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Changes in Monetary Policy Rules for the U.S.A., the U.K.,
and Japan: Estimating their Postwar Experiences

Masanori AMANO

This paper estimates monetary policy rules of postwar U.S.A., U.K.,

and Japan for three subperiods in each country. As was discussed by

J.B. Taylor and M. Woodford, the rules can be broadly called the Tay-

lor rule. Using the GMM and related method, we obtain satisfactory

estimation results. We also compare the size of policy rate responses

to three explanatory variables, which are expected inflation, the out-

put gap, and foreign exchange reserves among the three countries.
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１．Introduction

This paper estimates monetary policy rules of the three countries

for postwar three periods, covering around the １９６０s through early

２０１０s. Dividing the whole half a century into three periods for each

country will enable us to evaluate changes in policy rules for each

country, and also compare the policy rules in cross-country manners.

We use the generalized method of moments（GMM）estimation and

related method for this purpose. The divisions into three periods will

be made referring to historical episodes as well as to breakpoint tests

of Chow and Quant-Andrews, and the Cusum-of-squares tests.

As for policy rules, we consider the well-known Taylor rule（Taylor

１９９３）as a baseline formulation. As is pointed out so far, one does not

have clear evidence that the countries we are concerned with here

have followed the Taylor rule. Taylor argues that if the country ex-

hibits stable, successful macroeconomic performance, their monetary

policy can be approximated by his rule; see Woodford（２００１, ２００３）

and Taylor et al.（２０１０）. The difficulty for policymakers to follow his

rule and for analysts to assimilate policy practice with the rule in a
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more or less exact manner will be that his rule involves two unknown

time-dependent parameters: the natural（equilibrium） real interest

rate and the gap in aggregate demand and supply for output, both of

which are of ex-ante nature.

In this context, Trehan and Wu（２００７）present a model based on

Kalman-filtering, and estimates natural（equilibrium） interest rates.

Curdia et al.（２０１５）interpret the policy process of the Greenspan pe-

riod to be of natural interest rate-targeting, assuming that the criteria

for manipulating policy rates are based on the inflation target as well

as the gap between the observable interest rate and efficient rate, the

latter of which is a concept similar to Wicksell’s natural rate.

Judd and Rudebusch（１９９８）presuppose the Taylor-type rate-set-

ting equation（the policy reaction function）, and divide their whole pe-

riod of analysis into three periods, which is based on the periods of

Fed Reserve Board chairmanship of Burns, Volker, and Greenspan.

Then they compare the three policymaking regimes in terms of differ-

ences in coefficients of reaction functions.

Clarida, Gali, and Gertler（１９９８, ２０００）estimate Taylor-type policy

reaction functions for several countries in１９９８ and for the U.S. in２０００,

and in the former paper, they suggest the main concern of the coun-

tries they dealt with is stabilization of inflation. In the latter paper,

they show that after Burns’s chairmanship of the Fed, the policy

turned more aggressive in fighting inflation and brought about higher

economic stability

Estrella and Fuhrer（２００３）suppose policy reaction functions, which

are expressed in differenced form in the policy rate and are similar in

concept to the Taylor rule. Then, based on breakpoints which are de-
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tected using some breakpoint tests, they examine the stability of the

reaction functions before and after the breakpoints, and compare the

stability of reaction functions, among others, when inflation expecta-

tions are forward-looking or backward-looking.

Zhang, Osborn, and Kim（２００８）, focusing on the U.S. Phillips curve

for the post-１９７０ period, examine if the whole period had structural

changes（breakpoints）once or twice. This study is done using some

tests for structural change, and shows, among other points, and simi-

larly to Estrella and Fuhrer（２００３）, that the methods they employ are

not necessarily unanimous in deciding the breakpoints（dates of struc-

tural change）.

In this paper we deal with the three countries, the U.S.A., the U.K.,

and Japan, and suppose that the Taylor rule approximates the mone-

tary policymaking in those countries.

A novel point coming out of the following analysis is that, for those

three countries, in eight out of nine periods, the levels of foreign ex-

change reserves affected their policy-rate settings. We will also show

that the policy rate responses to the variables the central banks are

concerned with exhibit fairly noticeable differences among the three

countries we deal with.

