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THE NBER INTERNATIONAL TRANSMISSION MODEL:

THE MARK II DISEQUILIBRIUM VERSION, ESTIMATES AND LESSONS

by

Michael R. Darby*

This paper is an interim report on work in progress at the National
Bureau of Economic Research aimed at modeling the international trans-
mission of inflation through the world monetary system.1 It outlines the
initial estimating version of the model (the Mark II version), presents

the estimated model, and discusses the implications of these results for
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of the NBER project on "The International Transmission of Inflation through
the World Monetary System." My partners in this effort -- Arthur E. Gandolfi,
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numerable contributions to this modeling and created the NBER quarterly
international data base used in estimating the model. In particular, Alan

C. Stockman collaborated fully with the author on the estimation of the model
and in formulating plans for the Mark III version. The author acknowledges
the able research assistance of Daniel M. Laskar, Michael T. Melvin, and
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project Advisory Board and the UCLA Monetary Economics Workshop. This work
has been funded by grants from the National Science Foundation (grant number
APR76-12334), 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 a publication of
the National Bureau.

lAn earlier report is contained in Darby (1977b).



a revised Mark III model and other empirical ctudies.z The Mark II model

is a quarterly macroeconometric model of Canada, France, Germany, Italy,
Japan, the Netherlands, the United Kingdom, and the United States applied
to data from 1955 through 1976.

The primary purpose of the model is to provide a means for measuring
the relative importance of various channels by which inflation can be
transmitted from country to country. We hope to identify how the relative
importance of these channels has changed with changes in exchange rate
regimes. This will provide information on the implications for inflation
of alternative international monetary systems.

The Mark II model was proposed for the initial confrontation of the
theoretical conceptions with the data set. We had no illusions that no
major changes would result from this confrontation. As a result our work
has been aimed at maximizing the information obtained as to what an accept-
able model would look like. For this reason, we started with a consistent
model of sufficient generality to let the data guide us in our revision
although this model did not represent the single best guess of anyone on
the project as to what the final model would look like. In addition,
relatively simple, on-line, and inexpensive estimation techniques have been
used. When we are satisfied with the specification of the model, it will
be appropriate to utilize more sophisticated econometric techniques. The
empirical results reported here are for the pooled period or the fixed
exchange rate period only; the analysis of changes of exchange rate regimes

awaits construction of the Mark III model. The Mark II model has proved a

2Complete derivations and references for the individual equations of the finmal
model will be contained in the planned volume reporting the results of the
entire project.
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very successful learning tool for those who have worked on it and we report
those lessons here.

The Mark II model clearly distinguishes between the reserve-currency
country (the United States) and all others. In Darby (1979) it is shown that
in the long-run equilibrium, the world price level and inflation rate under ]
fixed exchange rates are determined entirely within the reserve-currency
country by its domestic demand for and supply of money. This is contrary
to the heuristic arguments of Swoboda (1976) and others who attribute price
level effects to domestic credit in proportion to country size. This long-
run result does not preclude interesting short-run adjustments as variations
in the U. S. inflation rate are transmitted through the international monetary
system. It is also possible that reverse causation will occur as U. S. money
supply and demand respond to short-run adjustments abroad. Under floating
exchange rates, all countries are in effect reserve countries (except as they
attempt to "stabilize" exchange rates) and a world inflation rate is no
longer an appropriate concept.

The model is presented first in Sections I through III: In Section I,
the U. S. submodel is presented with foreign variables treated as exogenous.
Section II displays the standard nonreserve country submodel. Section III
then explains how the submodels are integrated and highlights the parameters
which indicate the importance of alternative channels by which inflation is
transmitted. Section IV then examines the primarily econometric issues in-
volved in the estimation of the model. Next the estimated equations and alter-
pative forms are discussed in Section V. Finally plans for formulation of

the Mark III version are developed in Section VI.




I. The U.S. Submodel

The U.S. submodel has two alternative forms, one corresponding to a
fiat-reserve-currency country and the other to a commodity-reserve-currency
country. One hypothesis which we wigh to test is whether the U.S. shifted
from a commodity to fiat standard in the early 1960s and whether this resulted
in a worldwide inflation. For expositional purposes, we will start with the

simpler fiat case and then add the complications of the commodity case.

