrelevant lag of AH, (line (1)) or omitting relevant lags of AH,
and AQ, (lines (2) to (7)). Note in particular that one cannot reject the
null that an additional lag of 4Q, does not belong in the reduced form (lines
(2) and (6)). It is this test statistic that explains why the model does not
include a cost of changing production, which is standard in studies using U.S.
data (e.g., West (1990b)): it can be shown that such a cost will put a lag of
4Q, in the reduced form.

Consider now selection of p, the lag length of the AX, autoregression.

It may be shown that, according to the model, one possible reason that &4 lags
of AQs and Ae, would appear in the AY, equations is that p=4 as well. But
univariate tests on the AQ, equation reported in lines (1) to (4) of Panel A
of Table III suggest p-1 for the AQ, equation: when one lag is included, it
is highly significant (line (1)); when lags 2-4 are included as well, the null
that the additional coefficlents are zero is easily rejected (line (4)).
Bivariate tests reported in lines (5) to (7) of Table IIIA suggest that the
null that Ae, does not Granger cause AQg can not be rejected at conventional
significance ratios. I thus modelled AQg as a univariate AR(1).

The parallel tests for the Ae, equation are reported in Table IIIB. Once
again, lines (1) to (4) suggest that a good univariate model is an AR(1);6
lines (5) to (7) suggest that a univariate forecast is likely to be good as a
bivariate forecast. 1 thus modelled Ae, as a univariate AR(1l) as well.

In sum: in the notation of equation (7), p=1 and ¢, is a diagonal matrix.

Since the data seem to suggest that four lags of AQ, and e, are appropriate
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in the AY, equation (Table II), the implication is that n=4 in the demand
curve (1).

I have modeled AQ, and Ae, as evolving according to an exogenously
specified vector autoregression. Although I did not spell this out in the
discussion above, the solution of the model implicitly involves forecasting
AQq. and Ae, from this vector autoregression. If AQ, and/or AH, Granger cause
AQq or e., more efficient forecasts can be produced using this information.
Table IIIC tests for additions of such lags to the AR(l) process just
identified. There is mixed evidence, but it appears from line (2) that AH,
helps predict AX,. If so, it may be shown that, according to the model, there
should then be lags of AH, beyond the first in the AY, autoregression, which
is contrary to the evidence in Table IIB.

One possible reconciliation is to assume that the tests in lines (5) of
(7) of Table IIB and line (1) of Table IIIC incorrectly accept the null that
AX, evolves exogenously, the other that the test in line (2) of Table IIIC
incorrectly rejects that null. Given how short the sample is, I have decided
that the principle of parsimony calls for the latter resolution. So I will
proceed under the assumption that AX, evolves exogenously.

D, Empirical Results

I discuss in turn parameter estimates, variance decompositions, variance
decompositions under some alternative sets of assumptions, and a historical
decomposition of errors in forecasting GNP into cost, demand and foreign
components.

Table IV presents the unrestricted seemingly unrelated regressions
estimates of the four variable system. Constant terms were also included in

all four regressions but are not reported here, to conserve space. Table V
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has estimates of the restricted reduced form, with 95 percent confidence
intervals from bootstrapping in parentheses. Table VA indicates that the test
of cross-equation restrictions rejects at the .043 level. In comparing Tables
IV and VA, it appears that the numerical sense in which the data are unhappy
with the restriction is that the restriction substantially changes the
coefficients in the AQ, equation (as noted in the tables, R? falls from .38 to
-.28). It is unclear to me in what way the model should be modified to better
match the data. In the similar model in West (1990c) tests of overidentifying
restrictions also rejected, but a more loosely parameterized (and more
difficult to interpret) model yfelded substantively similar results. Whether
the same applies in the present case I have not shown. But in light of West
(1990c), I will proceed, though cautiously, despite the test statistic.

Table VB has estimates of the implied parameters of supply and demand.
Three of the estimated parameters (gos, g and goq) were also estimated in
West (1990c), for the U.S.. The point estimates of the demand curve slope gos
and the slope of the inventory marginal cost curve gog are quite similar to
those for the U.S. estimated in West (1990c), as is the slope of the
production marginal cost curve (though confidence intervals are so large that
the estimates are consistent with practically any hypothesis of interest).’
For the U.S., however, I estimated goq to be negative, and the positive slope
to the marginal cost curve came from steep costs of adjusting production. In
Japan, however, we see from Table VB and from the tests reported in lines (2)
and (6) of Table IIB that costs of adjusting production appear to be zero and
the positive slope to the marginal cost curve comes from steep production
costs. That costs of adjustment are larger in the U.S. than in Japan is

consistent with the results in Morrison (1988,pp21-22), who, using a
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traditional production function approach, found that over the 1960-1981 period
Japan had much excess capacity relative to the U.S..