The plan of the paper is as follows. Section ２ describes the model,

and baseline estimations using the OLS to ascertain two borderline pe-

riods for each country. Then for three periods of each country, we es-

timate the Taylor rules which assimilate the actual policymaking proc-

esses, using the GMM and related method with own explanatory vari-

ables as instruments. Section３ concludes.
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２．Piecewise Policy Estimation: The Baseline Cases

We start with a brief description of the Taylor rule, mainly based

on Clarida, Gali, and Gertler（２０００）. The rule can be written as

rt＊＝r＊＋（Et,k－＊）＋E（xt,q）＋t， （１）

where rt＊: the nominal target policy rate（the federal funds rate for

the U.S.A., the treasury bill rate for the U.K., and the call rate for Ja-

pan）; r＊: the natural（equilibrium）nominal interest rate equal to

Wicksell’s natural rate; ＊: the target inflation rate; Et,k: the inflation

rate expected in period t for period k（k＞t）; E（xt,q）: excess demand for

output expected in period t for period q ; , : positive constants; E : the

expectation operator; and t: a disturbance term. To simplify analysis

we assume that policymakers use xt instead of E（xt,q）in their rate set-

ting（in other words, they set the rate approximating xt to E（xt,q））.

Also, Woodford（２００３）, among others, shows that, along with an in-

flation equation（Phillips curve equation）, the policy rule（１）can be

derived from the cost minimization of policymakers, the cost being the

weighted sum of squared deviations of inflation and the output gap

from the targets of two variables.

For the U.S. economy, we divide the whole（effective）estimation

period into １９６０：１（the first quarter of １９６０） through １９７９：４,

１９８０：１ through ２００１：４, and ２００２：１ through ２０１３：２. It was in

１９７９：４ that Paul Volker took office of the Fed Reserve Board chair-

man. The period２００１：４was around the bottom of the business cycle,

and growth rates of real GDP over past four periods（decimal values）

are ２００１：１＝０．０１９, ’０１：２＝０．００６, ’０１：３＝０．００３, ’０１：４＝０．００２, and

’０２：１＝０．０１０. Data were taken from the International Financial Sta-
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tistics of the International Monetary Fund.

To ascertain if the above period divisions are supported by statisti-

cal tests, we resort to Chow’s breakpoint test（Chow１９６０）, Quant-An-

drews’breakpoint test（Andrews １９９３）, and the Cusum-of-squares

test（Johnston and DiNardo １９９７）; see also Maddala and Kim（１９９８,

Ch.１３）, who suggest using casual, historical observations in conjunc-

tion with statistical tests in deciding the dates of structural change.

To apply Chow and Quant-Andrews tests, it is necessary to get an

OLS estimation of the rule for the whole period, １９６０：１ through

２０１３：２. In deriving the output gap, we use either the Hodrick-

Prescott（H-P）business cycle factor（logged output minus the trend

factor in the H-P filter）or estimated series of output on time trend

and trend squared. Since in this estimation of the whole period, the

second output gap did not take on a significant positive coefficient, I

only used an H-P filtered gap.

We denote ffa : the federal funds rate（a dependent variable; the last

letter a implies it is the U.S.’s）, egpa : expected inflation of the GDP de-

flator, qgpha : H-P filtered output gap. egpa is given by the estimated

value of inflation rate of the next period, which is regressed on the

current and one-period past inflation rates.１）Also, we include the pos-

sibility of policymakers to consider the level of foreign exchange re-

serves（lira）in rate setting. Though lira does not appear as a signifi-

cant variable in the whole period estimation, most of the piecewise es-

timations for the three periods of the three countries show the foreign

exchange reserves to be significant variables. The result turns out, for

period１９６０：１ through２０１３：２, as:
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ffa egpa qgpha lira

coefficient ４．８３６ ０．３２０ －０．００１

p -value ０．０００ ０．０００ ０．３３８; r２＝０．４２１, DW＝０．２５７

The intercept of the regression was present in estimation but is

omitted above. r２ is the coefficient of determination adjusted for the

degree of freedom. The low DW -ratio reflects a small number of ex-

planatory variables for a long range of period. Data for foreign ex-

change reserves（logged, in million dollars; the units of the U.K. and

Japanese counterparts are the same）were taken from the Main Eco-

nomic Indicators of the OECD and the International Financial Statis-

tics（IFS）of the International Monetary Fund;２） all the other data

used in this paper draw on the IFS.

