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1. Introduction

Recent ewpirical studies of monetary policies in the United States and
Germany suggest that a simple reaction function provides a useful description
of Federal Reserve and Bundesbank policy. This reaction function posits that
the monetary authorities manage an overnight interest rate in order to limit
predicted deviations in inflation and employment from target levels.

In this paper we study post-war evidence for Japan to see if the same
specification for both the economy and the monetary policy rule is useful for
understanding Japan's economy and monetary policy. A recurrent theme in the
literature on monetary policy in Japan is that there are significant
differences in the both policy procedures and objectives as compared to other
industrial countries.

For example, there is considerable support for the view that the Bank of
Japan regards the exchange rate as a policy goal (Hutchison, 1988; Glick and
Hutchison, 1994). Moreover the structure of financial markets and the nature
of the transmission mechanism also appear to be quite dissimilar in Japan as
compared to other industrial countries. The relatively late and gradual
decontrol of interest rates in Japan is frequently cited as a factor that has
made quantitative control of credit aggregates an important policy tool.
Research reported in Chinn and Docley (1996) suggests that the transmission
mechanism in Japan seems atypical of industrial countries. In particular,
time series evidence for Japan suggests that a credit view of the transmission
mechanism might be relevant for Japan.

Finally, economists have drawn quite different conclusions about the
relative importance of monetary aggregates and interest rates as the Bank of
Japan’'s policy tool. Friedman (1984) cbserved that "Japan illustrates a
policy that is less monetarist in rhetoric than the policies followed in the
United States and Great Britain but %ar more monetarist in practice." In
contrast, Ito (1989) examined the behavior of the Bank of Japan over the same
period and concluded that "the Bank of Japan did not practice what monetarism
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preached... In particular, when there is an unexpected jump in money supply,
the base is adjusted to a new level (bygones are bygones) and a further
accommodation in growth is allowed in new "forecast." Ito (1989: 24) also
observes "An oral tradition among experts on monetary policy suggests

[tl1he Bank of Japan was politically defeated in 1972 and was forced to lower
the discount rate against its will... Therefore having money supply
established as a "target" the Bank now has a contingent weapon in order to
implement a necessary tightening (or interest rate hike) when it is needed.™
If a simple "international" reaction function captures monetary policy in
Japan it would be an important step toward resolving these issues.

Any set of restrictions that produce '"sensible" parameter estimates for
comovements of important economic variables and for policy reactiqn functions
for a single country are suspect in that the researcher has wide discretion in
adjusting the restrictions in order to justify preconceived ideas about how
the economy and the central bank interact. In this paper we propose an "out
of sample" test of a set of restrictions on a vector autoregression proposed
by Clarida and Gertler (1997). If these restrictions really are economically
meaningful they might also produce sensible results for Japan. If they are
not meaningful, the chance that they would produce sensible results for Japan
is remote. Our interpretation of the evidence presented below is that, with
minor adjustments, the same specification provides a useful framework for
understanding monetary policy in Japan. Perhaps the most interesting finding
is that the Bank of Japan appears to react to inflation over longer forecast

horizons as compared to other central banks.

2. Identifying the Bank of Japan's Policy Reaction Function

Clarida and Gertler (1997) provide an interesting identification
strategy for monetary policy. First they argue that in a simple vector
autoregression representation all past values of variables are determinants of
current policies. In contrast contemporanecus variables are naturally

separated into those that are jointly determined with the policy tool -- short



term interest rates, such as exchange rates and long term interest rates --
and those which are contemporanecusly independent of the policy tool such as
economic activity and prices. The set of jointly determined variables are, of
course, not independent. In principle, the central bank could choose any such
variable as the "policy tool" and simply solve for values for all the other
contemporaneously determined variables. In practice, central banks apparently
believe that a short term interest rate is the preferred variable toc control.
Figure 1 depicts several short term interest rates, including the money market
rate used in our analysis.

The basic identification problem is that central banks are to some
extent driven by economic variables and at the same time changes in the policy
instruments influence a subset of contemporanecusly determined variables.
Although the dynamics of this process are difficult to disentangle, there is a
general consensus on how to approach the problem. The standard methodology for
doing so entails use of some semi-structural modeling approach, such as a
structural VAR. Recent examples of this literature include Blanchard (1989),
Gali (1992), Walsh (1993), Bernmanke and Mihov (1995). A recent application to
the Japanese case is Kasa and Popper (1996).

