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0il prices, commodity prices and American monetary policy, the last
operating through a variety of channels, have all figured prominently in
explanations of the international inflation process in the late 1960s and
early '70s. Our major purpose in this paper is to test these various
hypotheses. We do so in the context of a reduced-form rational-expectations
price equation which we estimate for the United States and seven other
industrial countries using quarterly data for the perded 1955 through
1976.1

One of our central concerns in the estimation of this model is the
properties of the demand for money function. Unlike many studies using
post-World War II time-series data that rely on the stock adjustment model,
we obtain what we regard as reasonable estimates of the parameters of the
long-run demand for money function--particularly the income elasticity-~
without having to posit unacceptably slow speeds of adjustment. The ad-
Jjustment mechanism impliciL in the estimated equation, in fact, is quite
different from the standard formulation.

For all eight countries we find evidence of second order seriél correla-
tion that is consistent with the existence of two types of error processes:
permanent stochastic shifts that féllow of ranéom walk aﬁd other types of
disturbances that, unlike the first sort, are transitory in nature. Hence,

a shock that alters the equilibrium rate of change of prices will gradually

be eliminated, but the level of prices will not necessarily return to its
original path.
With respect to the causes of inflation internationally, our results

suggests that domestic money supplies played the crucial role, In the seven
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foreign countries, monetary growth increased in response to both foreign

monetary pressures and domestic factors. In the United States, the
Teserve—currency country, domestic factors alone were'important,

Direct price-arbitrage appears to have little additional effect in most countries.
0il price shocks, however, may have made some contribution to the

increases in U.S. and most foreign price levels but relative to domestic money, they
were clearly of secondary importance.

The Structural and Reduced-Torm Price Equation

Three equations make up the basic model: a money demand function,
an aggregate supply function and an expected money equation.
The money demand function takes the fairly conventional form
(1) QUR), = o+ B30 + Byyr + Byr, |
where M/P is the log of real per capita cash balances, yP is the log of real per
capita permanent income, yT is transitory income--defined as the difference between
the logs of measured and permanent real income andr‘isthe}ogcﬁ?;he intergs?_;gg?:3
The aggregate supply function islof the form used by Lucas (1973).
) yp e = A yp et 9CBPE)
where P and P* are the logs of the actual and expected levels of prices,
respectively.
Expected prices in this framework represent the cost of production.
An increase in actual over expected price fools producers into believing
that there has been a riserin the relative price of their product and induces
an increase in output. The autocorrelation that is apparent in movements in
real output has been rationalized by Blinder and Fischer (1978) as the
result of using inventories to stabilize production, A positive price shock

leads suppliers to increase their sales partially from increased production
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and partially from drawihg down stocks of inventories. The shock will have
a delayed effect on output as inventories are replaced slowly over time.

By solving for real transitory income in equation (1), substituting
it into equation (2) and taking expected values of the variables, we derive
the following equation for expected prices,

= Mk - o - D _ T -
(3) P*® = Mi (o} Bl yg )\Bz yt'-l 83 rt ’
where the asterisk denotes expected values. Substituting this expression
into the aggregate supply equation (2) and rearranging terms yields the
reduced form price equation.
() Pp= -+ Mg - B ¥R - By Aypy - By Ty - _(882) (M-M¥) .
(1+¢Bz)
Given the equations for P and P*, we can also derive a reduced form

real output relationship,

5)  ye=wlgr e () .
. T8,

Using (5), we can then substitute for yg_l in the price equation (4)

to arrive at the alternative form:4
=M, - g - D - T a1 9‘ -
. 1854

The last term on the right hand sides of (4) and of (6) is the monetary
shock~-the difference between the actual and the expected values of the
nominal stock of money, The latter we determined empiricaliy, from a variety
of equations of the general form:
(7) M, = £(LM),X) s
where L 1s a lag operator and X i1s a vector of variables that enter the

monetary authority's reaction function.
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Estimates of the Price'Equation

In Table 1 we report the estimates of equation (6) using M2 as the
definition of money, the GNP or GDP deflator as the price variable and
Friedman's weighting scheme for our proxies for real permanent income.s The
coefficient for actual per aapita nominal noney balances we éonstrained to
unity, so the dependent variable was log (P/MZN), the log of the reciprocal
of real per capita momey balances, rather than simply log P.