Notation

Capital letters are used to denote nominal (currency value) variables
and lower case letters are used for real (deflated) variables. The variables
will be defined as they are introduced and are collected for reference in
Table 1. The subscript 1 is used to denote the United States and the sub-
scripts 2 through 8 denote the other countries in our sample. All logarithms
are taken with respect to the natural base e. Asterisks are used to indicate

expected values formed in the previous period.
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Overview

The U.S. (fiat) submodel consists of five equations and two identities
which explain the endogenous variables real income Yqs price level Pl’
nominal interest rate Rl' unemployment rate Y, and nominal money supply, Hl‘

The first four variables are explained in a relatively standard semi-
reduced form model in which: (1) The long-run equilibrium values of real
variables are unaffected by nominal variables. (2) Unanticipated variations
in the nominal money supply, real government spending, strike activity, foreign
real income, and foreign prices have transitory effects on domestic real
variables.

A notable feature of the model is the endogeneity of the nominal money
supply. This variable is determined via a monetary policy reaction function
by unemployment, the price level, and interest rates.

Notably missing from both the list of endogenous variables and the monetary
policy reaction function are the exchange rate and the balance of payments.
The exchange rate for the reserve-currency country is identically equal to
one.3 The balance of payments is irrelevant and ill-defined for a fiat-
reserve-currency country. It might be defined formally as net foreign
government purchases of U,S. securities, but this will not affect U.S.

4
monetary policy as a gold flow would under a gold standard.

3That is the number of dollars per dollar El £1.

4We plan to test whether the U.S. monetary policy reaction function nonethe-
less showed a response to a balance-of-payments measure in the post-gold-
standard era. Preliminary work by John Price (1978) suggests it did not.
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We will nov present the U,S, fiat submodel equation-by~equation and

then summarize the discussion in tabular form,

The Price Level Equation

We use the same price level equation for both the reserve and nonreserve
countries. In the case of nonreserve countries it is designed to test for
the relative importance of direct price linkages;5 for the U.S. it captures
both the influence of foreign price shocks and the possibility of reverse
causation. The idea is that the price level is a weighted average of (1)
the price level that would equate the domestic nominal supply of and demand
for money and (2) the price level implied by complete international commodity
arbitrage.

The price level implied by domestic monetary equilibrium is

d
log Pl = log Hl - log =

1 -
M log Py = log My - [ + £)081,0 + E1ofy3 1og vy *+ E1oh 0 ¢
4 -

(-ty) 108 Phey/Prey) + E vieMy, eman!
where t is the time index and ﬁl is the innovation or unexpected portion of
the nominal money supply measured as log L ~-(log Ml)*° The short-run demand
for money in square brackets is taken from Carr and Darby (1977). It combines
a standard short-run demand for money with a transitory effect of monetary
shocks on money demand similar to Darby (1972). We intend to experiment

further with this specification, although it has performed well in preliminary

estimations of equation (1).6

5That is, to what extend does the "law of one price level™ determine the
prive level?

6Details are in M, R, Darby, "Estimates of Standard Short-Run Money
Demand Functions," Memo MD10, Sept. 23, 1977, available upon request.




The price level implied by complete international commodity arbitrage
is measured in our model by the income-weighted index Pf of prices in the other
countries converted by the exchange rates into dollars per unit of output,
The details of this calculation are given in Section III. Writers in the
monetary approach to the balance of payments literature point out that P?
may be multiplied by a constant factor of proportionality, but this goes
into the constant term upon taking logarithms,

Upon combining equation (1) with log PR and simplifying the notatiom,
the equation to be estimated is

(2) log By = B, + T, log P} + (1-T,) log M, + B,t + B, log v,
3 -
BByt By tos Oy /Pye) T B erMe1 T S

wvhere €,, is the stochastic disturbance. The weight Tl measures the importance

11
of direct price linkages relative to domestic conditions in determining the

price level, which we term the degree of price linkedness.

The Real Income Equation

The real income equation combines a partial adjustment toward the natural-
employnment level with the effects of unanticipated innovations in certain
stated macroeconomic variables plus those of others represented by a dis-

turbance term.

n
(3) logy) - logyy, ;) = ¥y + ¥, (og vy = log vy, )
+ innovation effects
The natural-employment real income will not grow steadily because booms and

recessions will have lasting effects on the capital stock and hence the level

7
of real income associated with the natural unemployment rate.

7Some preliminary calculations and estimates suggest that any adjustment of
the capital-labor ratio as predicted by meoclassical growth models proceeds at
too slow a pace to be detectible as a movement of natural-employment income
toward steady-state income.
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The most obvious approach —- and the one to be tried first — 4s to
Tepresent natural-employment income by permanent income y:. Logarithmic

permanent income is customarily calculated as

P. P
(4) 1log v, © (1-el)w11 + 61 log y, + (1-61) log 1,1

It 1s not practical to estimate the form which results from applying a Koyck-
type transformation to equations (3) and (4) because of numerous nonlinear con-
straints. So the permanent income approach would require estimating conditional
upon a value of 0 derived from previous research on permanent income and
checking that the results are not unacceptably dependent on the particular
value of 6 used.