The Clarida and Gertler approach to the problem is to place some
restrictions on the influence that innovations (forecast errors) for some
variables have on innovations of others. The first set of exclusion
restrictions divide variables into those that are predetermined in the time
period (a month) and those that are determined along with the policy variable.
Predetermined variables include retail sales, the consumer price index, world
commodity prices and the US interest rate. Contemporanecus policy variables
include the short term interest rate, the exchange rate and the money supply.

A virtue of this approach to identifying an economic system is that the
nature of the restrictions is fairly transparent. Nevertheless, it is clear
that a good deal of art has gone into this set of restrictions. We can get a
feel for the plausibility of the restrictions by examining the impulse

reaction functions to innovations in each of the variables. The specification



"test" is simply a comparison of what we think is reasonable with what the
data suggest, subject to the restrictions described above. While some set of
restrictions will probably force the data to confess to any preconception idea
about how an individual economy works, it is unlikely that a specification

that merely fits a data set will travel well to other countries.

2.1 A General Structural VAR

Following Clarida and Gertler let y, be m x 1 vector macroeconomic
variables and e, be an associated vector structural disturbances. The elements
of e, are assumed to be mutually orthogonal i.i.d. disturbances. They are
interpreted as being the exogenous shocks that drive the economy.

A general, nonstructural, expression that characterizes the time series

evolution of the vector y, is given by:

yt=cyt+EAiyc—i (1)
i=1

where C and A; are m x m matrices of coefficients, and where the diagonal
elements of C are equal to zero. Equation (1) expresses each element of y, as
a function of lags of itself, and the current as well as lagged values of all
the other variables in the system.

The key issue is to restrict certain elements of the C matrix to be
zero; this in effect sets certain contemporanecus effects to zero. Once one
estimates the C matrix, one can calculate the underlying "exogenous" shocks to
the economy (the e.'s); then using these e,'s and a transformation of the C
matrix, one can trace out the impact of each of these shocks on the economy.

In particular, one obtains a reaction function for each policy element of vy..

In practice, the coefficients are estimated by working with the forecast
errors from a reduced form VAR incorporating the restrictions, u,. To see

this, consider re-writing (1):



Ye © EBiyt-i tou, (2)
=1
where

B; = (I - O)1A; and u, = (I - C)te, (3)

Then the optimal forecast of y, (based on the variables in the VAR) is given

by (2). The forecast error is

Ug =y ~ Ec—lyc (4)
Then estimating:

u, = Cu, + e, (5)

2.2. Defining the Policy and Information Variables

We take as the policy variables the same ones as Clarida and Gertler
(1997) : the direct policy instrument (the overnight interest rate), as well as
any other variable that is indirectly influenced by the central bank within
the period. This includes the money stock and the exchange rate.

The non-policy variables are those that, by assumption, do ﬁot respond
within the period to the policy variables. These domestic non-policy variables
are industrial production, retail sales, and prices. Foreign influences are
represented by commodity prices and the US Federal Funds rate. We diverge from
the Clarida-Gertler model by including a variable representing bank credit.
This addition is justified by the apparent behavior of the Bank of Japan, as
discussed above.

The causal ordering adopted for the non-policy variable block is
uncontroversial: commodity prices (cp), industrial production (ip), retail
sales (ret), bank credit (bc), prices (CPI), and the US Fed Funds rate (ff).
The placement of the first two variables is clearly standard. The location of

the subsequent variables is debatable, but the results are not sensitive to



the particular ordering of these variables.
Within the policy variable block of the short term interest rate (rs),
real money stock (m) and the real exchange rate (er), the identification

scheme is as follows. Money demand and supply are given as:

u™ = ai®t + a,u’s + enm (6)

urs = Blucp + Bzum + BBUer + efs (7)

respectively (suppressing the time subscripts).

The exchange rate is assumed to respond to all the structural and
nonstructural shocks, so there are no restrictions placed on this variable's
behavior.

This identification scheme differs slightly from Clarida-Gertler, in
that money demand [equation (6)] depends upon retail sales, instead of
industrial production. The main reason for this specification is empirical:
inclusion of industrial production as a proxy for income yields an incorrectly
signed income elasticity. Hence, we use retail sales, which presumably proxies
more accurately for transactions demand for money (it alsc has the correct
sign when included in the regression).

Equation (7) is the key equation, as it represents how the Bank of Japan
reacts to various exogenous shocks and through which channels. The Bank of
Japan is assumed to react directly only to commodity price, exchange rate
forecast surprises and innovations in money demand. It reacts indirectly to

the US Federal Funds rate and other non-policy variables through the exchange

rate.