In Chow’s test, if one posits the break dates to be １９８０：１ and

２００２：１, p -values of the F -statistic, log likelihood ratio and Wald statis-

tics are all zero under the null of no breaks, which support our break

points posited above.

Quant-Andrews’test, which concerns unknown breakpoints, detects

the date２００１：４ only, and for this date, three pairs of LR F -statistics

and Wald F -statistics, each including maximum, exponential, and aver-

age statistics, all show p -values of zero under the null of no break-

points. The test, however, failed to detect our another breakpoint

’８０：１, although the dip of real GDP growth rates was deeper around

’８０：１ than around ’０１：４.

Though I omit the graphical presentation of the Cusum-of-squares

（COS）test, the COS line stays out of the stability line（５% signifi-

cance level）at our breakpoints, which also supports our supposed

dates（see Johnston and DiNardo１９９７ for the test）.
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We first turn to the U.S.’s first period（’６０：１―’７９：４）. Anticipating

the total nine cases for the three countries, the output gaps using the

H-P filtered gap yield better results in all the（nine）cases, so that I

will exhibit the results with the latter measure. Most of the estima-

tions that follow use the generalized method of moments（GMM,

HAC）with lagged values of explanatory variables as instruments.

HAC is the estimation weighting matrix for this case.３）The last letter

a attached to the three variables implies country attribution; letter b

implies the variables belong to Great Britain, and j to Japan.４）

ffa egpa qgpha lira

coefficient ０．８１７ ０．６０２ －０．００９

p -value ０．０００ ０．０００ ０．０２２; r２＝０．６３１, prob（J-stat）＝０．１５１（２）

inst. lag ２ ２ ２

where qgpha is the business cycle factor of the Hodrick-Prescott filter

（the difference between logged output and the trend factor）. The row

‘inst. lag’exhibits the number of instruments used. For example,２below

egpa means that egpa（-１）and egpa（-２）served as the instruments. In

the above, the overidentified restriction is satisfied because it is larger

than０．０５, which means that the instruments are likely to be properly

chosen. See, e.g., Hamilton（１９９４, Ch.１４）or Davidson and MacKinnon

（２００４, Ch.９）for the overidentifying restrictions and J-statistics.

Using the GMM（White）, where White means the weighting matrix

for this case, the U.S. second period（’８０：１―’０１：４）yields

ffa egpa qgpha lira

coefficient １．０３０ ０．５２２ ０．０２３

p -value ０．０００ ０．００１ ０．０００; r２＝０．７８４, prob（J-stat）＝０．７８４（３）

inst.lag ２ ２ １
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Compared to U.S.’s other periods, the last of which will be shown

shortly, the coefficients on expected inflation exceeds unity in this pe-

riod, so the interest rate policy has been stable and countercyclical in

this period; see Clarida, Gali, and Gertler（１９９８, ２０００）, and Woodford

（２００１）.

In the third period（’０２：１―’１３：２）of this country, the very low in-

terest rate policy has been adopted since the end of２００８, but with the

GMM（White）, the estimation turns out satisfactory:

ffa egpa qgpha lira

coefficient ０．９５４ ０．４６２ －０．０３１

p -value ０．００７ ０．０２８ ０．０００; r２＝０．７５７, prob（J-stat）＝０．２７５（４）

inst．lag ２ ２ １

Note that in view of the coefficient on expected inflation, the rate set-

ting was not done in a stable manner.

Turning next to the estimation of the U.K., we first derive the pol-

icy rule relationship for the whole period,１９６０：１ through２０１４：１, us-

ing the OLS, which reads as

trb egpb qgphb lirb

coefficient ３．７４０ ０．５１１ ０．０００

p -value ０．０００ ０．０００ ０．８４３; r２＝０．３１８, DW＝０．１９８

where trb is the treasury bill rate which the Bank of England is con-

cerned with.

