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I. Introduction

The relation between money stock and income has always been one of the key
points at issue in the dispute between Keynesians and non-Keynesians.

There are two main trends in the development since the 1970s of empirical
studies in the monetarist tradition. The first type utilizes Granger Causality to analize
mainly the relation between money stock and nominal income. This type of empirical
study can be interpreted as an extension of studies carried out by Friedman and
Schwartz (1963). In that sense, it is a development in line with the orthodox monetar-
ist. The methods which have exerted the greatest influence are developed in Sims
(1972) and (1980).!

The second type of study attempts to verify the empirical validity of the proposi-
tion advanced by Lucas, Sargent, and Wallace: that anticipated fluctuations in the
money stock do not have any influence on actual economic activities, even in the
short run. This — hereinafter, the LSW proposition — is in line with rational expec-
tation wing of the monetarist school. Specifically, the first development of the empir-
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1. See Okina (1985) for a detailed overview of this line of studies of Japanese economy.
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ical method was achieved by Barro (1977). Since then, various criticisms and sugges-
tions have been made from the viewpoint of both economic theory and econometric
method by Small (1979), Leiderman (1980), Fischer (1980), Mishkin (1983), etc.

This paper attempts to survey the development of empirical studies on the
validity of the LSW proposition as it applies to the Japanese economy.

First, we will survey studies that, essentially, adopt Barro’s method. Studies
along this line have been done by Pigott (1978) and Seo and Takahashi (1981).

Real output is generally dependent on various factors. Even if real output is the
function only of “unanticipated price fluctuations”, these are dependent not only on
“unanticipated fluctuations in the money stock” but also on “unanticipated fluctua-
tions in other variables”. However, since variables other than unanticipated errors in
the money stock are left out of the list of independent variables used in the Barro-
type tests, these factors may produce bias. Some of the results obtained by Hamada
and Hayashi (1985) can be regarded as taking this point into consideration.

The second criticism is the standpoint, exposed by Fischer (1980) and others,
that attatches importance to nominal wage rigidity: if a labor contract is in effect for a
long period of time, wages will be rigid for that duration, and the LSW proposition
would not hold. As far as the Japanese economy is concerned, the important ques-
tion is whether to regard nominal wage levels as being unchanged from the time they
are determined at the time of one year’s “Shunto”, the annual spring wage negotia-
tion, until the next Shunto, or as being flexible as a result of changes in the size of
bonuses and overtime allowances. Taniuchi (1982) centered on this point.

Thirdly, Parkin (1984) claims the importance of seasonality and trends in testing
the LSW proposition. After demonstrating that the treatment of seasonality and
trend have a significant influence on his empirical results, Parkin insists that the
Classical model (including the LSW proposition) is more capable of explaining the
Japanese economy than the “Keynesian” model provided the moving average type of
seasonal adjustment often used in the earlier studies is properly modified. Here, in
addition to introducing the points at issue, we will indicate some reservations about
Parkin’s findings.

The fourth critique emphasizes that while Barro assumes rational expectations,
his empirical study fails to fully exploit the cross equation restriction between money
supply equation and the output equation. A new empirical methodology was devel-
oped from this standpoint by Mishkin through his series of studies. We will take up
Gochoco (1986) as an empirical example involving the application of this method to
the Japanese economy.

A preliminary summary of the conclusions obtained from the survey just dis-
cussed is as follows:

(1) The test results of the LSW proposition concerning the Japanese economy
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consistently suggest that the LSW proposition does not hold despite the following
improvements in empirical methodology,

i) refinement of the output equation and the money forecasting equation in
line with reality (Seo and Takahashi (1981), and also Hamada and Hayashi
(1985));

ii) relaxation of the assumptions regarding the nature of errors (Hamada and
Hayashi (1985)); and

iii) adoption of a more effective test method (Gochoco (1985)).

(2) Using Granger Causality, Parkin (1984) suggests that LSW proposition is sup-
ported if original data are used. However, Parkin’s result cannot be said to be
persuasive enough to disprove the findings of earlier studies. There are two reasons.

i) Empirical studies using Granger Causality, such as the one conducted by
Parkin (1984), are designed to test the LSW proposition corresponding to
the Classical model containing specific simple output functions. They are not
necessarily tests that correspond to the usual Classical model.

ii) The fact that empirical results using Granger Causality are sensitive to the
selection of the method of seasonal adjustment not necessarily mean that the
Barro/Mishkin type tests noted earlier are also sensitive to the selection of
the method for seasonal adjustment. In fact, Gochoco (1986) suggest that
the LSW proposition is rejected in the case of either seasonally-adjusted or
seasonally-unadjusted data.

(3) Taniuchi (1982) and Gochoco (1986) offer two alternative explanations for the
failure of the LSW proposition. Taniuchi’s findings suggest that the LSW proposition
is rejected because the assumption of rationality of expectations is not satisfied due to
the existence of an annual wage contract based on “Shunto” negotiations, while
Gochoco’s findings suggest that the LSW proposition is rejected because it fails to
meet the assumption of neutrality.

Finally, as the agenda for future study, several remaining problems of empirical
study will be pointed out. While considering these points may make it even more
difficult to establish the LSW proposition, examination of these points is extremely
useful in further deepening our knowledge of the operative features of the Japanese
economy.

In Section II, a survey on the empirical tests of LSW proposition is undertaken
by going through the works of Pigott (1978), Seo and Takahashi (1981), Hamada and
Hayashi (1985), Taniuchi (1982), Parkin (1984), Mishkin (1983) and Gochoco
(1985).

Then in Section III, the conclusion of this paper are summarized into four
problems for the future; the problems of information set at the time of expectation
formation, degree of freedom, observational equivalency, and function of price.



44 BOJ MONETARY AND ECONOMIC STUDIES APRIL 1986

II. Empirical Test of the LSW Proposition in the Japanese Economy

Empirical test of the LSW proposition as it relates to the Japanese economy was
initiated with Pigott (1978), which followed in the footsteps of Barro (1977). Since
then, studies undertaken by Seo and Takahashi (1981), Taniuchi (1982), Parkin
(1984), Hamada and Hayashi (1985), Gochoco (1985), etc. have been published.
Below we will introduce the significance and problems of these studies one by one.

1. Barro-type Verification by Pigott (1978)

Pigott (1978) was the first researcher to attempt a Barro-type test of the Japa-
nese economy. On the basis of the money supply (M;) forecasting equation shown in
Table 1, Pigott divided changes in the money supply between those anticipated and
those unanticipated and measured their influence on real GNP as well as mining and
industrial production (Table 2). As a result, Pigott found:

1) As evidenced by the fact that the coefficients of changes in anticipated money
stock variables (for t=0, 1) are significant, anticipated changes in the money supply
have an impact on the real economy, at least in the short run.?

2) Coefficients of unexpected changes in the money stock are only slightly signifi-
cant, the influence of the unanticipated level of money stock on real economic
activities, especially real GNP, is small.

This is clearly a rejection of the LSW proposition, and as such is in marked
contrast to Barro’s study of the U.S. economy, which supports the LSW proposition.
However, if we want the results to be reliable, the output equation must be of proper
reduced form, and the division between the anticipated money and the unanticipated
money must be fully reliable. This was also a point at issue in verifying the influence
of Barro (1977)’s unanticipated money stock changes on the unemployment rate.
Small (1979) criticized Barro’s findings and cited empirical results to back up his
claim that (1) Barro’s formulation for predicting the money stock is inappropriate,
and (2) Barro’s formulation of the natural unemployment rate is arbitrary. Although
Barro (1979) countered this by insisting that his basic findings could be upheld even if
Small’s criticisms were taken into consideration, it is undeniable that the robustness of
Barro’s empirical findings has been called into question. Merrick (1983)’s criticism of
Barro is also based on this point, and Seo and Takahashi (1981) discussed in the next

2. Since Pigott assumed a priori neutrality of money in the long run (that is, the sum of coeffi-
cients concerning anticipated money stock and unanticipated money supply in the output
equation is zero), changes in the money stock in the long run have no influence on output.
However, the legitimacy of this condition is placed in doubt for a Barro-type test.
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section, also takes the same point into consideration.
2. Seo and Takahashi’s Results

Seo and Takahashi (1981) can be regarded as a reexamination of Pigott’s find-
ings in terms of the money forecasting equation and the output equation. Seo and
Takahashi, regarding as problematic the low precision of Pigott (1978)’s M, forecast-
ing equation, considered Pigott (1978)’s findings unreliable because the specification

Table 1 Money Forecasting Equations’

Period: 1958:1 - 1970:1V
DMIA(t) = .02 + .044 x DRSA(t—1) +.052 x DRSA(t—2) +.209 x DMIA(t—1) +.226 x DMIA(t-2).
4.43) (1.21) (1.35) (1.41) (1.75)

Period: 1971:1 - 1977: 111
DMIA(t) =.020 — .533 x| DJCPI(t—2) — DUSCPI(t—3) |+ .576 x DMIA(t—1).
(4.43) (-3.00) (5.41)

Summary Statistics for the Entire Sample
R? (adjusted) = .36
Standard Error = .015
1958: 1 - 1970: IV? = 012
1971:1-1977: 1II® = .017
Rho =.009
Durbin-Watson = 1.97
Sample Period = 1958: 1 - 1977: 111
Number of Observations = 79
Sum of Coefficients of DRSA =.096
(2.88)

Notes:1. The estimates were derived from a single equation applied to the entire sample, using multiplicative
dummy variables.
2. DMIA= Difference between the current and previous quarter’s logarithm of seasonally-adjusted M, .
DRSA = Difference between the current and previous quarter’s logarithm of seasonally-adjusted
gold and foreign-exchange reserves.
DIJCPI = Difference between the current and previous quarter’s logarithm of the Japanese CPL
DUSCPI = Difference between the current and previous quarter’s logarithm of the U.S. CPI.
3. This is the square root of the sum of squared residuals divided by the number of observations;
these are not strictly comparable with the standard error of the entire sample.
4. Figures in parentheses are “t” statistics.
Source: Pigott (1978)
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Table 2 Summary of Regressions of the Activity Variables on the
Money Growth Components

The estimate equation was:
7 . 7 4 .
aX(t)=a, +a, xT+ .)Soaz(l)DMP(t—i) + 2 ga(i)DMR(t—i) + .zfq(i)AX(t—n),
1= 1= i=

where 2X(t) is the activity variable, T is a time trend, DMP is predicted money growth and DMR is unantici-
pated money growth. The 2X, DMP, and DMR were also expressed as percentages (i.e. multiplied by 100).