In Table 2 we present the estimates of the expected money equations
that we used to construct the monetary shocks. Before turning to the price
equations themselves, let us briefly describe these results.

The final form of the expected money equation relates the current quarter's
change in the log of M2 to lagged values of itself, lagged transitory income,
lagged values of the balance of payments scaled by high-powered money and
the change in the lagged log,of U.S. M2.

For all countries at ieast one autoregressive money term, and usually
more, is statistically significant. Tfansitory income has the hypothesized
negative sign in all except Japan, but is significant at the 5% level in
only two of the countries, Italy and the U.S5.; and at the 10% level in one
other, the Netherlands. The balance of payments, though agaiﬂ of the correct
sign in 7 of 8 cases, iz significant at the 5% level in only two, Japan and the
U.K. and at the 10% level in two others, France and Italy. The lagged U.S.
monetary variable is significant at the 5% level in Canada and Germany
and the 10% level in France, the Netherlands, and the U,K, Tests for serial
correlation of the residuals of these equations revealed no significant
serial correlation in any of the eight equations.

Now let us turn to the price equations themselves. Since we found
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evidente of both first,and second order autocorrelation in the equations

for all eight countries, we used GLS with a second-order correction to estimate
the equations. The OLS estimates and GLS estimates based on a first-order
correction are given in the appendix. The reasdn for the autocorrelation is

a topic we return to in the next section.

In general, the equations fit the data reasonably well. The standard
errors, with the exceptions of those for the U.S. and the U.K., are all
between roughly 50 and 150 basis points. The R%s are respectable, four
.90 or above and all greater than .66.

The coefficients of permanent income and the intereét rate in these
equations are both well identified, being the same as in the money demand
function except that they are opposite in sign. The coefficients on the
lagged monetary shocks, however, are underidentified. They are a composite
of the coefficlent on transitory income B9 from the money demand functionm,
the price elasticity from the supply equation ¢, and for the lagged shock
terms, the autocorrelation coefficient from the supply equation A.

Still we can say something about the size and sign of the shock
variables. Since A should be positive and less than or equal to unity and
since 82 and ¢ are greater than or equal to zefo, the coefficient on the
contemporaneous shock>variable shoqld be negative and between zero and minus
one. The lagged terms should also be negative and declining in absolute
value by an exponential of A,

The results are fairly conesistent with these expectations; All of the
monetary shock variables have the correct sign. In every country, other
than Italy, the great majority are significant and they display a

general tendency to decline over time. The decline, however, is not
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monotonic and a number of the coefficients are greater then unity--three
significantly so.7

For the most part, our estimate of the parameters of the money demand
functions appear reasonable. The income elasticities—-with the exception of
the estimate for Italyof 1.82~~cluster about unity, ranging from a low of
approximately .60 for the U.K. to a high of approximately 1.3 for Germany.

The Italian income elasticity, moreover, we have reason to suspect is
biased upwards by measurement error in the income series we have used.
According to Martino (1980), tax evasion has led to a systematic under-
statement of the Italian income data in the post~World War II period.
This bias, he claims, has increased over time.

The estimate for the U.K. also may be somewhat biased due to institutional
change. The intwoduction of Competition and Credit Controls in 1971, |
led to 4le payment of more competitive rates of interest on CDs and hence
a substantial increase in’the ratio of CDs to other types of commercial
bank deposits., Our inability to accéunt for this change may ﬁean that our
_ estimated income elasticities are, therefore, less than the true values.

The interest elasticities are less satisfactory. For three countries—-
Germany, the U.K. andrthe U.8.--the elasticity estimates are fositive.8 Those
for the remaining five, though negative and similar in magnitude are significantly

different from zero at the .10 level or better in only four instances.