2.3. Data, Sample Period and Specification

The data frequency is monthly. When relying upon identification schemes
that impose zero restrictions on some contemporaneous effects, it is crucial
to use the highest frequency data available, and consequently monthly data is
the best choice. All the important non-policy variables are available (while,



for instance, industrial production is not available at higher frequency).

The data are drawn from the International Monetary Fund's International
Financial Statistics database (July 1996 CD-ROM) and extend from 1974:08 to
1994:12. Details are provided in the Data Appendix.

The interest rate is the overnight repurchase rate. The money supply is
broad money (narrow money plus quasi money) deflated by the Japanese CPI. The
exchange rate is the Yen/Dollar rate adjusted by the Japanese and US CPI. The
commodity price variable is the world commodity price index (based on US$
prices), converted into Yen equivalent using the exchange rate, and deflated
by the Japanese CPI. The industrial production and retail sales are real
indices. The bank credit variable is total credit extended to the private
sector. The price variable is the Japanese CPI. Several of the key variables
are depicted in Figures 2 and 3.

We estimate the nine variable VAR entering all the variables (except
interest rates) as first differences of the logged variables. Two
cointegrating vectors are also included as error correction terms:

(m - ip)
(ret - 1ip)

so that, technically, the specification is a vector error correction model
(VEQM) .

These long run restrictions are theoretically plausible. They impose
stationary long run velocity (after allowing for a deterministic trend) and a
long run relationship between sales and income. They are also empirically

justifiable, since cointegration tests reject the no cointegration null

hypothesis.

The VAR is ordered as:

(Acp, Aip, Aret, Abc, Ap, ffr, rs, Am, Aer | (m-ip), (ret-ip))

where the | separates the error correction terms, which are treated as

exogencus .

We include lags of up to 12 months to account for the seasonality in
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Japanese data. However, for the sake of parsimony, we include only lags 1-3,
6, and 12.

2.4, Empirical Results

In Table 1, the results of the key regressions are reported. Consider
the first regression. This equation states that innovations in money demand
respond positively to innovations in retail sales, a proxy for transactions
demand, and negatively to interest rate shocks. This accords remarkably well
with theory, although none of the coefficients are statistically significant.

Next consider the exchange rate equation. Most of the coefficients are
not statistically significant. However, those that are significant conform to
theory; a positive innovation in the Japanese short term interest .rate
appreciates the Yen, while one to the US Federal Funds rate depreciates it.

The Bank of Japan's behavior is summarized in the second equation. It
states that the Bank of Japan responds to a positive commodity price shock by
allowing the short term interest rate to rise. A one percent innovation in
commodity prices induces a 3 basis point increase in interest rates. On the
other hand, there is no apparent resporise to money demand shocks. This implies
that shocks to money demand are fully accommodated in order to smooth interest
rates. An exchange rate shock also has some effect, according to the point
estimate. The monetary authority increases interest rates in response to an
exchange rate innovation. The estimate is not, however, statistically
significant. The weakness of these results may reflect the fact that the Bank
of Japan does not react strongly within the month to innovations in the other
variables and rather focuses more on lagged information. This is Clarida and
Gertler's interpretation of similar results for the Bundesbank. '

One would like to know if the estimates implicit in these regressions
are consistent with our views of the propagation mechanism. In Figure 5a,
impulse response functions are shown for a variety of shocks. The variance
decomposition for the interest rate is presented in Table 2.

The graphs indicate that, for instance, the response of the interest



rate to an industrial production shock makes sense--it rises over time.
Interest rates also rise in response to an inflation shock. A US Federal Funds
shock also raises Japanese short term interest rates, while depreciating the
Yen.

Notice that the responses of key variables to a shock in the short term
interest rate make sense: industrial production drops and the exchange rate
appreciates. The finding that inflation rises immediately after the interest
rate shock is counterintuitive, but is a common finding, for both the US and
Germany. An historical decomposition of the short term rate is presented in

Figure 6.

3. A More Structural Interpretation of Bank of Japan Policy: Output and
Inflation Targets

The reaction function derived in Section 3 above is rich in its
implications. It provides, for instance, the reaction of the unforecastable
component of the policy instrument to a shock in commodity prices. However, it
is difficult to compare the estimated reaction function to objectives that a
typical observer would think important -- such as inflation and output, and
perhaps other variables. Hence, in this section, we express the sﬁort term
interest rate as a function of expected deviations from target output and
target inflation.