Changes in:
Explanatory variables Lolg)r‘:)fdllﬂg‘il;;ﬁal LogGol\fHBeal
Constant 236 (3.06) 2.50 (4.07)
Time (Trend) —-0.02 (-2.33) -0.02 (-2.72)
Anticipated Money Changes: (DMPy)
t= 0 052 (199 047 (1.73)
-1 0.51 (1.52) -0.23 (-0.50)
-2 0.16  (0.46) 0.11  (0.24)
-3 -1.20 (-3.52) -0.39 (-0.87)
—4 0.89 (2.40) 0.56 (1.28)
=5 —-0.08 (-0.21) —-0.29 (-0.65)
-6 -1.35 (-3.78) 0.19  (0.45)
=17 0.54  (1.87) -0.42 (~-1.72)

Unanticipated Money Changes: (DMRy)

t= 0 0.03 (0.29) 0.12  (1.02)
-1 -0.09 (-0.61) —-0.10 (-0.63)
-2 -0.16 (~1.10) 0.04 (0.20)
-3 -0.42 (-2.82) -0.03 (-0.19)
-4 043  (2.67) 0.23 (1.3D
-5 0.06 (0.34) -0.28 (-1.56)
-6 -0.22 (-1.27) 0.01 (0.00)
=7 0.38 (2.26) 0.02 (0.13)

Lagged Dependent Variable: ©X¢)

=-1 053  (4.19) 0.43  (3.51)

-2 0.06 (0.46) 0.06 (0.41)
-3 0.07 (0.55) 0.02 (0.18)
-4 -0.10 (-0.90) -0.20 (-1.69)

Rho (Cochrane-Orcutt correction) -.03 -.58

R? (adjusted) .73 .30

Standard Error of Regression 1.38 1.34

Number of Observations 71 71

Period 1960: 1-1977: 111 1960: I-1977: 111

Note: Figures in parentheses are ““‘t” statistics.
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of the M, forecasting equation is not necessarily appropriate.’

Seo and Takahashi, after a careful examination of the statement made by the
Chairman of the Bank of Japan’s Policy Board, indicated that throughout the 1960s
and the 1970s, the Bank of Japan attatched importance to balance of payments,
prices and effective demand, but that in the 1960s, the Bank tended to stress external
balance (balance of payments), while in the 1970s it tended to stress internal balance
(Table 3). Seo and Takahashi obtained an M, + CD forecasting equation consistent
with the subjective policy objectives of the Bank of Japan for the two decades (Table
4). Furthermore, Seo and Takahashi generalized the output equation by taking into
consideration the changes in the growth rate of natural output brought about by the
First Qil Crisis as well as those in the oil price as a proxy for its disturbance effect.
The empirical results obtained by combining the M, + CD forecasting equation and
the output equation are shown in Tables 5 and 6.

The results are summarized by Seo and Takahashi as follows:

Table 3 Reasons for Discount Rate Changes Announced by the Policy Board

Date Size of | Balance of | Exchange | Wholesale | Effective Date Size of | Balance of | Exchange | Wholesale | Effective
Change Payments Rate Prices Demand Change Payments Rate Prices Demand
(%) (%)
60 8 -0.36 © O 137 0.50 O ]
61 1 | -037 8 1.00 O o
7 0.37 o] O 12 2.00 ©
9 0.36 o] O 75 4 -0.50 o]
62 10 -0.36 o 6 -0.50 ©
11 | -037 (<] 8 | -050 o
%63 3 | -0.36 10 | -1.00 0
4 [ -037 77 3 | -0.50 [¢)
‘64 3 0.73 (o] 4 -1.00 o
65 1 -0.36 ] @] 9 -0.75 ¢}
4 -0.37 [¢] O 78 3 -0.75 [¢] o] O
6 -0.36 (@] 79 4 0.75 @] (@] o
K YA 0.36 © @] 7 1.00 ©
68 1 0.37 (o] O 11 1.00 e} ]
8 | -037 ) 80 2 1.00 ¢] @]
69 9 0.41 [} O 3 175 ¢] (]
70 10 -0.25 (e} O 8 -0.75 (¢
711 -0.25 O (e} 11 -1.00 ©
5 -0.25 O (]
7 | -0.2s O o
12 -0.50 O [o]
"2 6 | ~050 o o
73 4 0.75 0 o
5 0.50 O e}
Notes: O primary reason O secondary reason

Source: Seo and Takahashi (1982)

3. However, there is no a priori standard in the rational expectations model with which one can
determine how precise a certain variable should be. Thus the low precision of a forecasting
equation itself cannot be regarded as being contrary to rational expectations.



48 BOJ MONETARY AND ECONOMIC STUDIES APRIL 1986

(1) With regard to the Japanese economy from 1965 — 1980, the anticipated changes
in the money supply exerted influence on real GNP as well as on mining and indus-
trial production (though the influence was not always stable);
(2) Unanticipated changes in the money supply exerted a more definite influence
on actual economic activities than did anticipated changes.

Seo and Takahashi concluded* that, while the significance of the anticipated
money stock may be different from Pigott’s findings, the LSW proposition is tenta-
tively rejected by thus changing the money forecasting equation and the output

Table 4 Seo and Takahashi (1981)’s Money Forecast Equations

For the 1960s (1961: 1 to 1969: 1V)

DM; = 2.223+0.378DM;_1+0.317DM;_2+0.054DM¢_3—0.180DM;_4

(2.662)(2.107) (1.453) (0.230) (—0.867)
+0.074RGNP;_1+0.022RGNP;_2—0.165RGNP;_3-0.021RGNP;_4
(0.906) (0.317) (~2.597) (—0.298)

—0.374WPI;_ | —0.142WPI;_7—0.056WPI;_3—0.259WPL;_4
(=2.672)  (~0.232) (~0.233) (~1.146)

—0.011CA¢_1+0.033CA;_2-0.007CA¢_3—0.000CA¢_4
(-0.663)  (2.202) (~0.357)  (~0.347)

2 =0.629 S.E.=0.467

For the 1970s (1970: I to 1980: 1V)

DM; = 0.619+0.312DM;_1+0.294DM;_+0.373DM;_3-0.024DM;_4
(1.663)(1.979) (1.320) (1.470) (~0.098)

—0.029D1;_1+0.002DI;_7+0.012Dl;_3+0.010DI;_4
(-2.404)  (0.095) (0.676)  (0.741)
+0.016CPI;_1—0.134CPI;_7—0.107CPI;_3-0.071CPI;_4

(0.170) (-2.006) (—1.368) (—0.804)
R? =0.859 S.E. =0.490
Notes:
DM M, + CD (seasonally-adjusted, log difference from previous term)
RGNP Real income ( same as above )
DI Index for judging short-range business conditions nationwide
WPI Wholesale price index (seasonally-adjusted, log difference from previous term)
CPI Consumer price index ( same as above )
CA Current account balance (seasonally-adjusted)

Numbers in parentheses are t-values
Source: Seo and Takahashi (1981)

4. Seo and Takahashi, referring to observational equivalence and other problems associated with
using a reduced form equation, regarded these findings as “tentative”.
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equation. However, in Seo and Takahashi, as the low Durbin-Watson values in Cases
(1) and (2) of Table 5 and 6 indicate that, errors in the output equations have strong
serial correlation and suggest the possibility of misspecification. In the next section,
this point will be examined.

3. Exogeneity of Errors and Coefficient Bias
— Hamada and Hayashi (1985) —

Hamada and Hayashi (1985) uses monthly data to reexamine the M, forecasting
equation (using the ratio of foreign currency reserves as the explanatory variable
instead of the current balance, and using the Chow test to statistically detect the
structural changes). As a result, Hamada and Hayashi conclude that the M, forecast-
ing equation has shifted in accordance with the adoption of the floating exchange
system, and the change in this parameter suggests that the exchange rate has replaced
foreign exchange reserves as an important policy objective (Tables 7, 8).°

Meanwhile, the output equation is formulated in much the same way as in Seo
and Takahashi (1981). But the First Oil Shock is treated differently because the oil
price index is not included while the oil shock dummy (January 1974 and after = 1,
before = 0) is, and fourth order auto-regression

U = P11+ Pou_» + P3u._3+ P4u,_4 + white noise
is assumed for the error term.