Implications for Money Demand

Our estimates of the price equations provide new and reasonably consistent
cross—country evidence on what we regard as two of the important unre~
solved questions of money demand. One is the magnitude of the parameters

of the long-run money demand function, in particular, the income elasticity.
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The other is the speed with which the mdnetary sector reaches equilibrium.
Studies with recent time~series data provide a disconcertingly broad range
of estimates of both., Many of these, moreover, ‘differ from what one would have
expected to find a priori. Comparison of two recent papers using multi-
country quarterly data samples similar to ours illustrates the problem.
In one, Samir Al-Khuri and Saleh M, Nsouli estimate money demand
functions of the simple stock~adjustment genre for M1 and M2 for six of
our eight countries over a sample period slightly shorter than ours.
As their paper's title implies, Al Khuri and Nsouli were chiefly concerned
with obtaining estimates of the speed of adjustment between actual and
desired cash balances. Most of these appear plausible: an adjustment of
30% or greater per quarter in 17 of 24 instances and for at least one
formulation for each country an adjustment in the 40-607 range. The problem
is, however, that the estimated long-run income elasticities in these
equations make almost no sense at all. In each of their four formulations,
the average of the individual country elasticities is 0.3 or lower and the
range is from slightly negative to a high of less than 0.6.
Another recent study by Jémes Boughton of the demand for money in
seven of our eight countries (he excludes the Netherlanés) produces results
at the opposite end of the spectrum. His estimates of long-run income
elasticities, also derived from a simple stock adjustment model and based
upon data for the period 1960-77, are a good deal higher than those of
Al-Khuri and Nsouli-~the mean of the elasticities for Ml is 1,27 and for
M2, 1.52., Furthermore, in only four instances, Ml in the U,S., M2 in the
U.K., for which‘no estimate could be obtained (the coefficient on the lagged

dependent variable being greater than unity) and both Ml and M2 in Italy,



for which the estimated'elasticities are both over 2.5, are there great
divergences from those averages. The difficulty is that the adjustment
coefficients for all of these countries are exceedingly low~-most falling
below 0.15 per quarter and none being much above 0.20.
The problem, therefore, is that statistically there appears to be a
tradeoff between the estimated values of the speed of adjustment and of
the income elasticity in the simple stock adjustment formulation. Relatively
rapid speeds of adjustment can be obtained, but at the expense of extremely
low income elasticities; higher income elastici;ies can be had but only
with much slower adjustments. That tradeoff, moreover, seems to be a
common result with postwar data not just a peculiarity of these two studies.
Our own belief is that the short-run adjustment is fairly rapid and

the income elasticity of demand for money fairly high--in the neighborhood

of unity and perhaps above for the countries with which we are dealing.
Stock adjustment speeds of between 5% and 10% per quarter imply that

it takes somevhere between 5 and 11 years for 90% of the gap between

money demand and méney supply to be closed. In a world in which there are

other financial assets, the existence of diseqﬁilibrium'for that length

of time is incongruoué .

The belief that the income elasticity is considerably higher than
often éstimated with postwar data is based upon the results of investiga-
tions of other bodies of data. Long—-term time series for the U.S. and U.K.,
cross-state data for the U.S,, and cross-country data are all examples.

In each of these instances, the estimated income elasticities range from
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slightly below unity to considerably above for various monetary alssets.:9

The results we have reported conform closely with these prior beliefs.
They, thus, stand in sharp contrast with the standard findings of studies
using post-World War II time-series data. We suspect that the source of
these differences is the manner in which various studies treat the adjust-
ment process whereby actual and desired money balances are equated.

The usual way of handling the adjustment process is to specify a
stock adjustment model that entails including a lagged-dependent variable
in the final estimating equafion. But, as Griliches (1961) has pointed
out, even if the lagged-dependent variablé is appropriate, the presence
of positive auto-correlation will bias the coefficient on the lagged-~
dependent variable upward, thus léading to the conclusion that the adjust-
ment process is slower than it actually is. A further problem is that
the lagged-dependent variable may "improve" an equation when the true
structure does not includé such an adjustment process if the autocorrelation
of the residuals is due to some othef misspecification.