While this approach is seemingly quite different from that reported in
the previous section, in fact the two are consistent in the sense that the
"expected" values of inflation and ocutput, as well as the estimated target
output and inflation rates, are derived from the VE(M of the previous section.

This means that the modeling of expectations and long-run equilibria is not

purely ad hoc.

3.1. The Reaction Function

Let rs. be the nominal interest rate, rs.” be the Bank of Japan's target

for this interest rate, and rrs, be the ex ante real interest rate, such that



- k
IS, = IS, * M-

k -
Me-j = Projox ~ Pe-j

n*.; is the inflation rate from period t-j to t-j+k. Then express the Bank of

Japan's interest rate target function as:
rsf = E (mk;) + rrs® + yPIE (nk;) - n*¥] + yiP(E (ip, - ip:) ] (11)

The * superscripts denote target values, and the expectations operator, E.

t

is conditional on the information set (defined in Section 3) available at time
t.

Equation (11) indicates that the Bank of Japan targets the nominal
interest rate as a function of the expected inflation "gap" and tﬁe expected
output "gap". When these deviations are zero (so that the target inflation
rate and output level are achieved), then the targeted interest rate equals

the sum of the expected inflation rate and the target real interest rate.
. It is assumed that the Bank of Japan does not exactly set the short term
interest rate at its target level; hence the actual interest rate is described
by a partial adjustment mechanism, such that it is a weighted average of the
target rate, and lagged actual rates, viz.

K
rs, = Arsg + (1-A) [Z w,rs. ;] + €,
1=1

; (12)
such that Y w; =1
=1

Since the central bank can operationally set the short interest rate exactly,
equation (12) is interpreted as a description of internal decisioﬁ making
processes which preclude large and drastic changes in market interest rates.
Returning to equation (11), notice that the specification implies that
the target rates are the long run equilibrium rates implied by the VAR used by
the central bank. This implies that in setting the targets, the central bank
accepts that it camnot affect long run values of the real interest rate and

the real level of output (potential GDP). Of course, due to the presence of
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nominal rigidities, the central bank can affect output and real interest rates
in the short run.

There is one additional difficulty in modeling the interest rate
targeting behavior in Japan which does not arise in the German case. That is
that there is a secular decline in both the interest and inflation rates in
Japan; both of these variables revert to a mean in Germany. This suggests re-
writing equation (5) in terms of a real interest rate target. Shifting the

expected inflation term to the left-hand side yields:

rs¢ - E (n;) = rrs{ (57)
* k * ; ] . *
rrsl = rrs + YP[E (me-y) - =] + yP[E (ip, - ip{)]
To account for the possibility that the Bank of Japan also targets other
variables, such as commodity prices and the real exchange rate, we generate
targets for these variables too, and enter them to the regression in a fashion

analogous to the manner in which the output gap is entered.

3.2, Modeling Inflation Gaps

A key issue is the measurement of expectations of future inflation, and
implied gaps, and at what horizon to measure them. Following Clarida and
Gertler, we consider three alternatives: one-year-ahead, infinite horizon, and
backward loocking.

The first one, looking forward one year, is quite reasonable. It sets
the expected inflation gap as equal to the expected inflation rate over the

next twelve months minus the equilibrium inflation rate over that interval,
k
Et(nf;—j) - n*k - Et(nltz) _ nﬁlZ

In the second case, the Bank of Japan is concerned with cumulative inflation.
In other words, the deviation of interest is the gap between the expected

inflation in the infinite future and the equilibrium, also in the infinite

future,
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Et(n‘g_j) - w** = 1lim Et(n‘;) - nrk
koo
Since in the long run, the expected must converge to the equilibrium, by

substituting in the definitions for =* and =n.'*, one obtains the result that:
k .
Ec(n(_-_j) - R k = _Ec(pc - pg)

This result means that the central bank will raise interest rates if the
equilibrium price level is above the expected current price level (recall that
the current price level is not observed at time t). While the reversal of
signs is at first glance mysterious, the intuition is straightforward. When
the trend price level (p*) is above the current level, inflation (the first
difference of log prices) is expected to be higher than trend before attaining
equilibrium; the central bank therefore wishes to raise interest rates to
counter this inflation burst.

The final altermative is the one-year backward looking specification

considered by Taylor; it defines the gap as:
Et(nlé-j) = ntk = E (me ) - T2

where the expectation operator is still relevant because the current price
level (p.) used to calculate the inflation rate is not observed at time t.