We will posit the three sub-periods as ’６０：１―’７５：１, ’７５：２―’００：４,

and ’０１：１―’１４：１. Chow’s breakpoint test supports this divisions, and

the COS test shows that the two breakpoints（’７５：１ and ’０１：１）stay

in the unstable region of regression coefficients. But Quant-An-

drews’test indicates one breakpoint, which is ’０６：１. However, assum-
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ing this breakpoint, probably because of few sample points in the

third period, the coefficient of egpb turns out insignificant（p＝０．５８５）,

though ’０６：１ belongs to an unstable coefficient region in the COS

test. For those reasons, we posit the second breakpoint to be ’０１：１.

The U.K.’s first period（’６０：１―’７５：１）was estimated using the lim-

ited information maximum likelihood method as

trb egpb qgphb lirb

coefficient ０．７０７ ２．１９７ －０．００６

p -value ０．００８ ０．００２ ０．４５０; r２＝－１．２７５ （５）

inst.lag １ ２ ２

The value of r２ is not important in the instrumental variable

method; see, e.g., Wooldridge（２０１４, Ch.１５）.

The second period（’７５：２―’００：４）of this country yields, using the

GMM（White）, the following result:

trb egpb qgphb lirb

coefficient ０．２７０ ０．６３９ －０．０１０

p -value ０．００２ ０．０２１ ０．０３８; r２＝０．２７６, prob（J-stat）＝０．１３５（６）

inst.lag ２ １ ２

The third period（’０１：１―’１４：１）of the U.K. produces the result, us-

ing the GMM（HAC）, that

trb egpb qgphb lirb

coefficient ０．０９９ ０．１０２ －０．０４６

p -value ０．０６２ ０．０３４ ０．０００; r２＝０．８０２, prob（J-stat）＝０．６４１（７）

inst. lag ２ ２ ２

We finally deal with the Japanese case. The estimation of the reac-

tion function for the whole period（１９５９：３―２０１３：１）uses the H-P fil-

tered output gap qgphj for the thrust on output demand.
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crj egpj qgphj lirj

coefficient ０．３３９ ０．１１２ －０．０１０

p -value ０．０００ ０．０９７ ０．０００; r２＝０．８０６, DW＝０．２４２

where crj stands for the call rate（short term interbank lending rate）.

For Japan we posit two breakpoints,１９７４：１ and１９９１：１; the former

is the next quarter of the first oil-supply shock, which is generally re-

garded as a major factor for Japan to terminate the‘high-growth pe-

riod,’while the second breakpoint represents the date when the‘bub-

ble period’and‘middle-size growth period’ended, and it entered the

‘low-growth period.’For those tentative breakpoints, Chow’s test sup-

ports them in terms of F -statistics, log-likelihood, and Wald-statistics

（their p -values are zero）.

Referring to Quant-Andrews’unknown breakpoint test, it indicates

１９７３：３ and１９８４：１; the former date is one-period preceding the first

oil shock（it occurred in ’７３：４）, while the latter is one-year earlier

than the start of the bubble period. Though this test suggests differ-

ent dates, using ’８４：１makes our three periods with quite unbalanced

lengths, so that we will adopt the date divisions we proposed initially.

Denoting the county attribution by j , Japan’s first period（’５９：

３―’７３：４）yields, using the GMM（HAC）:

crj egpj qgpj lirj

coefficient ０．１９０ ０．２６２ －０．００６

p -value ０．００３ ０．０５５ ０．０４５; r２＝２６１, prob（J-stat）＝０．５７６ （８）

inst. lag ２ ２ ２

Here as the output gap, we use the residual in the regression of

logged output on time-trend tr and its squared series with tr（１）＝１ at

１９７５：１. When the output gap is represented by H-P filtered qgphj , its

千葉大学 経済研究 第３７巻第１・２号（２０２２年７月）

（１１） １１



p -value is０．４７７.

The reaction function for the second period（’７５：１―’９０：４）was es-

timated with the GMM（HAC）as

crj egpj qgphj lirj

coefficient ０．４２３ １．２０３ －０．０１５

p -value ０．０３７ ０．００６ ０．０００; r２＝０．３９０, prob（J-stat）＝０．６６２（９）

inst.lag ２ １ ２

Finally, Japan’s third period（’９１：１―’１３：１）turned out with the

GMM（White）as

crj egpj qgpj lirj

coefficient ０．３３６ ０．０７６ －０．００９

p -values ０．００１ ０．００６ ０．０００; r２＝０．５７９, prob（J-stat）＝０．５５０（１０）

inst.lag １ １ ２

As in the previous period, the excess demand for products is repre-

sented by detrended output. If instead we use the business cycle fac-

tor of the Hodrick-Prescott filter qgphj , its coefficient has p＝０．８６４.