The g;¢'s (the coefficients in the distributed lag on Qg in the demand
curve) begin positive and then turn negative. The point estimate of gy,
indicates that the instantaneous impact of a one point increase in the index
of foreign output (roughly 3 to é trillion yen, depending on the exchange
rate) results in a 214 billion yen increase in aggregate demand; the implied
elasticity at sample means is about 1.4, In the absence of further changes in
the index, aggregate demand shifts back partway; as noted above, the imposed
long run elasticity is about .3.

The instantaneous impact of a one point increase (depreciation) in the
index of the real exchange rate is a shift upwards in aggregate demand by
about 114 billion yen, yielding an implied elasticity at sample means of about
.74. In the absence of further changes, aggregate demand again shifts back
partway, with the imposed long run elasticity again being about .3. That the
initial impact of the depreciation is to shift aggregate demand upwards is
inconsistent with the J curve literature (e.g., Noland (1989)), but consistent
with a number of studies surveyed in Goldstein and Khan (1985). On the other
hand, it appears that it is unusual to estimate a long rum elasticity that is
smaller than a short run one. So these point estimates perhaps are
implausible.

Table VI has variance decompositions.®

The column labelled "foreign
residual™ has the contribution of V,, -E(V, |U.,Us) (the difference between the
innovation in the autoregression for AX, and its projection onto the cost and

demand shocks). For each horizon (between 1 and 12 quarters), the peicentage

of variance due to each shock-is given; the total may not add to 100 because
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of rounding.

The decompositions settle down quite quickly, requiring not much over a
year. This reflects the small size of the roots in the relevant
autoregressive polynomials. About one tenth of the movement in output s due
to costs, three fifths to demand, one third to foreign shocks. The last
figure emphasizes the degree to which Japan’'s economy ls open, since net
exports have been less than 5 percent of GNP (in absolute value), exports and
imports each less than 15 percent. The one third figure seems consistent with
the view in Komlya and Yasul (1984) that the world economy affects Japan
substantially beyond the extent that might be suggested by casual examination
of the level of trade flows. On the other hand, the one third figure is
perhaps higher than would be suggested by the vector autoregressions in Horiye
et al. (1987). This estimate, and, indeed, all the estimates in the table,
are very lmprecise; the 95 percent confidence intervals are far larger than in
my U.S. study (West (1990c)), perhaps because the sample here is only a third
as long.

About three fifths of the movement in Inventories is due to costs, almost
all the remainder to the foreign residual. I know of no direct or indirect
evidence of the plausibility of this large effect of the foreign residual,
which indicates that a very important role for inventories in Japan is to
buffer output from shocks to foreign output and the real exchange rate.

For both GNP and inventories, the fraction due to costs is distinctly
less than what I found for the U.S. in West (1990c), in which the figures for
output and Inventories were about one half and over 90 percent respectively.

& higher figure for the U.S. is not, however, surprising, given that U.S.

inventories move procyclically and Japanese inventories do not.
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As indicated in the foot to Table VI, most of the variance of 4Q is due
to foreign shocks. Even though, as noted above, Q, is largely U.S. GNP, the
small figure for costs (9 percent) is perfectly consistent with West’'s (1990c)
result that about half the movement in U.S. GNP is due to cost shocks: factors
that shift U.S. aggregate supply curve need not be perfectly correlated with
factors that shift the Japanese aggregate supply curve. This is also
consistent with Stockman (1988), who also found a substantial nation-specific
component to fluctuations in industrial production.

About three fifths the movement in the real exchange rate is due to cost
shocks, one tenth to demand shocks, one third to foreign shocks. The
predominance of cost shocks is consistent with the evidence for the dollar/yen
and mark/yen rate in Meese and Rogoff (1988).

Table VII reports the 8 quarter variance decomposition of some
alternative specifications. Line (l) repeats for convenience the result in
Table V. Lines (2) to (5) vary the assumed long run elasticity of S, with
respect to Qg and e, in accord with the range of parameter estimates reported
in section B. As may be seen, these have little effect on the decomposition.