The auto-regression was assumed for the error term because the results of Pigott
(1978) and those of Seo and Takahashi indicate a strong serial corelation. However,
since £, — P4 are all insignificant, this expansion is not thought to have been very
important.

According to the above framework, as shown in Figure 1, the anticipated money
stock has a significant influence on real output (the F value is significant at the
1-percent level). In the M, forecasting equation, the results of estimates shown in
Table 7A were used for the period of fixed exchange rate system, and those shown in

5. The use of monthly data has the clear advantage of increasing the degree of freedom, but it is
unclear whether it is actually reliable to use the month as a unit of duration for testing the LSW
proposition. Although Hamada and Hayashi (1985) do not delve into this point, it may be
somewhat unrealistic to expect people to make projections about money stock every month
and adjust their production accordingly. Moreover, considering the fact that the Bank of Japan
announces its money stock supply forecasts every quarter, it is difficult to regard monthly
change in the money stock as a policy response. Consequently, it may also be difficult to
interpret the M, forecasting equation as a function of the response by the monetary authorities.
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Table 5 The Regressions of Real GNP with Money Supply

APRIL 1986

Estimate Equations of

1), 3)

Estimate Equations of

9
-+ RGNP( = bo+ ZbIi(DMR)t_i+b2 TRND1+b3TRND2+b4OILP +vt.
=

9 9
-+ RGNPy = bo+ Ebii(DMR)c—i* _):8’]iD/RrIt,ﬁszRND1+b3TRND2+b4OILPt+vt.
1= 1=

2),4
Equation

E\)}g:'?:t?lt: i ) t-value @ t-value 3 t-value S t-value
CONST. 1026 | 382.80 | 1039 | 268.69 | 110.38 | 115.29 | 110.43 | 63.61
DMR; 1.09 1.47 042 | 059 | 032 070 ]| 031 0.71
DMR;_ 191 271 179 | 225 0.98 1.68 1.12 1.81
DMR;_» 203 | 285 2.65 3.33 165 | 246 | 235 3.30
DMR;_3 0.81 111 1.39 1.80 | 096 130 | 168 | 225
DMR;_4 0.88 120 1.07 1.36 1.36 177 | 200 | 2.62
DMR;_s 1.02 140 1.45 1.87 1.64 | 211 210 | 2.85
DMR;_g 0.84 1.18 1.02 2.43 1.49 1.95 168 | 227
DMR;_7 0.05 | 007 1.56 1.98 1.20 1.77 1.97 2.98
DMR;_g —071{ —100 | 007 | 009 | o086 1.48 124 | 2.05
DMR¢_g -136 | -1.81 | —0.18 | -0.21 0.10 | 021 0.65 1.32
DM, 164 | -1.71 0.57 0.90
PM;_, ~1.86 | —1.58 ~1.15 | —1.98
DMt 1.59 1.28 0.73 1.13
DM¢_3 0.62 0.50 0.63 1.05
DMt—4 ~0.33 ] —0.30 0.97 1.69
DMt-5 034 | —0.31 075 1.43
DMt—6 —0.17 | -0.17 ~0.18 | -0.35
DM_7 0.12 | o012 011 | 020
DM _g ~0.86 | —0.92 —041 | —0.86
BM;_g 057 | 073 088 | 179
TRNDI1 260 | 63.39 265 | 53.58 | 240 | 14.25 172 | 419
TRND2 126 | -17.83 | -1.40 | -1558 | —1.05 | —4.16 | —0.28 | —1.53
OILP 647 | -7.18 | —7.92 | —7.80 | -4.44 | —2.66 | —2.30 | -2.03

R? 0.997 0.998 0.998 0.999

S.E. 0.019 0.016 0.012 0.010

D.W. 0.578 0.682 2.045 1.682

o 0.859 0.927

Notes: CONST
RGNP

DM

DM
DMR

Equation (3), (4) are both estimated in

Fixed number

Real GNP, seasonally-
adjusted, log difference

from previous term

M, + CD, seasonally-
adjusted, log difference

from previous term

Anticipated value for DM

DM - DM

Cochrane-Orcutt procedure.
Source: Seo and Takahashi (1981)

TRND1 Trends from 1965 — 1973
TRND2 Trends from 1974 — 1980

OILP Qil price index, log difference from
previous term
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Table 6 Money Supply and Industrial Production

imate Equati £ 9
Estimate Equations of /1p _ po+ ZB1(DMR);—i#b) TRND1+b3TRND2+b40ILPc+v,
=z

(1), (3) o
Estimate Equations of 1, _ . o i(DMR),_;+ 2b'tibMs_+b2TRND1+b3TRND2+b4OILP+v.
2, @® i=0 =150
Equation
E\);giai[:;lt; i 1) t-val. @ t-val. 3 t-val. ) t-val.
CONST. 364 | 5019 | 394 | 4243 | 401 | 1023 | 423 | 1632
DMRy 463 | 232 | 342 | 260 | 123 | 129 | 1.03 | 149
DMR;_ | 447 | 236 | 458 | 239 | 137 | 207 | 277 | 262
DMR;_2 2.87 149 | 442 | 230 | 103 | 071 | 350 | 289
DMR;_3 1.87 | 097 397 | 212 | 119 | 073 | 408 | 3.16
DMR;_4 164 | 087 | 337 179 | 159 | 095 | 404 | 3.10
DMR;_; 246 | 126 | 306 | 277 | 233 140 | 405 | 3.8
DMR¢_g 250 | 131 | 370 | 337 | 267 1.61 | 403 | 361
DMR¢_7 ~0.85 | —044 | 297 1.57 127 | 085 | 361 | 3.20
DMR¢_g 289 | —1.51 | —0.15 | —0.08 | 065 | 053 | 262 | 248
DMR;_g 231 | -1.15 154 | 075 | 039 | 043 144 | 178
DM, 575 | —2.49 _0.81 | —0.79
DMy ~2.00 | —0.71 —041 | —044
DM;_) 328 | 111 136 | 130
DM;_3 0.12 | 0.04 237 | 230
DM;_4 —0.74 | -0.28 2.08 2.15
PM;_5 0.52 0.20 2.32 2.71
DM;_¢ 059 | 024 028 | 033
DM¢_7 025 | 0.10 073 | 0.83
DM¢_g ~1.36 | —0.60 070 | 088
DM _g 040 | —0.21 0.83 | 1.04
TRND1 294 | 2750 | 294 | 2526 | 170 | 259 | 126 | 2.03
TRND2 168 | —9.11 | —1.82 | -843 | —043 | —0.63 | 021 | 037
OILP 13.82 | -5.62 |-16.79 | —6.88 | —6.31 | —1.64 | —1.53 | —0.49
R? 0.975 0.986 0.994 0.997
SE. 0.051 0.039 0.025 0.017
D.W. 0.433 0.594 1.215 1.406
o 0.941 0.939
Note: IIP; industrial production index, seasonally-adjusted log. See Table 5 for definitions of other

variables.

Equations (3), (4) are both estimated in Cochrane-Orcutt procedure.
Source: Seo and Takahashi (1982)
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Table 8 were used for the period of the floating exchange rate system.

Although Hamada and Hayashi (1985) use somewhat different M, forecasting
equations to conduct the same calculation, the results are nearly the same. These
results, like those obtained by Pigott (1978) and by Seo and Takahashi (1981), seem
to suggest that anticipated money stock has an influence on real output.

Furthermore, in Hamada and Hayashi (1985), the relation between output and
fiscal expenditure is checked from the standpoint that it is wrong to assume the errors
in the output equation to be exogenous.

Let us first show the relation between y, and p, from a conventional IS-LM curve
instead of the monetary total demand index. That is,

ye =f — Br + vy, IS curve (D
m=p,+yi+ &r + vy, LM curve (2)
where,

yi: defined as the deviation from the full employment output corresponding to

the natural unemployment rate,

my: the money supply, p, the general price level, and vy, and v, are the in-

dependent white noises. All the variables will be measured with logarithm
unless otherwise stated,

fi: the fiscal expenditure, and r, the nominal interest rates (in anti-logarithm).®

If the total demand function is shown by eliminating r, from (1) and (2),

1)
mtzpt+AYt_Xt_—B Vig + Vo, (3)
+ & oy
(WhereA= IBT,Xt=7ft).

From the demand balance condition combining (2) and the simple Lucas-type de-
mand function, we obtain

Ei1P = E;imy + B X, 4)
and

ye = a(m, — Ei_ymy) + a(X; — B X)) + uye, (5)
( where E,_; Z, denotes the expected value of Z, given the information at t-1).