Normally the stock adjustment process is modeled as follows:

® Fo0f —uo ) be

t - “t-l .

If M, is not a stationary series but rather is trend dominated, actual

money balances will consistently and unrealistically lag behind desired.
As an alternative to the conventional stock adjustment process we

initially chose to define one of the following form:

(9) Mt: =Ml +p0 g - Mi—l) toey y

This is equivalent to a standard first order autoregressive process:

(10) M,

M% + up and

(11) ug = pup-1 + g, o
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The GLS estimates'gf the price equation based on this model, however,
were unsatisfactory. The Durbin-Watson statistics on average were exceedingly
low, suggesting a more complicated structure for the errors. For this
reason we used a second-order model of the errors in the estimates we
report in Table 1. From the standpoint of the Durbin-Watson statistics
these equations are much more acceptable, though there is some evidence
of mild negative serial correlation remaining.

The problem with these estimates is that the autoregressive pattern
for the price equation appears to follow not only a second order process
but one which entails an overadjustment to last period's error and then
an offsetting adjustment to this error in the next period.

The weights associated with the lagged errors in Table 1 provide
a clue as to the possible nature of the adjustment process. Since the
autocorrelation correction is equivalent to a series of quasi-differencing
operations on all the variables, the fact the the coefficient on the first
lagged error term is equal to one plus the absolute value of the coefficient
on the second lagged term sugéests that the proper specification of tke
price equation entails a first.order correction of the first difference
of the dependent and independent variables,

(12) X - (I+p)X,.p + pX¢nd )
which in turn equals
(12a) (Xt—Xt_l) ~ p(Xp1~Xp-2) .

What possible arguments could justify such a specification? The most
obvious 1s that there are two types of error processes involved in our
estimation. First,there are stochastic shifts that follow an essentially

random walk process. For example, a shift in "tastes" or some error in
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measurement that affects the intercept in a once and for all fashion:

13) ap =ae g +ve
where a is the intercept and v is the error term which may or may not be
serially correlated. There is no reason for this type of error to be
adjusted away in subsequent periods. This drift means that a disturbance
from level equilibrium need never be eliminated and the level of desired
real money balances or correspondingly the price level will be subject to
the same sort of random walk.10
Our results also suggest that in addition to the random~walk process
there are other fypes of disturbances which are not permanent but which

are autocorrelated. Thus, if there is a shock which alters the equili~

brium rate of change of prices it will gradually be eliminated, but the

level of prices need not return to its origimal path.
For example, if the error term of equation (13) which describes the
behavior of the intercept term of the price equation were autocorrelated

and accounted for all the stochastic behavior of prices,we could write:

(15) a4

]

ayy t Ve

(16) Ve = PVl t o€

where £ 1s normally distributed, not serially-correlated with mean zero
and BX, represents all explanatory variables. In this case, we could

solve this series of equations and estimate the following:

(17) (Pt - Pt—l) - p(Pt_]_ - Pt-—2) = B[xt - Xt—l) - p(xt—l - Xt_Z)]
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If our interpretation of the error term is correct, the extremely
large coefficients on the lagged dependent variable and, hence, extremely
long periods of adjustment in equations estimated in level form are the
result of confusing the shorter term adjustment process with longer term
shifts., Similarly, the very low estimated income elasticities obtained
in other studies like that of Al-Khuri and Nsouli, who use a first differenced
equation and include both a lagged dependent variable and a correction
for first order serial correlation of the disturbances in that differenced
equation, also appear suspect. We conjecture that the
use of both the lagged dependent variable and the first-order auto-
regressive transformation i1s affecting both the estimates of the adjustment
process and the income coefficient.