Line (6) generalizes the cost function of (2) to

Co =~ BooQ® + Bon(He-BusSes1)? + 2Ucy (hHHQ,),

and considers the effect of setting gys to .5. The additional term, guysSis;, a
target level for inventories, may be rationalized as necessary to adequately
capture stockout costs (West (1986)). U.S. studies usually yield a value less
than 1; the aggregate data used in West (1990c) in fact delivered an

(insignificantly) negative point estimate.
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I imposed ggs~0 here because this was suggested by likelihood ratio
tests, which, after casual inspection, suggested that the likelihood declines
as gys increases from O; the decline becomes asymptotically significant around
gus=.5. The figures in line (6) of Table VII indicate that the results
somewhat sensitive to the value of gys (a result also found in U.S. data (West
(1990b))., I do not believe there is any particular message to be drawn from
this, other than to underscore the fact that the confidence intervals around
the point estimates in Table VI are large.

Figure IIT follows Blanchard and Watson (1984) in plotting AQ,-E,.4AQ,,
the error in forecasting changes in GNP 8 quarters ahead, and breaking down
this forecast error into three orthogonal components. The first 13 quarters
of the sample have been lost to initial conditions and to the need to forecast
8 quarters ahead. The contraction phase of the business cycle is again marked
by shading. That demand shocks are the most important source of output
fluctuations is evident from the graph. It may be seen that even though the
shocks are uncorrelated by construction, they tend to move together at
cyclical turning points. As has been found in many studies of the U.S.
economy, then, no single shock tends to dominate at business cycle turning
points.

The eye is drawn to the downturn of 1986:1, which the model attributes
mainly to demand shocks. I believe that this is consistent with conventional
wisdom: An anonymous referee has informed me that the 1986 Annual Report of
the Economic Planning Agency gives the proximate cause of this downturn as the
1985:4 appreciation of the yen, which in turn was a deliberate result of the
coordinated demand management that followed the Plaza Accord ;f September

1985. 1In terms of the present model, this argument gives the ultimate source
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of the downturn as coordinated shocks to foreign and Japanese demand; since
the 1985:4 foreign and Japanese demand shocks had a large commoﬁ compomnent,
the decomposition attributes most of the downturn to a movement in Japanese

demand (see the discussion at the end of part II).

IV, Conclusion

During 1975-1987, cost shocks are estimated account for about one tenth
of the movement in Japanese GNP, one half of the movement in inventories.

Most of the remaining movement in GNP is due to demand shocks, in inventories
to shocks to the output of some of Japan's major trading partners and to the
real exchange rate. While the point estimate of the importance of cost shocks
for GNP is, at least superfieially, inconsistent with simple real business
cycle theory that holds that demand shocks are of secondary importance in
explaining business cycles, the confidence intervals around this and other
estimates are so large that it is difficult to discriminate sharply between
simple real business cycle and other theories.

A priority for future research is to sharpen the estimates, to allow
better discrimination. One possibility is to extend the number of data
points, to allow more business cycle variationm, by lengthening the sample, or
by using monthly data. Another is to use economic theory to model the
determinants of foreign output and the real exchange rate, which in this paper
are modelled simply as an unrestricted vector autoregression. Finally, an
important and challenging extension is to allow for nominal shocks and nominal

rigidities.
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Footnotes
1. The real business cycle assumption that the goods market in isolation
determines output was suggested by Flood and Hodrick (1985), which makes the
slightly less stringent assumption that the asset market does feed into the
goods market, but only by revealing information about the value of unobserved
goods market disturbances.
2. It follows from West (1990c) that one could derive (1) in a general
equilibrium model, in which consumers maximize the present value of a utility
function that depends on leisure and consumption, by defining G(L)‘X, + Uy as
a shock to preferences that makes consumption more desirable relative to
leisure. But this seems to strain the notion of a.preferénce disturbance.
3. A cost of changing production often is included in (2), as is a cost of
having inventories deviate from a target level proportional to expected sales
(e.g., West (1990c)). These are excluded in the main part of the analysis
here because, as explained below, the empirical work glves no indication of
such costs being present. Results of some experimentation with a model that
nonetheless allows a nonzero target level are reported below.
4. Note that at a crude level, the model allows for growth due to capital
accumulation. Such growth may be reflected in constant and trend terms
assumed present in (1) and (2), since they allow both demand and the minimum
cost point of production to shift out over time. Obviously, a more
sophisticated treatment would be desirable.
5. The Economic Planning Agency’'s figure for the stock apparently includes
some public {nventories such as stocks of rice, and thus does not match up
exactly with my series for private inventory investment. But this just means