Here, if, in place of (5), output equation is calculated with

y: = a(m, — E,_ymy) + u,,

then,

ue = a(X; — E1Xy) + uyy

6. As a general formulation, it may be possible to take into consideration the influence on interest

rates of the expected rate of inflation, but for the sake of simplicity, this effect will not be
considered here.
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Table 7 Hamada and Hayashi (1985)’s Money Supply Forecast Equations (1)

A. October 1965 — January 1973

virible  esmate vl Rl b Gvalue
DMi_1 -0.319 (-2.20) DIP_{ —0.0245 (~0.45)
DMi_» 0.00872 ( 0.06) DIP{_2 --0.0330 (-0.59)
DM¢_3 0.0855 ( 0.56) DIP_3  —0.000806 (—0.02)
DM;_4 0.109 ( 0.73) DIPt_4 -0.100 (-1.94)
DM;_j5 -0.0100 (-0.07) DIPt_5 -0.116 (-2.12)
DM¢_¢ 0.215 ( 147) DIPi_¢ -0.174 (-3.24)
DM;_1 0.0187 ( 0.13) DIPi_7 0.0364 ( 059
DM¢_g -0.114 (-0.88) DIPt_g 0.108 ( 1.74)
DCPI;_ 0.159 ( 1.48) RRSV{_ g 0.000490 ( 0.06)
DCPly_y 0.0830 ( 0.76) RRSV{_3 -0.000458 (-0.04)
DCPI;_3 —00121 (-0.12) RRSVi{_3 0.0108 ( 0.92)
DCPlt -4 0.0575 ( 0.53) RRSVt_4 -0.00348 (-0.29)
DCPlt_5 0.137 ( 1.20) RRSVi_5 -0.0207 (-1.73)
DCPli_g  0.0132 ( 0.12) RRSVi_g 0.00794  ( 0.74)
DCPIt_7 -0.0555 (-0.50) RRSV{_7 0.00412 ( 0.04)
DCPl_g -0.0257 (-0.24) RRSV(_g 0.00885 ( 1.20)
Intercept 0.0128 (213
R? =0.565. Standard error of regression = 0.00409.
Mean of dependent variable (DM;) = 0.0144.
Standard deviation of DMy = 0.00493.
B. February 1973 - December 1982
Grigbie  estmate PYOE Vil (e CYolue
DMi_1  -0.153 (-1.51) DIP_; —0.0605 (~1.29)
DMt-.2 -0.203 (-1.99) DIPt..2 0.0328 ( 0.69)
DM¢_3 0.134 ( 1.37) DIPt-3 0.00339 ( 0.07)
DM¢_4 0.175  ( 1.83) DIPi_4 0.0270 ( 0.55)
DM¢_5 0.103 ( 1.0 DIP_5 0.0962 ( 1.96)
DM_g 0261  ( 2.53) DIP_g —0.109 (~2.28)
DM¢_7 0.0881 ( 0.86) DIPt_17 —0.0583 (-1.33)
DM¢_g 0.109 ( 1.08) DIPi.g —0.0453 (~1.04)
DCPLi_y 0.0714 ( 0.78) RRSV{_1 0.00805 ( 1.10)
DCPly_» 0.0609 ( 0.66) RRSVt_2 -0.00457 (-0.40)
DCPlt_3 0.0499 ( 0.52) RRSV{_.3 0.00585 ( 0.5D)
DCPlt_4 -0.0595 (-0.63) RRSVi_4 -0.00931 (~0.83)
DCPIy_5 0.137 ( 1.49) RRSVi_s5 0.00163 ( 0.14)
DCPli_g -—0.130 (-1.36) RRSVy_g 0.0000579 ( 0.01)
DCPI{_7 0.132 ( 1.38) RRSV¢{_7 0.00350 ( 0.31)
DCPli_g -0.256 (-2.73) RRSV{_g —0.00397  (~0.53)
Intercept 0.00268 ( 1.05)
R? =0.496. Standard error of regression = 0.00515.

Mean of dependent variable (DMy) = 0.00916.

Standard deviation of DM¢ = 0.00619.

Notes: DM

DCPI  CPI’'s month-to-month growth rate (
DIp Industrial production (IP)’s month-to-month rate of increase (seasonally-adjusted after Qct. 11)
RRSV Foreign currency reserves ($1 million) deflated with VPl x IP (seasonally-adjusted after Oct. 11)

Source: Hamada and Hayashi (1985)

M,’s month-to month growth rate (seasonally-adjusted after Oct. 11)

same as above
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Table 8 Hamada and Hayashi (1985)’s Money Supply Forecast Equations (2)

— Case where the exchange rate is added to the explanatory variables

under the floating exchange rate system —

\l}e{rfilails)ie g;)tli]:liate t-value \l/{z{:-ila;g‘le Zs?irrlrtate t-value
DM; ; -0.122 (-1.15) DIP_1 —-0.101 (-2.26)
DM¢_) —0.148 (~1.39) DIP;_) 0.0228 ( 051
DM;_3 0.135 ( 1.38) DIP;_3 0.0117 ( 0.2%)
DM¢_4 0.136 ( 1.43) DIP;_4 0.0473 ( 1.02)
DM¢_j5 0.0849 ( 0.85) DIP;_s 0.0902 ( 1.98)
DM;_g 0.239 ( 247 DIP;_¢ —0.111 (-2.41)
DM;_7 0.0687 ( 0.68) DIP;_7 —-0.0524 (-1.149
DM;_g 0.0667 ( 0.69) DIP;_g —0.0187 (-0.41)
DCPI;_1 0.0144 ( 0.17) EXYS{_1 0.0000827 ( 0.99)
DCPL_» 0.0254 ( 0.29) EXYS;_2 —0.000175 (-1.30)
DCPI;_3 0.00984 ( 0.11) EXYS;_3 —0.0000538 (-0.39)
DCPL;_4 —0.0846 (-0.91) EXYS;_4 0.000216 ( 1.56)
DCPIL;_5 0.0543 ( 0.59) EXYS{_s —0.0000684 (~0.49)
DCPl;_g -0.141 (-=1.57) EXYSt_g 0.0000195 ( 0.22)
DCPIL;_7 0.127 ( 1.40)

DCPIL;_g —-0.250 (—2.76)

DCPI;_g 0.0739 ( 07D

DCPI;_19 0.0191 ( 0.20)

Notes: R?=0.518. Standard error of regression = 0.00503. Sample period: February 1973 —
December 1982. See Table 7 for definitions of variables.
Numbers in parentheses are t-values.

Source: Hamada and Hayashi (1985)

Figure 1 Money Supply Coefficient Pattern in Hamada and

54 Hayashi’s Output Equation
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Source: Hamada and Hayashi (1985)
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that is, the error term will be the function X, — E,_; X,.

If X; — E,_; X, is correlated with m, — E,_; m,, a will be biased since a correla-
tion would arise between the error term and the explanatory variables. Similarly, the
main factors determining output are not included among the explanatory variables in
the output equation but are included among the error term, and if these factors are
correlated with fluctuations in the money stock, it is possible that the anticipated
money stock will appear to be significant.

Although Hamada and Hayashi (1985) treat fiscal expenditure as a candidate for
such a missing variable, in their actual tests, instead of using the output equation that
includes fiscal expenditure, they adopted a Granger test. Since the results of their
investigation (Table 9) reveal that M, “causes” mining and industrial production even
when fiscal expenditure is included, Hamada and Hayashi conclude that the LSW
proposition is not established.

The range of models tested with procedure adopted by Barro is different from
the range of models tested with Granger Causality. This point will be examined when
we introduce the research findings obtained by Parkin (1984).

Table 9 Granger Test of Industrial Production in
Hamada and Hayashi (1985)

Amount of F-statistics
DM (amount of difference DG (amount of difference

IL a8 th in M, ) coefficients are in fiscal expenditure) %g:;g}f
eng Zero coefficients are zero
12 Feb. 1966

th 3.41% 1.40 to
mmonths Dec. 1982
24 Feb. 1967

N 2.46° 2.25° to
months Dec. 1982

Notes: a. Significant at the 5% level The data are all seasonally-adjusted logs.
b. Significant at the 1% level
Source: Hamada and Hayashi (1985)
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4. Fischer’s Barro Criticism and Prior Expectations Model
—Taniuchi’s Empirical Analysis —

The survey of empirical results thus far indicates that, with regard to the Japa-
nese economy, changes in the anticipated money stock influence real output. Fischer
(1980) stresses the importance of long-term wage contracts, aims to explain these
results.

According to Fischer, since the wage level is unchanged from the time new wage
contracts take effect until the next contracts are concluded, the situation is not that
unanticipated changes in the money stock in each quarter exert influence on real
output, but that unanticipated changes in the money stock at the time wages are
revised exert influence on output. In this case, the simple Lucas-type supply function

o= a(P; — E1P) + vy, a>0, (6)
is an inappropriate specification. The correct specification is
Yt = a (Pl‘, - E*Pt) + Uy, a >O s (6)’

where, E*P, is the expected value of prices at time ¢+ when the wage contracts are
concluded.
Let us asskume that wage contracts are revised once a year. If wages are assumed
to be revised in the second quarter,
E*P, = E_P, (if ¢ is in the second quarter of that year),
= E,_,P, (if ¢ is in the third quarter of that year),
= E;_3P; (if ¢ is in the fourth quarter of that year),
= E,_4P, (if ¢ is the first quarter of the following year).

Taniuchi (1982) carried out an empirical study from the standpoint of the world
a la Fischer, in which the author turns his attention to the annual “Shunto” wage
negotiations in Japan and assumes that all wages in the Japanese economy are revised
only once every year, in the second quarter. The main alternative hypothesis in this
case is that wage levels are made fully flexible by bonus payments, etc., and Equation
(6) of the Barro-Lucas type is of course the correct formulation.

Therefore, Taniuchi (1982) estimates Barro’s model system containing (6) and
Fischer’s model system also containing (6)" and compares explanatory power and sta-
bility. Furthermore, Taniuchi compares the estimation results with reduced form
estimation results of the formulation in which the level of the money stock itself
directly exerts influence on real output (Taniuchi calls this a Keynesian model). That
is, Taniuchi (1982)’s interest can be considered by dividing it into two levels:

1) Comparison of a model which uses the level of money stock itself (Keynesian
model) and a model which uses unanticipated money stock (Barro model and Fischer
model).