Foreizn Shocks

The way in which international factors operate in the price equations
that we have presented is through the public's expected money function.
For almost all countries we have uncovered some evidence of an effect of
the balance-of-payments or of U.S. money--sometimes both--on the domestic
nominal stock of money. An internétional transmission mechanism of this
sort 1s consistent with theoretical models of fhe specie—fléw type. It
is not, however, consistent with the adjmstment mechanism posited in ;he
early literature of the monetary approach to the balance of payments or
with the mechansims implicit in various discussions of international infla-
tion that emphasize the role played by commodity and oil price shocks,

In the early monetary approach literature, the 'law of one price"

and international price-arbitrage were key areas of emphasis. Viewed

from that perspective, our price equations are misspecified.
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The way in which inflation is transmitted internationally in the
simplest models of this type is via price arbitrage. An increase in
inflation in the rest of the world leads to a near-instantaneous increase
in domestic inflation in the small open economy subject to a regime of
fixed exchange rates. This, in turn, leads to an excess demand for money
in the small economy, a balance of payments surplus and an increase in
the domestic nominal stock of money, in that order.

One way to test whether such effects are empirically important in
the context of our model is to add foreign price variables to our basic
equations. If price-arbitrage does provide an international link, and
unléss adjustment of the domestic nominal stock of money to an incipient
excess supply of, or demand for, money produced by increases in price
levels abroad were completed within the quarter, then these foreign price
variables should enter the equations positively and significantly,

To the extent that the domestic monetary authorities prevent the
adjustment of the domestic nominal supply of money to eliminate the excess
supply of or demand for money, real output will vary. If the coefficients
on transitory income in the demand for money function were close to unity,
the addition of foreign price variables may prove to be insignificant even
though they were respénsible for the change in the price level and the
opposite and equal change in real income. In this case, the change in real
 transitory income would be sufficient to offset the change in real balances
due to the price shock. In our model we avoid this simultaneity
problem by making transitory income endogenous and replacing its current

and lagged values with current and lagged values of the monetary shock variable.

11
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Table 3 summarizes the results of including the various price-shock
terms in our basic price equations.lzThe most interésting of the regression
estimates themselves~-those for the U.S. and oil price-~shocks~-are
contained in a series of tables in the appendix. In all instances—-for
each country and for each of the price shocks~-we used two measures of the
domestic price level: the CPI or other cost of living index as well as
the GNP or GDP deflator that we used in the regressions summarized above.
Again we estimated these equations via GLS.

In virtually every éase, moreover, we had to use a second-order auto-
regressive -model of the disturbances before we found no eivdence of significant
autocorrelation. That in and of itself is a finding of some interest
since a possible explanation for the findings reported above is that foreign
price shocks were omitted from the regressions. Such shocks conceivably
could be responsible for the apparent random-walk process we have uncovered.

Cur finding of little difference in the error process after inclusion
of the price shocks in the regressioﬁs, however, does not support that
hypothesis. Either something else is responsible or our price-shack
measures are highly imperfect proxies for the true shocks. The latter,
however, does not seem to be the case--at least with respect to oil and
other commodity price shocks. Estimating the basic equations over shorter
periods in which such shocks might be considered of liﬁtle importance, in
general, produced no substantial changes in our éstimates of the error process.

Now let us consider the‘test results, first those for the U.S. and
rest-of-world price variables, Here the evidence is quite mixed. Only
for Japan and the U.K, are both of the U.S. price variables significantly

greater than zero at a level of 10% or better. Rest-of-world prices are
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significant for both Frhnce, Japan and the U.K., in the deflator and the
CPI regressions, and for Italy in the CPI regression. Some evidence

of price arbitrage, therefore, exists but, even on the most favarable
interpretation of the evidence it is weak and hardly universal. Canada,
Germany and the Netherlands (relative to both measures of rest-of-world
prices) show little or no such effects, and Italv an inconsistent effect.
In most instances, moreover, the bulk of the effects show up after a lag
of two quarters or more.

Commodity prices, in general, do not fare well at all in the test of
price shock effects, The London Economist index of commodity prices is
only significant in four of the sixteen comparisons.

The variable that appears to have the most persistent influence is
the relative price of oil. With the deflator as the measure of the price
level, the oil price variable is significant at a level of 10% or better
in five countries: Canadé; Germany, Japan, the U.K. and the U.S. In one
other, France, the effect was nearly significant. Using the CPI, we found
significant effects for Japan again.as well as for France and Italy.