that my series for the level is off by a constant (namely, the level of public
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inventories in 1980:4), and adding a constant to the entire series has no
effect on unit root tests.
6. Some mild mean reversion in the spot yen/dollar exchange rate has been
noted before (e.g., Huizanga (1987)). The sharp estimate of a nonzero
autocorrelation at lag one in the index used here probably reflects the time
averaging of the point in time spot rate.
7. The large confidence intervals raise the question of the reliability of the
asymptotic tests used in selecting the lag lengths in the reduced form, since
such tests were able to reject a number of hypotheses quite sharply. That
bootstrap tests would likely lead to similar conclusions is suggested by the
perfect match between asymptotic and bootstrap tests of whether coefficients
in the unrestricted reduced form were significantly different from zero at the
95 percent level (not reported in any table; these bootstrap tests used the
unrestricted residuals rather than the restricted residuals used in Table 1IV).
Thus here as in West (1990c) the data yield sharper inferences about the
unrestricted reduced form than about the underlying parameters of interest.
8. Impulse response functions for the levels of the variables (not reported in
any table, to conserve space): positive demand shocks cause Q; and Q. to
increase, H, and e, to decrease; positive cost shocks cause Q, to decrease,
all other variables to increase. I am not sure what the explanation is for

the counterintuitive increase in inventories in response to cost shocks.
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appendix
Let B, be a normalization, Bowges+gaq. Then the matrices in (5) that have yet

to be defined are

(Al)

g, O b1

- 0

Bz B
B 1

Ag = v AL = + Do = Bot , Dy = g3t

1-1

where £, = -y 'gys and B, = By { (1+b) gos+gon) -

To solve for the cross-equations restrictions: Guess a solution for Y, of the

form
(A2) Y, = ¥y, + DX, + TyXeoy + ... + DpXeep + FU,

where the 2x2 matrices I, F, f‘l and I_‘,, are functions of the underlying structural

parameters. Define

T = (Tgff) = (Po's....Ta)",
2(n+l)x2

G = (Gg[Gy) = (Go',...,Gy')',
(n+l)x2

where I-‘t and I-‘, are 2(n+l) column vectors of coefficients on lags of Q. and e, in
(A2); G; and G, are the coefficients on Q; and e in the demand curve (1).

Substitute (A2) and (A2) led one time period into (5), using X, = (I+®)X,.y + ... +
(-@,)X¢p-1 + V5. Since the right hand side of (5) is zero, the coefficients on each

variable in the resulting equation must be zero. This implies

(A3a) bA;'I® + Al + A, = O,
(A3b) [bA,’ (I+l) + Ag]F = Dy+bD,,
(A3c) Po(Tg|T,) + By = Py(GglG,) + Py,

where: Py is 2(n+l)x2(n+l), with bA,'Il+A; on 2x2 its diagonal blocks, bA;' on the 2x2

band immediately above the diagonal, zeroes elsewhere; Py is 2(n+l)x2, Py =



A2

([(bAl'f‘l(Iﬂx)]’,...,(bAl'f‘,(-@n)]')'; P; is 2(n+l)x(n+l), with -Bo(l) in its (2i-
1,i) entries, -Bg(2) in its (2i,i) entries (i=l,...,n+l), -bB;(1) in its (2i-3,i),
-bB1(2) in its (2i-2,i) entries (i=2,...,n+l), zeroes elsewhere; P, =
([-bBy"Go(T+81) 1’ , ..., [-bBy'Go(-28,)]*) .

Eﬁuacion (A3a) just identifies the two unknowns in A, and A;. Equation (Alc)
embodies 4(n+l) equations that depend on only 2(n+l) unknowns (the elements of G,
and G,), apart from those parameters identified from (A3a); the aim is to impose the
overidentifying restrictions. Now, since U, is a random walk, and EaX U, ¥ 0, the
reduced form equation that was actually estimated was obtained from (A2) by

. -
differencing and substituting out for AX.: AY, = MAY,; + I'AX,; + ... + TaXe., +

Vye, Where
(A5) Ty = To@#ly, ... , Ty = To@y#Ty, Vi = FU, + DV,
Define the 2nx2 matrix I' = (I'¢|T,) = (I',...,T,’)’ where Iy and T, are each nxl

column vectors. Note that (A5) implies that for certain 2nx2(n+l) matrices T; and
T, that depend on the elements of &, ... , &, Tzf‘t-[‘t. T.f‘.-[‘.. This can be used to

transform (A3c) to

(Aba) Ty = PyGe,
(A6b) Ty = Pa1.G,,
where the 2nx(n+l) matrices P, and P;, depend on b, A, Ay, H, &, ... , &,. Py and