We now turn to a discussion of the determination of the long run
equilibrium values for inflation and output. It is clear that estimation of
such "targets" is of central methodological concern. In the traditional
approach, the trend would be defined by the fit from a regression of the
actual series on some polynomial in time.

Here we equate target levels with the permanent component of the series
(either price levels or output levels). Since the variables of interest appear
to be integrated of order one [I(1)], the permanent component from a

Beveridge-Nelson (1981) decomposition is a natural variable to use as the
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target.?!
Consider any nonstationary series, z; by the Wold decomposition
theorem, the first difference of z, w, = z, - 2., can be expressed as a moving

average process:
We = b+ €+ A€+,

The e's are called innovations since they are unpredictable on the basis of
past information. The expectation of z.,, conditional on time t data is given
by:

2,(k) = E(Zopl----1200,2,)

=z, + W (1) + ... + ¥ (k),

In words, this means the best forecast of z is equal to the current z, plus
expected changes between now and period k. Using the expression for w, one
sees the best forecast of w at horizon i is a weighted sum of the past

innovations, plus a constant. This fact, combined with the previous equation

means that at very long horizons (large k)

o 0

Z2,(k) =kp + [z, + Y A)e. + Y Ade, + ...]

1 2

Ny
nd
=
n

kp + z,

Beveridge and Nelson identify the terms in the square brackets as the
"permanent " component of z. This makes sense if one views the "...permanent
component [as]...the long run forecast of the series adjusted for its mean
rate of change" (Beveridge and Nelson, 1981:156). In practice we set k = 240
(i.e., 20 years), so that:

Zo= oz, + PE0R (1) s @ (2) ¢ L.+ B0 - k)

Typically, the permanent component is computed using univariate predictions of

This is a common procedure. Clarida and Gertler (1997) as well as
Dominguez (1996) define the target rates as the Beveridge-Nelson permanent
components of the respective variables.
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w; in this paper the estimates are obtained from the vector error correction
model described above.

Figure 7 presents nominal interest, inflation and real interest rates
and their respective long run equilibrium values. Figure 8 then presents the
infinite horizon inflation and output gaps, while Figure 9 presents the same

for commodity prices and the real exchange rate.

3.3. Empirical Results

Inflation and Output

The results of estimating the reaction function are reported in Table 3.
For the basic specification including only industrial production and inflation
gaps, one obtains different results depending upon whether the 12-month ahead
inflation gap or the infinite horizon gap is used. If the former is used, the
point estimate indicates that the Bank of Japan reduces interest rates in
response to a current positive output gap. This is clearly counter-intuitive,
although the estimate is not statistically significant.

When the infinite horizon inflation gap is used, the coefficient signs
are in accord with theory and statistically significant. A one percent
inflation gap induces a 0.43 percentage point increase in interest rates; a
one percent output gap induces a .79 percentage point increase. These are
remarkably similar to the estimates obtained for the Bundesbank of 0.36 and
0.69, respectively. The implied equilibrium short rate is 5.42%.°?

It is of interest to compare these results to those obtained if one
assumes that the real short term interest rate is being targeted,'as in
equation (5'). Then one obtains the results in Table 4. Once again, the 12-
month ahead forecast yields an implausible (but not statistically significant)
point estimate; it implies the Bank of Japan reduces real interest rates by

half a percentage point in response to a one percent inflation gap. In

The backward looking gap failed to produce any meaningful results, as
the estimates were of incorrect sign, and not statistically significant. This

result makes sense if one believes that the Bank of Japan 1is locking forward,
rather than backward,
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contrast, the infinite horizon forecast produces much more reasonable
estimates. They indicate that a one percentage point inflation gap yields a
.41 percentage point increase in interest rates; a one percent output gap
produces a .85 percent increase.?

Overall, the results suggest that indeed the Bank of Japan acts much
like other central banks. However, it targets long-horizon inflation gaps as

opposed to 12-month-ahead gaps.®

Inflation, Output and Exchange Rates

Given recent work arguing that the Bank of Japan targets the exchange
rate as well as inflation and output (see Glick and Hutchison (1994) among
others), we investigated whether exchange rate gaps also entered into the Bank
of Japan function. We constructed an exchange rate gap similar to the output
gap. Using the 12-month ahead forecast for inflation, one obtains the results
in the top panel of Table 5 for the nominal short rate. They indicate that the
exchange rate target does not enter significantly in either economic or
statistical terms.