It is in order here to compare among the three countries the sizes

of coefficients for each of the three explanatory variables. If we write

the average of coefficients of the U.S.’s expected inflation rates egpa＊,

with the U.K. and Japanese counterparts egpb＊ and egpj＊, respectively,

we have

egpa＊＝０．９３４, egpb＊＝０．３５８, egpj＊＝０．２４６.

Similarly, the average coefficients of output gaps for the three coun-

tries, qgpa＊, qgpb＊, and qgpj＊, become

qgpa＊＝０．５２９, qgpb＊＝０．９７９, qgpj＊＝０．５３８,

Also, the averages of the effects on rate settings of foreign exchange

reserves are
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lira＊＝－０．０２１, lirb＊＝－０．０２８, lirj＊＝－０．０１０,

where the first-period lirb is excluded because the coefficient is not

significant.

From the above statistics one can get the following observations:

（i）The effect of expected inflation on the rate settings is largest in

the U.S., the U.K. comes the second, and Japan’s is the smallest. The

U.S.’s average is about three times those of the other two countries.

（ii）The output gaps affect rate settings to the largest degree in the

U.K., while the averages of the U.S. and Japan are of the similar size,

which are about half of the U.K.’s.

（iii）The effects of foreign exchange reserves（in absolute value）are

the largest in the U.K., and then come the U.S. and Japan. The aver-

age of the U.K. is about three times that of Japan.

３．Conclusions

This paper has examined the monetary policy reaction functions of

the three countries, the U.S.A., the U.K., and Japan, by dividing the

whole period of analysis into three sub-periods. Policy reaction func-

tions were supposed to be based on the Taylor rule. Although Taylor

himself has shown that his rule describes the policy process of indus-

trial countries reasonably well, since this rule involves two unknown

variables, the（real or nominal）natural interest rate and the output

gap, it will be a necessary and worthwhile step to estimate policy re-

action functions in time-series（historical）as well as cross-country

manners.

As for the output gap, we suppose two alternatives: the Hodrick-

Prescott filter and the residuals in the OLS of logged output on the
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quadratic time trend.

The main findings from our inquiry would be first that, except for

the U.K.’s first period, the level of foreign exchange reserves had

negative impacts on the policy rate setting.

The second point to be noted is that the policy rate responded to

higher expected inflation in the U.S.A. to the largest degree, which is

about three times that of the U.K. and Japan.

The third point having emerged from our study is that the re-

sponse of policy rates to the level of foreign exchange reserves, in ab-

solute value, was the largest in the U.K., the second being the U.S.A.,

and Japan was the smallest, where the size of the U.K. is about three

times that of Japan.

As is well known recently Taylor et al.（２０１０）, because of the U.S.

financial market turmoil starting a few years prior to２０１０, the policy

rates of the U.S. and the U.K. were stuck near the zero floor. Also, in

Japan the matters turned into a similar situation since around the

turn of the century. Hence the description of monetary policymaking

during these developments may need extra consideration, which will,

however, be left for another occasion.
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Notes

１）The next-period inflation rate gpa（１）is regressed on a constant, gpa and gpa（-１）. The

estimated inflation rate is expected inflation egpa（for gpa of the next period）. Since the

residual of the above estimation can be regarded as I（０）, i.e. covariance-stationary, egpa

is a rational expectation.

２）Since ∂ffa／∂lira is a semi-elasticity, where ffa is in decimal numbers, measuring units

of foreign exchange reserves do not affect the estimation.

３）From the two weighting matrixes HAC and White, I adopted the one with better p -

values and Prob（J-stat）in each case.

４）Concerning the policy rule estimation for the three countries with output gaps meas-

ured by quadratic trends or Hodrick-Prescott filters, I did not include as explanatory

variables, policy rates with one-period or two period lags, which represent policy smooth-

ing or policy inertia. The reasons for this include that smoothing will occur in shorter

time span like weekly or monthly bases, that various shocks did occur on rate-setting,

and that data are recently revised one rather than real-time one, as was described by

Rudebusch（２００２）.

（２０２２年５月６日受理）
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