P;, are of rank n rather than rank n+l: the 4n equations in (A6a) and (A6b)
overidentify some linear combinations of the 2(n+l) elements of G, and G, but do not
identify all the individual coefficients. (Consideration of the order condition
necessary to identify the entire set of elements of G; and G, from the Euler

equation (5) suggests that the deficiency results since there are fewer lags of AX,
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in its AR(p) than lags of X, appearing in the demand curve (1).) As noted in the
text, to identify the individual elements of G, and G,, values for ZI;g,, and Tg,,
were imposed. One can then substitute out for one of the elements of each vector--

say, gor and gy,--in terms of the known values I;g,, and ZI;g;, and the 2n unknowns

Bifr - v - 1Bty Bles: - 1 8ne’
(A7a) Ty = PseGe + Pgz, G ™ (Bagiv+«+8Bag) ',
(A7b) T, = Ps,Gy + Peey Gl ™ (B1g0---1800) ",

vwhere Ps¢ and Pg, are each 2uxn, Pgs and Pg, are each 2nxl. This implies a set of n
restrictions on ' m (I'(|[,), where the restrictions are linear: wich the restricted
values of I, &,,...,%, held fixed at their unrestricted estimates, Ps¢, Pgr. Ps,, and
Pg, are matrices with known values.

Once the restricted estimates are available a restricted f‘o can be computed
from (A7) and (A5). Since F(EUU ' )F' = E(Vy-TgVpy) (Vye-ToVre)* (see equation (AS5)),
F and then h, o2 and o} can then be recovered from (A3b) as described in West
(1990¢) .

To compute impulse response functions and variance decompositions: Write the
projection of V,, on U, as PU,, where an estimate of P is obtained by OLS. So V, -
PU 4V, *, where EV,,*U,’ = 0 but the two elements of V,, are in general correlated
with one another. Write the 4xl vector of reduced form residuals as V, =
(Vye! Vio')" as

ToP+F Tl |U,
v, -
P Iy |Vee* |,
from which impulse response functions and variance decompositions can be calculated

in the usual fashion.
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Additional Appendix, pAl

tiona end
West, "Sources of Cycles Iin Japan, 1975-1987"

This appendix contains results omitted from the body of the paper to save
space. These are:

1. Asymptotic standard errors on the unrestricted reduced form.

2. Bootstrap standard errors on the unrestricted reduced form, computed by
sampling with replacement from the unrestricted residuals.

3. Impulse response functions

4. Description of asymptotic test of gus=0.



Independent
Variables
aHy
P 0.505
(0.086)
aQpp-1 16.51
(20.47)
Q-2 -9.420
(20.71)
&Qge-3 0.705
(20.44)
Qpe-4 81.07
(18.85)
seg gy -2.122
(3.658)
beag_p 10.88
(3.715)
bey.a -1.391
(3.741)
JLY" 8.449
(3.322)
Independent
Variables
aHy
4By -y

( 0.242, 0.659)

&Qgp-1 16.51
(-24.39, 56.64)

4Qgg-2 -9.420
(-56.51, 34.36)

8Qg¢-3 0.708
(-42.58, 46.69)

8Qpg-4 81.07
( 37.83, 126.8)

doy_y -2.122
(-10.37, 5.583)

Soy_3 10.89
( 2.649, 18.36)

deya -1.301
(-8.916, 6.187)

dog 8.449
( 1.091, 15.66)

Additional Appendix, pA2

1. Asyaptotic Standard Errora, Unrestricted Reduced Form

Dependent Variables

Qe
-0,127
(0.204)

85.73
(49.68}

45.11
(49.41)

-134.2
(48.77)

176.2
(45,20)

35.31
(8.244)

=45.92
(8.862)

43.55
(8.823)

-16.32
(7.925)

Any

0.429
{0.126)

2. Bootstrap Standard Errora, Unrestrictesd Reduced Form

Dependent Variables

aQ:

=0.127
(~0.602, 0.346)

85.72
(~19.71, 189.9)

45,11
(-65.58, 158.1)

~134.3
(-251.7,-25.22)

178.2
( 61.66, 266.2)

5.
( 17.85, 52.05)

~45.92
(-63.57,-27.46)

43.55
( 24.51, 61.06)

-19.32
(-36.16,-2.098)

0.429
(0.121,0.611)



Additional Appendix, pA3

3. Impulse responss functions

Responas to one standard deviation positive coat shock:

Quartaer H Q Qr L]
1 87.8210 $9.6381 1223223 3.41160
2 126.547 €6.0678 .3007 57 4.87626
3 173.624 36.8416 .327688 5.50525
‘. 201.241 13.1484 .337042 5.77526
5 256.193 -7.43257 .340291 5.80119
6 300.274 -21.2788 .341420 5.94096
7 329.103 -29.5683 L3182 5.96232
8 346,330 -34.4753 L341048 5.97151
] 356.122 -37.1375 L341005 5.97545