-Table 4 contains alternative estimates of the magnitude of these
effects on both measures of the price level fof all of fhe countries other
than the Netherlands.“ We omitted the Netherlands because its coefficients
were consistently negative, a problem to which we return below.

These estimates are for two periods, 1973:I to 1974:IV and 1973:I
to 1976:1V, and for both the CPI and deflator measures of the price level.
To derive them we first multiplied the ratio of the annualized ..

: change in the logarithm of the relative price of oil by the sum of the

oil-price coefficients in the relevant regression. We then divided that
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product by the annualiz;d change in the logarithm of the price level,

With relatively few exceptions, the ratios for the deflator fall in a
range of roughly 5% to 30%. These ratios, moreover, tend to decrease with
the length of the time period and the complexity of the error model used
in the underlying regressions. The median ratio for the period ending in
1974:1IV 1s 24.5% in the regressions with a first-order correction and 14.9%
in those with a seccnd-order regression., For the longer period, the
median ratios are 14.2% and 9.2% from the two types of regressions respectively.

The median ratios for the CPI exhibit the same general pattern: 27.€%
and 10.4% for the period ending 1974:1IV and 14.2% and 6.12 for the period
ending 1§76:IV in the two types of regressions.

Comparison of these estimates with those reported in a recent study
by Phillip Cagan of manufacturing industries in the United States nay
prove interesting. Cagan estimates that approximately 15% of the 17.0%
annual average rate of increase of manufacturing prices in 1972~74 or about
2.6 percentage points can be accounted for in terms of increases in oil
prices. Our own estimates are for the shorter 1973-74 period and for price
indices that place less weight on traded goods. Their range is from approxi-
mately equal to Cagan's to considerablv below.13

The estimate derived from the regressions with a first~order correction
are 24.5% of the increase in the deflator and 27.6% of the .increase in
the CPI, or 2.1 and 2.5 percentage.points respectively. Those derived
from the regressions with a second-order correction are a good deal lower:
4.1% of the deflator increase ( .3 percentage points) and 12,5% of the
CPI increase (or 1.12 percentage points).

There are, however, a number of problems with our TYesults that lead
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us to question how seriéusly they can be taken. The most obvious is the
negative coefficients obtained in a considerable number of cases: Canada,
Italy, Germany and the U.K. for at least one price variable and one type
of regression and the Netherlands, as we have already stated, for both
price variables and both types of regressions.,

For the deflator, which is based upon value added in production,
negative effects are possible but over periods of several years somewhat
implausible. For the CPI, which is an index of prices in consumption,
negative estimates for countries that do not produce petroleum make little
sense.

That difference in what the two prices indices measure, raises an
additional question. Even if we ignore the greater incidence of ﬁegative
sums of coefficients with the CPI on the grounds that the use of the second-
order correction may be unduly influencing the results, the CPI fares no
better than the deflator. VWe would have expected exactly the opposite.
Indeed that was the main reason we reestimated the price equations using
the CPI in place of the deflator, the price variable we used in developing
the basic model.

Equally disturbing is the lack of consisténcy in résults for the two
indices. Only for Japan do we obtain significant positive effects with both
price measures and both types of regressions.

A further problem, as Michael Darby (1980) has pointed out, is that
in a number of countries the removal of price controls occurred more or less
coincidentally with the rise in oil prices. Separating these effects

from those of oil prices on the price level is virtually impossible.
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Summary and Conclusions

Starting with a conventional money demand function, a Lucas-type
aggregate supply function and a general form of the public's expected money
function we have derived a reduced-form price equation that we have estimated
with quarterly data for the United States and seven other industrial countries
for a near 20 year period beginning in the late 1950s. We have then gone
on to use these equations to test a variety of hypotheses about the inter-
national inflation process during these years.