Since the 12-month-ahead results are not promising, we focus our
attention on the infinite horizon results. They imply that an inflation gap of
one percentage point induces a .441 increase in interest rates; an output gap
induces a .603 increase. Holding all else constant, a one percent exchange
rate gap (the Yen 1% weaker than equilibrium, in real terms) provokes a 0.04
percentage point decrease in the short term rate. Once again, this estimate is
not statistically significant.

Considering the secular trends in interest and inflation rates, we

restate the equation in terms of real interest rates. The results are reported

While the implied equilibrium real interest rate is fairly high, it is
important to remember that the 2 standard errors band
would easily encompass a value of zero.

We also implemented regressions allowing for asymmetries in ‘the reaction
function, as Clarida and Gertler do. While the point estimates indicate some
difference in responses when output is below potential versus when it is
above, the difference is not statistically significant.
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in Table 6. In the 12-month inflation horizon case, the output and inflation
gap coefficients are not much changed from the nominal interest rate case.
However, the exchange rate gap now makes sense -- a one percent gap in the
real exchange rate causes the Bank of Japan to raise the real short term
interest rate by 10 basis points.

If the infinite horizon is used instead of the 12-month horizon, then
one finds that a similar, albeit smaller, response is obtained for the
exchange rate gap. The point estimate in the estimated equation is also not
statistically significant. This suggests that we have obtained mixed evidence

for targeting of the real exchange rate.?®

4. Conclusions

The evidence reported above supports the view that monetary policy in
industrial countries is characterized by remarkably simple and similar
reaction functions. Central banks adjust a very short term interest rates in
response to innovations in prices and ocutput. But it is worth repeating that
this is not a simple story that the central bank raises interest rates when
inflation is "high" or employment is above trend. To the contrary, the
central bank is assumed not to react to the permanent component of shocks to
policy goals. This is consistent with the "bygones are bygones" view of
monetary policy. This also means that secular changes in the level of
inflation, for example, are a martingale with, in the case of Japan, a

negative trend.

The commodity gap never enters into the regression with any

statistically significant coefficients, so we eschew discussion of those
results.
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Appendix L
Data Sources and Definitions

The data is of monthly frequency and covers the period 1974:08-1994:12.
Bank Credit (DC): "Domestic Credit" (IFS line 32).
Industrial Production (IP): (IFS line 60..c).

Retail Sale (RET): Retail Sale Value, Index Number in Real Terms, from OECD
Main Economic Indicators.

Consumer Price Level (CP): (IFS line 64) for both US and Japan.

Real World Commodity Price (COM): World Commodity Price Level in US Dollars
(IFS line 00176axd) adjusted by US Consumer Price Index (IFS line 00164x) .

US Fed Funds Rate (FFR): Short term interest rate (IFS line 60b).

Japan Short term interest rate (rs): Call Money Rate (IFS line 60b) [Short
term rate between financial institutions].

Money Supply (M): Money (IFS line 34) plus Quasi-money (IFS line 35) deflated
by CPI.

Exchange Rate (ER): Yen/Dollar rate (IFS line ae) at end of month.
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Table 1
Structural VAR Estimates From Over-Identified Model

u® = 0.00265 u™t - 0.3925 u™ + e"

(0.041) (2.2984)
u™ = 0.00033 u*™ + 0.0008 U™ + 0.0024 u**r + e ™
0.0008) (0.0036) (0.0031)
u® = -0.0332 u™ - 0.0333 u® + 0.1900 u™ - 0.1717 u®™ + 0.3292 u¥®

(0.1040) (0.2044) (0.1701) (0.6505) (0.4415)

- 44.9251 u™ + 12.1830 uff* - 0.0846 u" + e °r
(9.3268) (4.1076) (0.3547)

Notes: The sample is 1974:08 - 1994:12. Estimation is done by instrumental
variables. For the u*™ equation the instruments are u®® , u®, u™ , u® , u¥. For
the u" equation, the instruments are u™", u®* , ur , u® , u*, e *. For the u
equation, the instruments are u*™ , ui, w* , u® , u¥, e, e". Standard errors
in parentheses.
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Table 2
Variance Decomposition for the Nominal Interest Rate

Sample 1974:08..1994:12

com

Hori zon e PG G R
6 2.98 3.28 0.71 0.89 0.66 7.48 0.10 81.76 2.10
12 7.15 2.67 0.96 0.63 0.94 23.28 0.47 57.64 6.23
24 13.83 2.38 2.66 0.73 1.64 42.16 1.59 29.52 5.44
48 11.26 5.01 558 1.75 1.52 50.08 4.77 16.81 3.19
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Table 3
Bank of Japan Reaction Function, Nominal Interest Rate