2) After assuming a neutrality proposition, comparison of the formulation of un-



VOL.4 NO.1 RELATIONSHIP BETWEEN MONEY STOCK AND REAL OUTPUT 57

anticipated money stock using a Barro-Lucas-type approach (Barro model) and Fis-
cher-type approach (so-called prior expectations model).

In actually carrying out the empirical tests, Taniuchi first estimated the money
supply forecast equation (that is, money supply rules) (Table 10), and used the
results thus obtained to estimate and compare the output equations corresponding to
the three models noted above (Table 11).”

With regard to the results shown in Table 11, turning his attention to the F
values concerning the significance of the money stock coefficient in each model and

7. However, the prior expectations model requires the expectation values of the explanatory
variables in the money forecast equation at the time wages contracts are revised. Therefore,
Taniuchi estimates the ARIMA model shown in Table 12 for each explanatory variable and
uses the resultant expectation values. As Taniuchi himself points out, there is a problem that
this step may not necessarily be consistent with the assumption of rationality of expectations.

Univariate ARIMA Models for R, DP, and DIIP

Rt (Reserve variable): AR (2) model 1960:1 - 1972: IV

Ry = 47094.6 + 1.094R¢_] — .470R;_2
(1.72) (792)  (-3.41)
R? = .59 SEE = .185x10¢

DP;¢ (Inflation rate): MA (3) model 1960:1 — 1980: 11

DP; = .0175+ug+.615us_1 + .356u¢_2 +.700u¢_3
(5.98) (8.11) (3.43) (9.47)

Rz = 454 SEE = .0100
DIIPt (Industrial production index growth): AR (1) model 1960: 1 — 1980: II

DIIPt = .0065 + .704DHP¢_
(2.45) (8.78)

R®2 = 480 SEE = .0177

Notes: 1. The foreign currency reserve is estimated for the fixed exchange rate period; the inflation rate
and the DIIP for mining and industrial production are estimated for the entire period.
2. The identification of the ARIMA model, the estimation of the coefficients, and the forecast
were carried out according to the IDENT, ESTIMATE, and FORECAST programs developed by
Nelson. The above coefficients were estimated according to the method of maximum likelihood.
Source: Taniuchi (1982)
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Table 10 Taniuchi’s Money Supply Forecast Equation
[A] TFixed Rate Period 1960: IV — 1972: 1V [B] Flexible Rate Period 1973: 1 — 1980: 11
DMt 623 ( 5.22) DP_1 -.136 (-2.56)
Rt J1x10°7 ( 2.1D) DPt_» -.196 (=291
Ri-1 —.11x10"7  (-1.46) DIIP¢ .050 ( 1.18)
Rt-2 12x10°7  ( 1.66) DIIPt_2 .040 « 99
DHP¢_1 -.013 ( -.21) DIIPt 3 -.013 ( -39
DIIPy_» -.116 (-1.85) DHP{_4 -.789 (-2.36)
BONDy ~.31x10"%  (-2.00) T -.99x107? (-9.44)
BOND;_) —-.55x10"% ( —.40) Constant .105 (12.40)
BOND¢_2 .36x107%  ( 2.48) R? .822
Constant .020 ( 3.67) SEE .00355
R? .590 DW 1.93
SEE .00544
DW 2.38
Notes: t-values are in parentheses.
DM Money supply (M,)’s rate of change.
R :  Fluctuations in foreign currency reserves (yen-indicated). Calculated by multiplying the
yen rate by the yen-indicated foreign currency reserves.
DP Inflation rate (rate of change in consumer price index).
DIIP Rate of change in industrial production index (IIP)
BOND Amount of government bonds issues.
T : Time trend.
(Seasonally-adjusted data are used in the estimates).
Source: Taniuchi (1982)
Table 11 Output Equation
[Prior Expectations Model]
Total Period I'ixed Rate Period Flexible Rate Period
1962: 11 - 1980: 11 1962:11 — 1972: 1V 1973:1-1980: 11
Yio1 1.171 (11.31) 1.166 (7.85) 1.087 (6.05)
Yi-2 -.004 (-.29) 101 (.46) —-.180 (—.66)
Yt_3 -.274 (-2.77) —.408 (-2.82) —-.061 (-.34)
PDMR¢ 409 (1.75) 226 (.64) .642 (1.40)
PDMR¢_1 .256 (1.03) 378 (1.10) 409 .90)
PDMRy_2 408 (1.67) 570 (1.75) 432 (.94)
PDMR{_3 —.807 (~3.19) ~.715 (~2.06) -.760 (-1.53)
PDMR{_4 937 (3.90) 691 (2.02) 1.301 (3.35)
Constant .0008 (.64) 0015 79 .0004 (21)
R? 921 911 927
SEE 0106 0119 .00942
DW 2.13 2.18 2.30
int Sienifi )
o Significance F (5,64) = 5.80%* F(5,34)=2.70% F(5,21)=3.41%*

The sum of the coetficients on PDMR’s;

{4

= PDMR

The invariance test
F(9,55)=.50

1.203 (in the total period)
1.150 (in the fixed rate period)
2.024 (in the flexible rate period)
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Total Period Fixed Rate Period Flexible Rate Period
Yi-i 969 8.42) 885 (5.30) 735 371
Yi2 182 (1.27) 361 .06) | 125 (~.54)
Yi-3 ~281 (=281 | -413  (=3.03) 264 (1.51)
Mt —217 (-99) | -.138 (-46) | —.033 (-10)
My 438 (1.06) 223 (.39) 583 (1.05)
M¢_2 643 (1.54) 993 (1.68) 086 (18)
Me 3 _1514  (-354) | -1503 (=239 | -1277  (-2.49)
M¢_4 568 2.20) 300 (72) 382 (1.11)
Constant 0001 (10) | -.002 (-99) 008 @.71)
R 920 924 945
SEE 0106 0110 0082
DW 191 2.16 2.06
Jont Significance F (5, 64) = 5.64+* F (5, 34) = 4.30%* F (5, 21) = 5.79%*

The sum of the coefficients on M’s;
*M = -082 (in the total period)
= —.,126 (in the fixed rate period)

= —.258 (in the flexible rate period)

The invariance test
F (9,55 = 1.93;

F (9,60) (5%) = 2.04

[Barro’s Model]

Total Period Fixed Rate Period Flexible Rate Period
Yi-1 1.199 (10.36) 1.190 (7.82) 1.195 (5.53)
Yi_2 —.084 (—.46) .034 (.14) —.244 (-.73)
Yt—3 —.244 (-2.18) -.324 (-2.09) -.118 (—.60)
DMR¢ 292 (.84) .186 (.44) .350 (.44)
DMR¢_} .287 (.85) .190 (44) 926 (1.28)
DMRt_2 .920 2.73) 1.158 2.70) 571 (.78)
DMR¢_3 —.467 (-1.38) —.141 (-.33) —.689 (—.86)
DMR¢_4 478 (1.33) .528 (1.21) 481 (.57)
Constant —.0001 (-.12) .0011 (.55) -.0013 (—.58)
R? 906 907 .887
SEE 0115 0121 .0118
DW 2.14 2.25 2.12
Joint Significance F (5, 64) = 2.89* F(5,34) =225 F(5,21) = .68

The sum of the coefficients on DMR’s;
ZDMR = 1.509 (in the total period)

nH

The invariance test
F(9,55) = .47

Notes: t-values are in parentheses.
* significant at the 5% level
**gignificant at the 1% level

Source: Taniuchi (1982)

1921 (in the fixed rate period)
1.638 (in the flexible rate period)
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to the Chow test concerning the significance of structural changes (invariability test),
Taniuchi concludes that the prior expectations model is more or less supported. The
reasons he gives are:

(1) In the prior expectations model, the unanticipated changes in the money stock
(when wages are revised) are highly significant, while the output equation is stable
(that is, the F value in the Chow test is small);

(2) In the Keynesian model, although the money stock is significant, the output
equation is unstable (that is, the F value in the Chow test is large); and

(3) In the Barro model, the unanticipated change in the money stock is substantial-
ly less significant than in the case of the prior expectations model.

However, Taniuchi reports that the explanatory power of the prior expectations
model is reduced considerably by adding fiscal expenditures and exports to the out-
put equation. This suggests that the problem concerning the assumed exogeneity of
the error term in the output equation indicated by Hamada and Hayashi (1985) may
be crucial.

The empirical results reported so far consistently reject the LSW proposition.
However, these empirical analyses are all based on seasonally-adjusted data, and it is
problematical whether the same conclusions would have been reached if seasonally-
unadjusted data had been used. Parkin’s study, which we will take up in the next
section, stresses the importance of this distinction.

5. Distinction between Prior Expectations Model Using Granger Causality and
LSW-type Classical Model
— Problems with Verification Using Parkin (1984) and Granger Causality —

Parkin (1984), who calls Fischer-type of prior expectations model a Keynesian
model, also compares the Classical model with Keynesian (Fischer-type) model. The
method he used is the direct Granger test, one of the outstanding feature of his test
procedure is that it carefully examines the influence of adjustment of seasonality and
trend removal on the empirical results.