The equations themselves fit the data fairly well, Moreover, the parameter
estimates we obtain are both reasonably consistent across countries and
tolerably close to our prior expectations of magnitude and, in the case

of the monetary shocks, temporal pattern. We, therefore, have confidence

in using the equations as a basis for testing competing hypotheses.
The principal conclusion that emerges from this exercise is that
movements in doemstic money in all eight countries serve as the key link in

the process leading to changes in the domestic rates of inflation. The

factors that producéd cLa#gésrin the déméstic money stocks, however,
differed among countries. In theAseven foreign countries, international
factors-~the balance-of-payments or United States money, in.some instances,
both--had some influence in the expected money equations; in the United
States, the reserve currency countiy, they did not.

Foreign rates of inflation, as measured either by United States in-
flation and a rest of world inflation index, however, had a direct impact
on domestic rates of inflation in relatively few of the comparisons we
made. To the extent that inflation was actually transmitted from one country
to another, it appears to have been via channels such closer to a specie-

14

flow type mechanism than to the price-arbitrage mechanism.
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These findings, th;refore, point to the short-~run possibility of monetary
control. Other evidence, namely that foreign factors by no means pre-~
dominate in terms of explainability in the expected money equations, add
to this impression,
The other factor that may have had an influence upon domestic

inflation rates in these countries is increases in the relative price of

oil. The extent of the influence, though, is not easily ascértainable ffém
our comparisons. Viewed in terms of the results most favorable to the
hypothesis, the regressions with the corrections for first-order auto-
correlation, the oil price impact accounted for a substantial, but in most
countries, far from major prozortion of the inflation over the 1873~74
period. Viewed on the basis of the regressions with the second-order
correction, the effects are, in general, of considerably less magnitude
and may in fact be largely spurious.

The other major arearrequiring some additional discussion is the demand
for money. We find that in all of tﬁese countries, the rate of inflation
rather than level of prices is uniquely determined. This is consistent
with a number of other pieces of evidence. Our study using time series
of cross state data, the Huffman and Lothian paper on the United Kingdom
and several studies based upon time series data for the United States are
all examples.15

The cause of these stochastic shifts, however, so far has not been
determined. Measurement error, in either prices, real income or money 1is
a possibility. Omitted variables in the money demand function--the change

in "financial sophistication" used by Friedman and Schwartz (forthcoming)
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or the similar variable used by Bordo and Jonung in their long-term time-
éeries study--is another. Turther investigation of this question is
clearly of considerable importance. Our results suggest, however, that
the explanation will have to be applicable to more countries than just the

United States.
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Table &

Contribution of Changes im .Relative Oil Prices te Domestic Price Levels

GNP/GDP Deflator

1973:1 ~ 1974:1IV 1973:1 - 19876:1V
Country GLS 1 GLS -2 GLS I GLS 2
Canada 28.8 29.2 15.5 15.7
France 51.9 23.5 25.0 11.2
Germany 17.9 14.9 11.1 9.2
Italy 21.9 -4.6 12.5 -2.7
Japan 25.9 31.0 18.2 21.8
U.K. 7.3 . 4.0 3.3 1.8
U.S. 24,5 4.1 14.2 2.4
CP1/Cost of Living
Canada 17.0 -38.4 9.0 -20.4
France 58.1 52.2 30.1 27.0
Germany 9.3 -10.0 5.7 6.1
Italy 28.1 10.4 14.2 5.1
Japan 34.5 43.0 23.3 29.0
U.K. -8.8 -21.5 -3.5 -8.6
U.S. 27.6 - 12,5 16.4 7.4

Source: See Table 1.

Note: The above figures are the ratio of:

(1) the product of the change in logarithm of the relative price of oil

over the appropriate period and the sum of the oil-price coefficients in

the relevant regression to (2) the change in the logarithm of the Televant
domestic price index. The symbol GLS1 denotes a regreséion with a correction

for first-order autocorrelation; GLS2 a regression with a correction for second
order autocorrelation.
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NOTES

* Both authors are Vice Presidents, Economics Department, Citibank, N.A.,
and Research Associates, National Bureau of Economic Research, The authors
would like to acknowledge the able research assistance of Connie McCarthy
and the helpful comments of the other members of the NBER project on the
"International Transmission of Inflation," Michael R. Darby, Anna J. Schwartz
and Alan C. Stockman. The suggestions received from members of the Monetary
Workshop at Columbia University were also helpful. This work has been
funded by grants from the National Science Foundation (grant numbers APR76-
12334 and APR78-13072), Scaife Family Trusts, Alex C. Walker Educational
and Charitable Foundation, and Relm Foundation. This paper has not undergone
the review accorded official NBER publications; in particular, it has not
been submitted for approval by the Board of Directors and therefore is not
an official publication of the National Bureau.