10 361.517 -38.5791 .342012 5.97714
11 364,428 -39.3477 .342018 5.97786
12 365.978 -39.7528 .342020 5.97818

Response toc one standerd deviation positive demand shock:

Quarter [ Q Qt .
1 10.5889 281.794 .B9068SE-01  -2.15281
2 22.8073 288.924 .120006 -3.07712
3 9.26433 297.789 .130751 -3.47307
4 -1.76612 305.073 REIYY.]) -3.64435
s =17.0923 311,068 135780 -3.71750
6§  -29.5368 315,182 136230 -3.74881
7 ~36.0196 a17.77% .136387 -3.76240
8 -43.3095 319.314 136441 -3.76819
8 -46.4347 320.192 136460 -3.77067

10 -48.215 320.680 . 136467 -3.77174
11 -48.2041 320.947 136468 -3.77220
12 -49.7428 321.081 136470 -3.77240

4. Daacription of Asymptotic Tast of gyq=0.

The likelihood ratio test for Hp:gyg=0 sgainst H,:gyc=.5 waz 2.46, agsinat H,:gpo=1.0 was 7.72. The asymptotic

distribution of this test atatistic is uncloar. But if ggg=0 is interpreted as the marximum of the likelihood

subject to gug20 (an interpretation that requires a leap of faith, not only because I have expsrimented with only

two positive values, but also becauss of the shortcut that I took in maximizing the likelihood [see section IIIB}),

the discussion in Gouriaroux, Bolly and Monfort (“Likelihood Ratic Test, Wald Test, and Kuhn-Tucker Test in Linear

Models with Inequality Constraints on Regresszion Parameters,” Econometrics 1980, 63-80) suggests that for a test of

size .05 one should refar to the .10 value for a xz(l) distxibution. This is 2.72.

the uppsr end of the 95 percent asymptotic confidence interval.

Thus gyg=.5 appears to the near



Table I
Tests for Unit Roots

A. Univariate Tests

Variable Lags tostatistic  p-value
(1) H, 0 -1.49 >.10
4 -2.47 >.10
(2) @ 0 -2.45 >.10
4 -1.25 >.10
(3) Q 0 -0.9 >.95
4 -1.53 >.10
(4) e ] -0.82 >.95
4 -1.46 >.10
(5) aH, 0 -4.88 <.01
4 -2.88 >.10
(6) 4Q, 0 -7.44 <.01
4 -2.46 >.10
(7) 4AQg 0 -4.51 <.01
4 -2.84 >.10
(8) Aley 0 -4.59 <.01
4 -3.18 >.10

B. Multivariate Tests, Four Variable' System
Test Statistic p-value

(1) Hp: 4 unit roots in H,, Q., Qg and e,, against 53.6 .14
Hp: no unit roots around deterministic trend

(2) Hy: 4 unit roots in Hy, Q., Qg and e,, against 44 .4 .18
Ha: no unit roots, no deterministic trend .

(3) Hg: 2 unit roots in H, and Q,, against 4.7 .92
Hy: no unit roots around deterministic trend

(4) Hy: 2 unit roots in H, and Q,, against 5.5 .99
Hy: no unit roots, no deterministic trend

(5) Hg: 2 unit roots in Qg and e,, against 15.2 .39
Hy: no unit roots around deterministic trend

(6) Hy: 2 unit roots in Q. and e,, against 5.1 .90
Hy: no unit roots, no deterministic trend



Table II
Lag Lengths in AY, Vector Autoregression

A. Lags of AQq and Ae, in AY, vector autoregression

Row No. of lags Lags tested Degrees of X2 p-value
equal to zero Freedom
AQgy  Aey AQse  Aey
(1) 1 1 1 1 4 1.73 .786
(2) 1 1 1 2 0.78 .675
(3) 1 1 1 2 1.15 .563
(4) A 1-4 1-4 16 47.43 .000
(5) A 2-4 2-4 12 45.92 .000
(6) 4 4 1 1 4 13.12 .011
%) A 1-4 8 25.57 .001
(8) 4 4 2-4 6 23.95 .001
(9) 4 4 1 2 2.30 317
(10) 4 4 1-4 8 31.34 .000
(11) 4 4 2-4 6 29.18 .000
(12) 4 4 1 2 11.43 .003