The following two quarterly models are the theoretical models that Parkin
(1984) compared.®

The Keynesian model used here consists of the three Equations (7), (8), and (9):

4
yo= 8P R EPL) Ayt ™

8. For the sake of comparison, some of the symbols used below will be from Taniuchi (1982) and
therefore different from the original paper. Moreover, the “Keynesian” model used here is
Taniuchi (1982)’s prior expectations model, but, following Parkin (1984), here it will be called
simply a “Keynesian model”.
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Where, ¢ is normally distributed white noise, thatis N (0, o .?) . The aggregate
supply y. is the cyclical component of output, which is assumed to be capable of being
decomposed into y, + seasonal factor + trend.

ye = my + V; + P, ... aggregate demand function. &

Where, V, is the velocity of money, and the money supply (m;) and the velocity
of money are assumed to follow the exogenous stochastic process obtained from the
bivariate autoregressive model expressed by the following equation:

[mt] _ [A’(L) )B’(L)} [mtl} 1[ } )
Vi C'(L) D(L)] L Vi &t
where, A’(L), etc. are the functions of a lag operator.

If rational expectations is assumed, the reduced form model obtained from (7) —
(9) becomes

) 0
A m + B D) Ve 2y 1)

A
+ 1+ Yt + &,
Where, y,_; is the output at the end of the previous wage contract term (j = 1, 2,
3, or 4) and

Y=

Ei=r—Ae+ (0. + £)) ~N(0, 0.?).

1
1+ 96
In contrast to this, the Classical model is expressed as a system consisting of (7)’,
(8), and (9). Aggregate supply function is
ye =a(Pe — EiP) + Ay + €, )
which is one variant of Lucas-type aggregate supply function. The reduced form
model obtained from this system is
Yo = AY¥i-1 t+ ue, (10)’
where,
a
U = &4 +m(nt + &) ~N(O, ¢,9).

Parkin emphasizes the following two points as a result of comparing the reduced
form Keynesian model (10) and the reduced form Classical model (10)":
(1) If the Classical model is correct, output should follow ARI, and if the Keyne-

9. Since the aggregate demand is defined as a cyclical factor after trend and seasonality have been
removed, the velocity of money and the money stock, will also assume the above stochastic
process with regard to the variables after seasonal and trend factors have been removed.



62 BOJ MONETARY AND ECONOMIC STUDIES . APRIL 1986

sian model is correct (because of the existence of the item y,_;), the order of autore-
gression should differ according to season.

(2) If the Keynesian model is correct, the velocity of money and the money stock
should cause output in the sense of Granger, while if the Classical model is correct,
neither the velocity of money nor the money stock will “cause” output.

The first method Parkin (1984) adopted to confirm these points is as follows.
First, constructing a general model that contains various models (Pigott (1978), Seo
and Takahashi (1981), Hamada and Hayashi (1985), etc.) providing 16 coefficient
conditions to the model that correspond to the various special cases, and carrying out
a Granger test that takes into consideration the influence of trend, seasonality, and
other factors on the empirical results (See Table 12).1°

The general model used is expressed in Equation (11) below.

4 5 5
Y. =aotant 1% a;Sit +asdie +asdict +ast? +agdaiSs + 1;1 ag+iYi—i+ § aiz+iMii
5
+i=21 ag+iVi-1t e+ e (11)

Table 12 Sixteen Restricted Models of Deterministic Trends and
Seasonal Variations

Zero restrictions on coefficients

Model @ —a) a o a, 2 Previous study
1
2 o
3 ] 0
. ft_ _ o] o] O
L2 R
6 e} O
7 O @] o]
8 o o (0] e} Grossman and Haraf (1983)
T e
10 O O
11 o} o o}
12 @) o} e} o}
13 o TS T Seo and Takahashi (1981) (SA), |
14 o o o _r{ Taniuchi (1982) (SA), and
Hamada and Hayashi (1985) (SA)
15 © o © S Piggot (1978) (SA), and Oritani
16 o e} o) e} o} (1981)

Notes: a, —a, =Primary seasonal dummy
ag =Changes in the level of GDP trend in 1974: I

a, =Changes in trend since 1974: 1
a, =Secondary trend
ag =Changes in fourth quarter seasonal after 1970: 1

Source: Parkin (1984)

10. Since using seasonally-adjusted data is also possible for models No. 13-16, 20 models are
actually compared. »
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Where,

t is an integral number (t = 1, ..... , 64),
S;; = 1 (in the i th quarter),
= 0 (in other quarters),
d; = 0, 1967:1 - 1973:1V,
=1, 1974:1 - 1982:1,
dy, = 0, 1967:1 — 1969:1V,
=1, 1970:I — 1982:1.

The results (Table 13) indicate that, regardless of the specification of the trends,
the Classical model is at a disadvantage when seasonally-adjusted data are used,

63

while the same results indicate that conclusions will differ depending on the specifica-
tion of the trends when seasonally-unadjusted data are used.

Next, Parkin (1984) estimates various real income time series models that explic-
itly contain trend and seasonal factors, regarded their residuals as the cyclical factors
(yy) of real income, and estimates the regressive equation that explains Y, in terms of
the money stock (in which the seasonal factors used in estimating y, and the money
stock m" are identical). The specification is as follows:

Table 13 Granger Causality Between

Money, Velocity and Real GDP

Model Degree of Freedom M?{::?I (C};l)ulfes Vel]ggglyG%fl'lses
1 5,32 0.85 1.78
2 5,33 1.21 1.85
3 5,34 2.00 2.80%
4 5,35 1.64 2.58+
S 5,33 1.30 0.70
6 5,34 1.46 0.50
7 5,35 2.56* 1.04
8 5,36 1.80 0.60
9 5,35 1.33 1.40

10 5,36 2.16 1.42
11 5,37 2.40 1.82
12 5,38 2.06 1.65
13 5,36 1.48 1.08
14 5,37 2.10 0.98
15 5,38 2.57* 1.51
16 5,39 2.08 1.21
135A 5,36 2.44 1.54
14SA 5,37 3.13* 1.06
155A 5,38 3.49* 1.62
16SA 5,39 2.93% 1.12

Notes: F ., (5,30)=2.53
F .5 (5,40) =245

* jindicates rejection of the null hypothesis at the .05 level

Source: Parkin (1984)
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5
vi = p(L)yi_1+ 9(L)et+i§ kim©-1. (12)

When seasonally-unadjusted data are used (with the exception of models 5 -7,
which impose a condition that output follows a certain fixed seasonal pattern), the
results of the F test for k; indicate that since the money stock does not cause output,
the LSW proposition is supported.

With regard to these results, Parkin (1984) insists that the Classical model should
be regarded as being supported statistically more convincingly than is the Keynesian
model. Parkin bases his argument on the fact that, since what makes the money stock
cause real income in the Granger sense when seasonally-adjusted data are used is the
“apparent causal relationship” that X-11 type moving average seasonal adjustment
procedure bring about, empirical results obtained by using seasonally-unadjusted
data are more reliable. The point at issue here may be considered in the following
way: For the sake of simplicity, suppose there was no structural changes insofar as
trend and seasonal factors are concerned, and real income can be thought of as being
determined by the pure Classical mechanism plus seasonal factors. In other words,

Yt = AYi-1 + u + S

Where, S, is the seasonal factor at t. Suppose there exists a function S(L) that
will precisely neutralize the seasonality of y, (when S(L) S, = 0 for any t) the sea-
sonally-adjusted real income y5#, would yeild

VA =S L)y, = 2 S(L)yi-1 + SWu,,
and the error u,, the white noise, would be converted to the moving average. There-
fore, if the innovation of the money stock were to be included in this u,, the money
stock’s past innovation would appear to cause the current seasonally-adjusted real
income.

Although Parkin suggests that examination of differences in the concept of
output (mining and industrial production vis-a-vis real GNP), as well as the method
of treating trend and changes in seasonality, may influence the results of the causal
relationship, he seems to believe that the conclusion that the Classical school model
is supported will not be changed.

However, there are three major reservations to this conclusion. First, since
Parkin’s insistence on the superiority of seasonally-unadjusted data involves Gran-
ger’s test, his conclusion casts doubt on part of Hamada and Hayashi (1985)’s finding
which uses direct Granger test. But his criticism of the findings of another part of
Hamada and Hayashi (1985), Pigott (1978), Seo and Takahashi (1981), and Taniuchi
(1982) is on shaky ground, for they are not based on Granger test.

Second, although test of the causal relationship between real GNP and money
stock is often conducted in cases where the aim is not necessarily to verify the LSW
proposition, a glance at these results seems to reveal that test based on seasonally
unadjusted data is not necessarily supportive of the proposition that money stock
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does not cause real output. For example, although Komura (1982, 1984) and Ram
(1984) employ seasonally unadjusted data, the results (Table 14) vary depending on
the selection of the money stock (M; or M,), the sample period and the testing
method used (whether Granger test or Sims test using Mehra’s filter).

Third, empirical tests using Granger Causality and those using the reduced form
model developed by Barro are not identical. To be able to test the LSW proposition
using Granger Causality without adopting a special statistical assumption, it is neces-
sary to adopt an assumption corresponding to the simple Lucas-type aggregate supply
function. Ever since Sargent advanced the test of the neutrality proposition using
Granger Causality, this point has been argued by various researchers, including
Nelson (1979), McCallum (1979), and Abel and Mishkin (1983).

Now, if the simple Lucas supply function is assumed to be correct, the true
reduced form output equation may be expressed as

n
Yt:E’lth—l+ﬂ(mt_Et—lmt)+ut .