1 The seven foreign countries are: Carada, France, Germany, Italy, Japan,

the Netherlands, and the United Kingdom. The data are taken from individual

country sources and are described in Lothian (1978).

2 See the paper by Cassese and Lothian using Granger causality tests, and by
Darby and Stockman, using a simultaneous model, for corroborative evidence
for these countries over this period. The study by Dewald and Marchon
and various papers in the conference volume edited by Brunner and Meltzer

also contain findings that are largely consistent with ours.

3 In the empirical work reported below, we use a long—terﬁ bond rate as the

interest rate variable to reduce problems of simultaneity.

The final form of the equation is similar to the equation estimated by

Barro (1978) with annual data for the United States.

5 Of the three monetary variables we tried, M1,,M2 and high~powered money, M2
performed the best. The estimated coefficients were more consistent among
countries and closer to what we regard as of plausible magnitude.

We derived the permanent income series using a lagarithmic version of

the method outlined in Darby (1972). The choice of weights was largely



6

10
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arbitrary, We wanted to use an a priori scheme and the two most likely
--Darby's (.10 annual weight) and Friedman's (.33 annual weight) produced

no appreciable differences in the estimates.

As Laidler (1980) has pointed out, having actual money on the righthand
side of the equation may lead to bias. Reestimating our equations with
expected rather than actual money however, produced virtually the same

results,

The estimated equations also include transitory income lagged seven quarters,
which is one more quarter than the maximum lag on the monetary shocks. In

no instance is this term significant. This is consistent with the assumption
implicit in our derivation of the price equation that the monetary shocks

account for movements in transitory income.

Recall that the interest elasticities are opposite in sign from the

regression ooefficients.

Laidler (1977) contains a summary of the long~term time-series evidence.

More recent studies include Huffman and Lothian who estimate demand functions
for high~powered money for tﬁe U.K. for the years 1833~1968 ‘and Friedman

and Schwartz (forthcoming), which present estimates for M2 for both the U.K.
and U,S. for the years 1874 to 1975, Gandolfi and Lothian contains estimates
from time series of cross-state data for the period 1929-68 and Lothian (1976)

estimates from time-series of cross—country data.

The papers by Coats and by Hafer and Hein present results for money demand functions
estimatedwithquarterlyU.S.datathwtareconsistentwiththisexplanation. The
authors of both papers claim that a first-differenced version of the equation
is warranted. Gordon finds the same thing in his study of longer-term U.S,

inflation.
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Darhy (1980) contains a more complete theoretical discussion of the impact

of o0il prices on the overall price level.

As measures of the relative price of o0il we used the ratio of the dollar
price of Venezuelan crude to either the U.S5. CPI or GNP deflator. As
measures of commodity prices, we used the ratio of the London Economist's
dollar based index of commodity to either the U.S. CPI or GNP deflator.
For each country, we calculated separate rest-of-world indices of the CPIs
or deflator as nominal-income weighted averages of the indices for the

seven foreign countries.

There is a further difference between Cagan's and our estimates. What
Cagan ' is measuring is impact effects. Our estimates, in contrast, im-
plicitly allow for subsequent adjustment of the relevant prices of other

products.

‘The two are not competing hypotheses. Both channels of transmission in

principle can operate at the same time. The important question is the

quantitative importance of the.one vis-a-vis the other within the relevant
time period.
It is important to note also that our results are for measured price

indices. Aggregation as well as measurement error may obscure the effects

of price arbitrage in individual markets.

See the studies cited above in footnote 8.
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