‘ 1

12 Month Inf]attdn Forecast
Dynamic Partial Adjustment Equation

s, = -0.025 + 6.260(x ;-1 *) - 0.9114(ip,-ip,) + 1.301 rs,, - 0.225 rs,, -0.08lrs,
(0.091) (2.541) " (0.704) (0.075) (0.122) """ (0.079)

The sample is 1975:9-1994:12. Estimation is done by 1nstrum§nta1 vqr1ab1e§ The
1Q§trumegts are,a consfant, r§zl FSea MSia *étA rS,s s, (n° ), (x

4 T w)' (n ata " ), (m ). up to Six 1ags of past indlistrial

gap and e L.e L e e R = 0.@3, D.wl=2 008. Standard errors in
parentheses.

Imp11ed Equat1on for the Target Day to Day Rate

n/a

Inf1n1te Hor1zon Inf]at1on Forecast
Dynamic Partial Adjustment Equation

s, = 0.488 + 3.909%(p"-p) + 7. 085*(1pt— ip,) + 1.103 rs,, - 0.171 rs_,. -0.022 rs,_
(0.117) (1.029) (1.903) (0.082) (0.107) (0.069)

The sample is 1975:9-1994:12. Estimation is done by instrumental variables. The
instruments are a constant, rs,, rs,, r§¢3 PSees VSig Mg UP to s1x lags of past
industrial gap and inflation gap and e Loe e = 0.97, D.W.=1.91.
Standard errors in parentheses.

Implied Equation for the Target Day to Day Rate

= 5.422 + 43.430%(p* -p, ) + 78.720*(ip, - ip*)
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Table 4
Bank of Japan Reaction Function, Ex Ante Real Rate

12 Month Inf]at1on Forecast
Dynamlc Part1a1 AdJustment Equat1on

= 2.065 - 16.650(x'"*,-n ) + 42.452(ip, -ip,) +0.052 rs
(0.707) (12.287) (13.102) (0.09%)

0.606 rs,, - 0.003rs, ,
(0.147) (0.088)

The sample is 1975:9-1994:12. Estimation is done by 1nstrum§nta1 vgriables. The
1Q§trumegts are, 2 con§tant r§11 PSes MSis Q§5 t% PSee (B°py - 1 7). (m

ﬁ) X o six lags of past 1ndu§tr1a1
gap and et . e, . e, R =0 §9 D.W. 1 794 Standard errors in
parentheses.

Imp11ed Equat1on for the Target Day to Day Rate

= 6.090 - 49.118%(x'*, - &) + 125.23%(ip, - ip*)

Infinite Horizon Inflation Forecast
Dynamic Partial Adjustment Equation

s, = 1.868 + 14.564%(p"-p) + 29. 904*(1;3t ip,) + 0.266 rs_, +
(0.352)  (3.064) (6.086) (0.069Y

0.115 rs,, + 0.267 rs,.
(0.074) (0.062)

The sample is 1975:9-1994:12. Estimation is done by instrumental variables. The
instruments are a constant, rs,, rs,, r§¢3 PSee TS Smrst6 up to, s1x lags of past
industrial gap and inflation gap and e, ", e™, , €, , &",. R* = 0.67, D.W.=1.90.
Standard errors in parentheses.

Implied Equation for the Target Day to Day Rate

rs.’ = 5.307 + 41.376%(p,* -p,) + 84.958%(ip, - ip*)
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Table 5
Bank of Japan Reaction Function, Nominal Interest Rate
Exchange Rate Gap Included

12 Month Inflation Forecast
Dynamic Partial Adjustment Equation

rs, = 0.254 + 3.535%(n” -n"") + 5.722%(ip,-ip, ) - 0.029(er,-er,) +
(0.220) (3.730) (5.191) (0.512)

1.227 rs,, - 0.202 rs,, - 0.070rs,
0.101) (0.122)" (0.078)

The sample is 1975:9-1994:12. Estimation is done by instrumental vapjables, The .
instruments are a gonstanf, rs,; [S., Sy, S ISy S (" ;-2 ) (", , -17)
(n B e (- T ). (n s~ % ). up to six ﬁags of past industrial gap
ande™, ., e , . e, . e . R = 0.97) D.W.=1.91. Standard errors in parentheses.