B. Lags of AH, and AQ, in AY, vector autoregression

Row No. of lags Lags tested Degrees of X2 p-value
equal to zero Freedom
AHy  AQ, AH, AQ,

(1) 1 0 1 2 21.24 .000
(2) 1 1 1 2 2.74 .253
(3) 2 0 2 2 1.17 .357
(%) 2 1 2 1 4 3.59 467
(5) & 0 2-4 6 2.44 .875
(6) 1 4 1-4 8 12.41 .135
(7) 4 4 2.4 1-4 14 15.20 .367
Notes:

1. The "no. of lags" in panel A is the variable "n" in equations (1) and (7a).
2. In panel A, all equations included a constant and one lag of AH,. 1In panel
B, all equations include a constant and four lags of AQ, and Ae,.



Table III
Lag Lengths in AX; Vector Autoregression

A. Lags of AQq and e, in AQg autoregression

Row No. of lags Lags tested Degrees of x? p-value
equal to zero Freedom
AQge  leg AQqe. Ae

(1) 1 0 1 1 11.56 .001
(2) 4 0 1 1 4.94 .026
(3) 4 0 1-4 4 7.71 .103
(4) 4 0 2-4 3 0.84 .841
(3) 1 1 1 1 2,21 .137
(6) 1 4 1-4 4 5.71 .222
(7) 4 4 1-4 4 5.24 . 264

B. Lags of AQq and e, in Ae, autoregression

Row No. of lags Lags tested Degrees of x* p-value
equal to zero Freedom
Qs ley AQge ley

(1) 0 1 1 1 8.72 .003
(2) 0 4 1 1 9.91 .002
(3) 0 4 1-4 4 11.52 .021
(4) 0 4 2-4 3 1.68 .642
(5) 1 1 1 1 0.96 .327
(6) 4 1 1-4 4 2.40 .663
(7) 4 4 1-4 4 2.62 .623

C. Lags of AH, and AQ, in AX, vector autoregressionn

Row No. of lags Lags tested Degrees of x? p-value
equal to zero Freedom
AH,  AQ, AH, aQ,
(¢8] 4 4 1-4 1-4 16 23.41 .103
(2) 4 o 1-4 8 18.76 .016
(3) o 4 1-4 8 5.97 .650
Notes:

1. The "number of lags in the autoregression” in panels A and B is the
variable "p" in equation (7b).

2. In all three panels, all equations included constants. In panel C, each
equation included one lag of the left hand side variable in addition to the
indicated lags of AH, and AQ,.



Independent
Variables/Summary
Statistics
&H,
aHp oy 0.505
(0.228,0.661)
AQgy-1 16.51
(-29.1,57.06)
Qg -2 -9.42
(-62.6,29.48)
AQgy-3 0.71
(-47.8,41.60)
8Qgy-4 81.07
(29.0,117.5)
dey.y -2.12
(-11.2,5.303)
aey 10.89
(1.43,17.64)
bey.y -1.39
(-9.33,5.45)
de, ., 8.45
(-0.41,13.80)
Q(21) 21.30
[p-value) [0.44)
R? .57

The reduced form is equation (7).

Table IV

Unrestricted Reduced Form

Dependent Variables

aQ,
-0.128
(-0.855,0.571)

85.73
(-188.8,125.5)

45.11
(-176.4,139.1)

-134.30
(-165.6,143.5)

176.15
(-169.3,120.5)

35.31
(-30.56,18.58)

-45.92
(-29.35,23.01)

43.55
(-27.94,23.84)

-19.32
(-27.48,23.39)

18.32
{0.63]

.38

Qg

0.347
(0.079,0.533)

18.67
(0.61]

.61

Constant terms were included in all regressions.

Ae,

0.429
(0.121,0.611)

18.95
(0.59]

.18

Asymptotic standard errors in parentheses.



Table V

Restricted Estimates

A. Reduced form

Independent Dependent Variables
Variables/Summary
Statistics
aH, aQ, 4Qqg, dey
AR,y 0.505 -0.128
(0.228,0.661) (-0.855,0.571)
AQge-1 13.99 -24.44 0.347
(-30.65,57.87) (-103.9,55.89) (0.079,0.533)
AQge-2 -14.95 -12.84
(-65.18,27.68) (-58.58,37.82)
AQgp-3 -4.18 -16.96
(-55.00,37.77) (-77.71,45.32)
8Qgp-4 72.76 -18.39
(9.01,108.5) (-96.99,56.29)
Aey g -2.61 -4,951 0.429
(-11.97,4.33) (-20.89,11.23) (0.121,0.611)
bdey_p 9.86 -3.600
(0.66,16.99) (-16.48,9.74)
bdey sy -2.13 -1.130
(-10.62,4.81) (-8.75,8.13)
ey, 6.73 -1.702
(-3.16,12.59) (-10.09,6.12)
Q(21) 20.51 15.81 18.67 18.96
[asymptotic [0.49] {0.78] [0.61] [0.59]
p-value]
R? .56 -.28 .12 .18

Likelihood ratio test of restrictions = 31.99 [bootstrap p-value = ,043]

95 percent confidence interval in parentheses, from bootstrap.