Here, Y, can be interpreted as expressing actual output, while the weighted sum
of the past values of Y, can be interpreted as corresponding to natural output.
Moreover, u, is the white noise. ‘

If we add the past money stock variable to this equation and drop unanticipated
money stock m; — E,_; m; from the equation and estimate

n n’
Y: = 1:21 Ath_i+§ aimq_i+u. (13)

Table 14 Test of Granger Causality Between Money Stock and
Real GNP by Komura (1983, 1984) and Ram (1984)

(i) 1955:1-1964:1IV
Granger test Sims test Granger test Sims test

M2~ RGNP M2 . RGNP M1 _. RGNP M1 _. RGNP

(i) 1955:1-1971:1I
-
M2 Z RGNP M2 . RGNP M1 - RGNP Ml RGNP

(iii) 1971:111-1980: IV

M2 : RGNP M2 RGNP M1 RGNP M1 RGNP

= F value is significant at 5% level at least for two types of lag specification
—>  F value is significant at 5% level at least for one type of lag specification
~>  F value is significant at 10% level at least for one type of lag specification
Note: RGNP = Real GNP
Source: Komura (1984)
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Then, m,_;1 (i = 1, ..., n’) does not contain any information about m; — E,_;m,,
there is a high possibility that a; (i = 1, ..., n’) as a group may not be significant when
the F-test is conducted. This means that the money stock does not cause real output
in the sense of Granger. In this case, the LSW hypothesis corresponding to this
model may be tested by Granger Causality between money stock and real income,
indicating that the LSW proposition will be rejected if the money stock “causes” real
output.

However, if the aggregate supply function is not the simple Lucas-type but
rather the type Barro used in his empirical study, namely,

n n
Y= 1221 AY i +I§ Bilmii—Eiommye—p) +uy,

the estimated value of « ; will be biased when Equation (13) is estimated because the
past value of m, contains information concerning m,_; — E,_;_; m,_; i = 1, ..., n’).
Thus it is not possible to judge the acceptance or rejection of the LSW proposition
from the results of the Granger Causality test.

Moreover, since there will also be bias even in the simple Lucas-type supply
function if there is a serial correlation in u,, a problem will arise if the Granger
Causality is used in verifying the LSW proposition. This is the problem that arose
when Hamada and Hayashi (1985) tried to interpret the Granger Causality between
income and money stock from the reduced form equation formulated by Barro.
Hamada and Hayashi (1985)’s way of thinking is explained as follows: The output
equation formulated by Barro,

n
Vi = i=21 bi(Dm¢—E-:Dmy)+u,

(where D is a difference operator i.e. DX, = X, — X,_;)
is rewritten using the function of the lag operator
b(L) = by + by + b2 + ...,
¥t = b (L) (Dm; — E;_;Dm,) + u, .
If b(L)~! is multiplied by both sides of the equation,
b(L)"'y; = (Dm; — E,_;Dm,) + b(L) 'y, .
This may further be rewritten,

vt = a(Dmy—E-;Dmy) +g fiye—i+wi.

If w, = b(L)"! u; happened to be a white noise,

T T
vy = 1=Z1 fiy'ﬁi—}_i; gDm¢_;+ vy,
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is estimated, but the Dm,_; coefficient g; is likely to be insignificant as a group (Dm
does not cause Y, in the sense of Granger). However, the assumption that the w,
obtained by multiplying b(L)~! which determines the relationship between money
stock and income in the equation, has by chance turned into a white noise, must be
regarded as untenable. Thus it would be more natural to regard the testing of the
LSW proposition by Granger Causality as inseparable from the formulation corre-
sponding to the simple Lucas-type supply function.!!

6. Chi-square Test of the LSW Proposition Using Likelihood Ratio
— Method in Mishkin (1983) and Studies by Gochoco (1986) —

In his series of studies (Mishkin (1982a), (1982b), and (1983)), Mishkin pro-
posed a likelihood ratio test utilizing cross equation restrictions as an efficient proce-
dure for testing the LSW proposition.

The empirical results concerning the U.S. economy obtained by Mishkin are:

(1) Anticipated in money stock influence real output, indicating that the LSW
proposition is rejected so long as the hypothesis of a priori identification is proved to
be correct.
(2) Looking at the rational expections hypothesis and the proposition of neutrality
of money separately, while the proposition of neutrality of money is strongly re-
jected, the empirical results concerning the rational expectations hypothesis are
ambiguous, and thus the LSW proposition as a joint hypothesis is rejected principally
by the neutrality proposition.

Using both seasonally-adjusted and seasonally-unadjusted data, Gochoco (1986)
applies Mishkin’s method to Japanese economy under the floating exchange rate
system (Table 15). As a result, Gochoco concludes that the LSW proposition as a
joint hypothesis and the proposition of neutrality of money are rejected (that is to
say, that anticipated changes in money stock exert influence on real outcome), while
the rational expectations hypothesis is not.'?

11.  Another problem that may be cited is the fact that the lag length of real output, which in a
model is essentially infinite, is cut off at the appropriate length T. The fact that the results of
Granger test are extremely sensitive to the selection of the lag length. Thornton and Batten
(1985), checked the Granger Causality between nominal income and various money stock
indices using a large number of different lag lengths, confirmed this point.

12.  With regard to the money supply forecasting equation, the rate of growth of M, + CD was
regressed on its lag value as well as its WPI domestic goods and mining and industrial
production (both with a 6-quarter lag). (The current account balance, the gensaki bond
repurchase agreement rate, and the rate of financial deficits were not included since these
were not significant.)
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Table 15 Output Equation by Gochoco (1986)

APRIL 1986

11 11
Estimate Model: LoglPlt = C+ TREND + £ 4 (M- - ME_j) + Z i (ME_j) + pet_1 +mt
i= i=

Using Seasonally-adjusted data T Using Seasonally-unadjusted data
Explanatory Variable
C 4.1560 ( 0.1894)** 3.7618  (0.1782)**
By 0.5853  ( 0.3848) 1.0483  (0.5400)
8, —8.9086 ( 5.4605)* 0.3333  (0.7691)
B, —5.7596 ( 5.3670) 1.3803  (0.8143)*
8, 0.8392 ( 4.8038) 2.2187  (0.9379)**
B, 7.6414 ( 6.0260) 2.2931  (1.1382)**
B 17.9122  (10.5813)* 2.2073  (1.2303)
B 16.6555  (10.0083)* 0.3470  (1.2931)
8, 8.0305 ( 6.4279) -0.4363  (1.5001)
Bg 2.3072  ( 3.6410) ~1.2257  (1.7651)
By -3.3621 ( 2.8959) 1.6433  (1.8126)
By -4.6979 ( 3.0701) 2.6577 (1.6619)
By -0.1739  ( 1.6716) 4.7692  (1.3624)**
8, 9.2672 ( 5.1703)* 3.3102  (0.8655)**
5, -4.3316 ( 4.2666) 3.1097  (1.4467)**
5, -7.9298 ( 5.1613) 4.2317  (1.9238)**
&, -4.5351  ( 3.8100) 3.8597  (2.1733)*
5, ~8.2899 ( 5.9207) 24411  (2.3021)
5 4.5807 ( 4.5526) 1.5111 (2.5581)
5 9.5874 ( 5.6517)* 1.8140  (2.8853)
5, 4.2649 ( 4.3963) 5.8769  (3.2227)*
8 3.8061 ( 3.5025) 5.0418 (3.2415)
[ -0.6088 ( 2.6207) 8.0000  (2.9292)**
L ~6.0108 ( 3.7620) 6.8929  (2.2920)**
LT 1.5255  ( 2.9386) 6.4484  (1.5721)**
TREND 0.0042  ( 0.0006)** 0.0037  (0.0006)**
P 0.8961 ( 0.0459)* 0.8662  (0.0587)**
R? 0.9941 0.9923
MSE 0.0132 0.0239
Likelihood ratio test results
* %k
LSW Proposition fgég;;} (122b21 )
Neutrality proposition ?01093;5:) (120'(;]8*;
Rational expectations hypothesis (103,'2350349) (éggl )

Notes: Log IPI

C
TREND
M

Me

: Month-to-month growth rate (%)

of industrial production

: Fixed number
: Primary trend
: Month-to-month growth rate (%) *

of M, +CD

: Anticipated value of M, + CD

Sample period: 1973-1984 (monthly)

MSE : Mean squared error

Figures in parentheses of output equation are

standard deviations

: Significant at the 5% level

** : Significant at the 1% level

In likelihood ratio test, upper row figures are likelihood ratio. Numbers in parentheses are levels of
marginal significance.
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Gochoco’s empirical results, like Mishkin’s (1983) empirical results in the Un-
ited States, suggest that the LSW proposition is not accepted,'® and that the main
reason is that the neutrality proposition is not established. Furthermore, in contrast
to Parkin’s prediction, the robustness of these results is high as far as the treatment of
seasonality is concerned.

III. Conclusion — Future Problems

This paper has introduced the general outline of empirical results of studies
carried out thus far applying the LSW proposition to the Japanese economy. These
results are summarized in Table 16. Both Barro-type and Mishkin-type of empirical

Table 16 Comparison of Empirical Test Results of LSW Proposition
on Japanese Economy

Acceptance/

Sample period oot
Method p'e perio rejection of Features
and data attributes LSW proposition

Imposes severe limitation

Pigott Seasonally-adjusted, on output equation.

(1g978) Barro-type quarterly Rejection Money stock forcasting
(1958:1-1977: 1II) equation is low in

accuracy.

Seo and Seasonally-adjusted, Formulates money supply

Takahashi Same as above quarterly Rejection forecast equation as policy

(1982) (1961:1-1980:IV) response function.