Implied Equation for the Target Day to Day Rate

rs, = 5.644 + 78.556%(n'°,-n ) + 127 .14%(ip,-ip,*) - 0.644*(er -er,’)

Infinite HbrTzon fﬁf]atféﬁwﬁbkgéast

Dynamic Partial Adjustment Equation

rs, = 0.046 +3.746%(p -p) +5.126*(ip,-ip, ) -0.309%(er,-er.)
(0.118) (1.030) (2.705)

+1.131 rspr
(0.307) (0.088)

- 0.174 rs,, - 0.042 rs, ,
(0.106) (0.071)

The sample is 1975:9-1994:12. Estimation is done by instrumental variables. The
instruments are a constant, rs,, rs,, r

2 S, rs . rs . up to six lags of past
industrial gap and inflation gap and e, "™ & "€ RE=0.97. D.W.=1.95,
Standard errors in parentheses.

Implied Equation for the Target Day to Day Rate

rs. = 5.432 + 44.072%(p,-p,) + 60.311*(ip,-ip,) - 3.637*(er -er,’)
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Table 6
Bank of Japan Reaction Function, Real Interest Rate
Exchange Rate Gap Included

12 Month Inflation Forecast
Dynamic Partial Adjustment Equat10n

= 2.406 - 30.677%(x',-n0) + 62, 899*(1pt ip,) + 4 242%(er,-er,”) -
(0.753) (14.291) (16.487) (1.917 )
0.005rs, , + 0.592rs,, + 0.008rs

(0.100) (0.153)° (0.091)

The sample is 1975:9-1994:12. Estimation is done by 1nstrumsnta1 vgriables. The
1nﬁtrumeng§ are g constapt rs

, TS zﬂgstB PSc 4 M'Ses MSe (e - 1 7). (=
(% - 7). (3 ) "

m

n ),
K 2 s - % ). up £0 six 1ags of past 1ndustr1af gap and "
e, . e, ﬁ = 0.55, D.W=1. 78 Standard errors in parentheses:

Imp11ed Equat1on for the Target Day to Day Rate

= 5.941 -75.742%(x"%, - &%) +155.297%(ip, - ip,*) +10.473*(er, - er,’)

Inf]n]te HOP1ZOH Inf1at1on Forecast - o
Dynamic Partial Adjustment Equation

=1.87/3 + 14.383*(p*-p) + 34, 964*(1pt-1p DY 036*(er,-er, )+
(0.354) (3 086) (8.439) (1.191)"
0.253rs, , + 0.120rs, , + 0.271rs

(0.071)" (0.0745° (0.062)

The sample is 1975:9-1994:12. Estimation is done by 1nstrumenta] variables.
instruments are a constant, rs

The
1 MSp, IS, P§;4 Sis I'Ses upzto six lags of past
industrial gap and inflation gap and e o e €. € . = 0.67, D.W.=1.92. Standard
errors in parentheses.

Implied Equation for the Target Day to Day Rate

= 5.261 + 40.402%(p* - p, ) + 98.214%(ip, - ip*) + 2.910%(er, - er’)
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Figure 1 Short Term Interest Rate
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Figure 2 Inflation, Output Growth and Interest Rates

Sample 1974:09..1994:12

Inflation

[
o

N
o

20 L ]
29974:081 976:111979:021981:051983:081985: 111988:021990:051992.08

Output Growth

~60Q, 74661576 117675 031 587.051553 01585 1 11988 071990.051892.08

Interest Rates

9974:081 976:111979:021981:051983:081985:111988:021590:051992:08



Figure 3 Exchange Rates and Interest Rates

Sample 1974:08 1994:12
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Figure 5.A Impulse Response to IP Shock
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Figure 5.A Impulse Response to Inflation Shock
Response of Industrial Production
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Figure 5.A Impulse Response to inéiation Shock
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Figure 5.A Impulse Response to Domestic Credit Shock
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Figure 5.A Impulse Response to Fed Fund Shock
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Figure 5.A Impulse Response to Money Shock
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Figure 5.A Impulse Response to Nominal Rate Shock
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Figure 5.A Impulse Response to Real Exchange Rate Sho
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Figure 5.A Impulse Response to Commodity Price Shock
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Figure 6 Historical Decomposition of Interest Rate
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Figure 7 Interest Rates and Inflation
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Figure 8 Inflation Gap,Output Gap and Interest Rate

Infinite Horizon case, here is 20 years ahead
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Figure 8.A Commodity Price Gap, Real Exchange Rate Gap and Interest Rate
Infinite Honzon case, here is 20 years ahead
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