B. Scructural Paramecers

8os &on 8oq
0,258 0.095 0.742
(-1.172,1.689) (-1.713,0.365) (-0.757,2.170)
8ot [3%4 [ 473 [ 414 But
213.5 -102.2 -9.0 -15.9 -37.2

(-516.2,872.4) (-451.6,248.4)  (-83.1,70.8) (-97.1,56.4) (-175.0,106.8)

8oe Ble 820 B3e Bae
113.9 -53.2 -6.1 -0.6 -3.4
(-404.5,678.0) (-325.7,167.3) (-28.4,19.0) (-15.2,18.3) (-18.3,10.8)

95 percent confidence intervals in parentheses, from bootstrap. The parameters alre
related by the normalization 1 = gye+geq. The individual g 's and g,,’'s were
identified by imposing values for Zg,, and Zg,, consistent with the long run
elasticity of S, with respect to both AQ, and e, being approximately 0.3.



Table VI

Variance Decompositions

aQ, AH,
Foreign Foreign
Horizon Cost Demand Residual Cost Demand Residual
1 7.4 58.9 33.8 58.6 9 40.5

(0,79.4) (0.3,91.0) (0.2,97.4) (14.7,99.2) (0.0,57.5) (0.2,65.6)

2 8.1 58.4 33.5 57.5 1.6 40.9
(0.9,79.4) (0.5,89.1) (0.2,92.2) (16.8,96.8) (0.1,40.4) (0.9,64.5)

3 8.7 58.0 33.3 60.4 2.3 37.3
(1.2,79.4) (1.1,88.7) (0.2,90.3) (16.1,94.7) (0.6,41.0) (1.9,57.6)

4 9.0 57.7 33.3 60.4 2.8 36.8
(1.4,79.4) (1.3,88.4) (0.2,89.5) (17.6,92.7) (1.0,40.7) (2.8,57.4)

8 9.5 57.3 33.3 61.2 - 3.5 35.3
(1.5,79.4) (1.7,88.0) (0.2,87.9) (15.7,91.1) (1.4,44.8) (3.4,48.6)

12 9.5 57.3 33.3 61.2 3.6 35.3
(1.5,79.4) (1.7,88.0) (0.2,87.8) (15.6,91.0) (1.4,44.9) (3.4,48.6)

95 percent confidence interval in parentheses, from bootstrap. Additional estimates
(95 percent confidence interval in parentheses): h=-0.12 (-1.26,.45); (o0./04)=0.84
(0.05,1.93); breakdown for AQs,, for all horizons: cost=8.8 (0.0,40.7), demand=1.4
(0.0,26.4), foreign residual=89.8 (50.2,99.6); breakdown for Ae,, for all horizons:
cost=54.3 (0.7,79.4), demand=21.6 (5.4,89.1), foreign residual=24.3 (2.4,63.1).



Table VII

Effects of Alternative Specifications on 8 Quarter Decompositions

(1) 2y (3) (4) (5) (6) 7 (8)
Line LR Elas. of S, Variance Decompositions
with respect to aQ &H £Qy Ae
Q e gas cC D X c D X cC D X C D X
(1) .30 .30 0 10 58 33 61 4 35 9 190 54 22 24
(2) .15 .30 0 10 57 33 61 3 36 9 388 54 23 23
(3) 1.50 .30 0 10 55 36 61 5 34 9 091 54 18 28
(4) .30 .15 0 10 72 18 61 2 37 9 091 54 11 34
(5) .30 1.50 0 10 29 62 61 6 33 9 7 84 54 37 9
(6) .30 .30 .5 10 11 82 55 18 27 5 293 49 25 26

Notes:

1. Columns (2) and (3) report the approximate long run elasticities of S, with
respect to Qn and e, that were imposed in the estimation. In columns (5) to (8),
"C," "D" and "X" denote the percentage of variance due to costs, demand and the
foreign residual. Totals may not be 100 due to rounding.

2, Line (1) repeats for convenience the entries from Table VI,
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