Hamada and ] : Uses monthly data.

Hayashi garro and Seasonally-adjusted, Rejection Empirically tests the

ranger test monthly :

(1985) (Oct. 1965 - Dec. 1982) exogeneity of error.
Seasonally-adjusted Applies simultaneous

Gochoco il and seasonally-un- S estimation method.

(1986) Mishikin-type adjusted monthly Rejection Tests influence of
(1973:1-1984: III) seasonally adjustment.

i Seasonally-adjusted, Formulates prior ex-

aagrlég(;hl Barro-type quarterly Rejection pectations model based
(1960: IV - 1980: 1) on “Shunto.”
Seasonally-adjusted :

: Tests influence of seasonal
Parkin quarterly and seasonal- B
(1984) Granger test ly-unadjusted quarterly Acceptance adjustment.

(1967:1-1982: D)

13.  However, in Mishkin’s study, the conclusion varies greatly depending on the length of the lag
in the output equation: if the lag is reduced to 7 quarters, the LSW proposition is accepted; if
itis extended to 20 quarters, the proposition is rejected. By contract, Gochoco (1985) rejected
the LSW proposition even if the lag is relatively short.
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results suggest that the LSW proposition is not established in Japan. Parkin’s rebuttal
seems to lie on shaky ground.
Methodologically speaking, however, problems still remain. Following are sub-
stantial problems that have not been adequately taken up thus far.
Methodologically speaking, however, problems still remain. Following are of
problems that have not been adequately taken up thus far.

1. Problem of Information Set at the Time of Expectation Formation

The Barro/Mishkin-type of method so far assumes that the economic agent has
information at the beginning of the period of estimation that in fact can only be
gained at the end of the period of measurement.

Barro (1977) reports that the empirical influence of this assumption is minor. On
the other hand, Sheehan (1985) reports that the empirical results of the LSW propo-
sition depend heavily on the hypothesis concerning the formation of expectations, so
that if excessive information set were assumed, the empirical results would tend to be
advantageous to the LSW proposition in the case of the United States.

This is a problem that should be examined in the future even for the Japanese
economy.'

2. Problem of Degree of Freedom

With regard to the Barro-type tests of the LSW proposition, a problem that has
not been discussed very much is that involving the lack of degree of freedom in
estimating equations. What is problematic here is that since the series of studies
Barro, the normal practice has been to treat each lag value, of explanatory variable
as an independent variable. As a result, it cannot be denied that multicolinearity has
developed among explanatory variables, thus rendering the estimatioin results unsta-
ble. In fact, Takahashi explains, based on his experience with this form of estimation,
that the results of estimation are changed considerably by changing the length and
formulation of the lag. Thus it can be said that there is room for checking the
robustness of the coefficient values.!

14. We may site Meltzer (1985) as an attempt in this direction. Meltzer compares the economic
performance under the fixed exchange rate system with that under the floating exchange rate
system by calculating forecast errors using the multi-stage Kalman filter and only the informa-
tion available up to the forecast period. On the basis of this calculation, Meltzer measures the
VAR models for prices, money stock, and real output.

15. Of course, in Parkin (1984), the Koyck lag is hypothesized for the aggregated supply function,
while in Pigott (1978), the sum of the hypothesized as zero.
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3. Problem of Observational Equivalence

The problem of observational equivalence, which has been raised by Sargent
(1976) and others, is the most fundamental criticism of Barro’s testing procedure.

Since it is in principle impossible to directly check the acceptance or rejection of
the LSW proposition only from a reduced form equation, it means that the structural
model and its identification conditions cannot help but be hypothesized a priori.

In this regard, Mishkin (1983) indicates'® that the models are identifiable and
that it is possible to hypothetically test the LSW proposition under the system

M
X = 21 Zioiyituy,
Fom

. N M N M .
t = Yt+§)(Xt—j‘i_21 Zt-j—lYi)Bi+§0(i:2() Zioiiri')0i+ &,

where
X : a vector (k 21) of k variables including money stock,
Y, : real output,
Y, : output corresponding to natural rate of unemployment,
Z.; :avector of p + k variables at t—i quarter used for forecasting X, ,

Yi, Vi%, B, &;: coefficient matrix or vector
formed by generalizing the Barro-type models, one or the other of the following
conditions is met:

i) Like the simple Lucas-type aggregate supply, the effect of unanticipated
changes in X; on real output should not be accompanied by a lag.

ii) At least one variable without direct influence on output should be included
among the explanatory variables contained in the money supply forecast
equation.

Furthermore, Buiter (1983) points out that, if it is hypothesized that the mone-
tary authorities have adopted a policy rule that aims to neutralize (or accommodate)
changes in unanticipated real output, the problem of inability to identify the relevant
functions may arise. That is, under the above-mentioned policy rule, the money

supply forecast equation is a function of changes in unanticipated real income
(Y; — E_1Y,). For example,

m; = aXt + b(Yt e Et—lYt) + CYt + U .

16.  See Mishkin (1983) pp.13-15, pp.27-31 for details on this point.
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This sort of situation may also occur depending on the response of the private
banking sector.!’

If it is assumed that the monetary authorities or the private sector are changing
the money stock in accordance with unanticipated real income, it will become impos-
sible to distinguish between the route in which changes in real output themselves
exert influence autoregressively and the route in which unanticipated changes in real
output are fed back to real output through the medium of unanticipated changes in
the money stock. In this case, neither the test based on the reduced form equation
formulated by Barro and Mishkin nor the test using Granger Causality is accepted.

This means that, regardless of the particular test procedure employed, the
checking of policy rules by Seo and Takahashi (1981) and others, and also the
checking of the private sector’s reaction constitute an extremely important step in the
empirical research procedure. Moreover, whether or not one can successfully elimi-
nate the unanticipated real income fluctuation term in the money supply forecast
equation will depend on the type of index one selects as a money supply concept, as
well as on the unit period one adopts.

4. Function of Price

The narrowly-defined LSW proposition is a joint hypothesis consisting of

A) Lucas-type aggregate supply function,

B) rational expectations, and

C) monetarist aggregate demand function.
The reason that changes in the (unanticipated) money stock in this set up influence
real output is that these changes bring about unexpected price changes through C). In
other words, there are two links constituting the necessary condition for the estab-
lishment of the LSW proposition: the link between changes in the money supply and
changes in price, and that between changes in price and changes in real output.

However, since Barro’s approach ingeniously eliminates the price variable, it
only has to examine the relationship between money stock and real output without
considering the role of the price. This is the reason that, even if the relationship
between real outcome and money stock under this empirical framework was consis-
tent with the LSW proposition, one could not help but suspect that the relationship is
real.

17. Buiter (1983) also points out that the reduced form of output equation formulated by Barro
does not consider the effects on real income of anticipated future changes in the present and
past money stock.
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Therefore, it can be argued that it is at all costs necessary to test the link function
of price to complement the empirical examination of the LSW proposition. Although
the use of a multivariate time series model and other steps might naturally be consid-
ered a concrete method of conducting such a test,'® it is also possible to approach this
problem from the viewpoint of a reduced form price function.

Gordon (1982)’s study is an example of this way of thinking. In addition to
estimating reduced form for price that expresses both the long-term neutrality of
money stock and the possibility of gradual price adjustment,’

. n - ~~ - .
Pt = 1121 ciPiitdoEe 1(Qe— YY) +di(Q — Ei-1Qp) +day +dsZ +uy,

where
P, : the inflation rate at t,
Qq : the rate of growth of real GNP,
Y. : the rate of growth of natural output,
Z, : the proxy for supply shock,
Vo Y — Y,
u; : white noise.
Gordon (1982) indicates that, if Lucas-Parkin type of aggregate supply function
yi= a(Py — EP) + Ay1 + €,
1s correct, the price equation will be

P = Et—l(Qt—Yit)‘f‘ﬁ(Qt*Et—th)‘f‘(1—/1)3/'[—&&&-

In other words, in order for the LSW proposition to be established under Lucas-
Parkin model of aggregate supply function, the following conditions should be satis-
fied.

1

1Ci:0, do =1, d1:m<1, d=(Q1-A<1L

Mo

1

l

18.  An example of tests of the LSW proposition using a multivariate time series model is found in
the study conducted by McGee and Stasiak (1985). McGee and Stasiak rejects the LSW
proposition, for it entails applying to the United States a trivariate time series model that uses
logarithmic differences among price (GNP deflator), real GNP, and money supply.

19. What is noteworthy in these equations is the treatment of output corresponding to the con-
ventional notion of the natural unemployment rate. Studies on the LSW proposition up to
now have hypothesized that output corresponding to the natural unemployment rate is the
primary (or secondary) exogenous trend (with a refraction that takes into account structural
changes caused by the First Oil Crisis). Nevertheless, since it is theoretically possible that
monetary and fiscal policies may cause changes in the output level corresponding to the

natural rate of unemplyment, it cannot be denied that the above hypothesis is extremely
convincing.
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Here, 3 c; = 0 signifies that price inertia is small, while d, = 1 signifies that the price
adjustment vis-a-vis demand is very fast.

Gordon (1982), after carrying out the tests of various lengths based on quarterly
data on the U.S. economy from 1890 to 1980, reports his finding that price inertia was
very large during this period (in this case, the LSW proposition is rejected).

Judging from the experience of the studies in the U.S., the points taken up in
this section may prove to be a further disadvantage to the LSW proposition. How-
ever, they will be useful in deepening our understanding of the functional features of
the Japanese economy.
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