We wish to include innovation effects for the major macroeconomic
shocks which are believed to affect real income: monetary policy, fiscal
policy, foreign real income shocks, and unusual strike activity. The first
three shocks operate through unexpected growth in aggregate demand for final
goods and inventory adjustments. We assume that their maximum effect is
achieved within one year and that thereafter any residual effects are eliminated
as indicated by the partial adjustment scheme (3). This implies that the
nominal money supply does not affect real income in the long run and that
there is complete long-run "crowding-out" of real income effects of fiscal
policy and foreign real income shocks. We are thus treating &8s negligible
any effects operating via the interest elasticity of money demand on the
investment-income ratio and the aggregate production function. The strike
variable will be measured as a ratio of man days lost to the civilian labor
force. These aggregate supply shocks appear to have a quick effect and
recovery which would be completely captured by a one-year distributed lag
on their level. We plan to check that the aggregate demand shocks enter as

innovations only and not also as anticipated levels.
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The combined real income equation to be estimated is

- P
(5) logy, =a;, +a, log yy,.9 * (1—012) 1og ¥;,.3

3 - 3 3
~ AR
+ Ia + I a 8 + Z y
ISR TG TR A B SR T Iy B L RS
3

A W EE LT Rt

where the fiscal policy innovation is measured as El = log 8 - (log gl)*.
the foreign real income shock is ;i{ = log y? « (log y;{)*, and the strike
variable is 8-

An alternative approach is to use Okun's law to replace (log ii_l-log %x-f
in equation (3) with Git-l- u;L_f. This at first does not appear.attractive
because the natural rate of unemployment u” is an unknown variable. If,
however, we take first differences of this unemployment version of equation

(3), we obtain
(6) logyy =21logy, ; =1logy, 5 ¥+ a0u,,
+ A(innovation effects)

where movements in u® other than trend are lumped into the disturbance.

This explains accelerations in the growth of real income by the lagged change
in the unemployment rate and distributed lags of the changes in the innovations.
A third alternative is to directly model the natural unemployment rate.

The unemployment rate approaches are alternatives for future use because

of the questionable nature and differing meaning of the unemployment data

in many countries in our sample.

The Unemployment Equation

Ideally we would like to determine the unemployment rate as either the

natural rate plus an Okun's Law type adjustment on log (y/yP) or else as the
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natural rate plus innovation effects corresponding to the real income
innovation effects a la Barro (1977). Either approach requires modeling the
natural unemployment rate for each country.

For the present we will assume that the natural unemployment rate
has followed a trend if it has changed at all, This means that we can stick

with the simple Okun's Law equatiom.
P
(7 uyp =¥y + Yyt Y3 1oe (/) * €y

An alternative approach similar to that used to derive equation (6)
is also of interest. Suppose that the unemployment rate displays a partial
adjustment to the lagged difference between the natural and actual unemploy-

ment rates and a response to the innovations present in the real income

equation.

(8) Au= A ) + innovation effects

n
11117101
1f we take first differences in (8) and again relegate changes in the natural

rate (aside from trend) to the disturbance term, then

= - €
(9) Au AlO + (1 All)Ault-l + A(innovation effects) + 13

1

So while we plan to try the permanent-income real income and unemployment

equations, we have good alternatives as well.

The Interest Rate Equation

We explain the U.S. nominal interest rate by a variable real interest
rate version of a Darby (1975) tax-effect modified Fisher equatiom. That is,

the nominal interest rate is the sum of an inflationary premium plus a

8Barro (1977) allows for no partial adjustment and instead uses long
distributed lags on the innovations. A more structured approach is desired
here.
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real before-tax interest rate:
(10) H - 611‘ * [(108 Plt"’l)* - 108 PJ + rl

The coefficient 611 of the expected (per snnum) inflation rate will exceed
unity 1f the effective marginal tax rate on interest income exceeds the
effective capital-gains tax rate on inflationary increases in capital value,
We assume that the real interest rate fluctuates around an invariant long-
run 610 in response to the aggregate demand innovations described in the

real income equation (5).9 So the equation to be estimated is

11) R1 = 610 + 611 4[(log Plt+l)* - log P1]

3 3 R
+ Ié L6 y + €

3 ~n
+ +
L 61,2+1 ’&t-i 1=0 1,641 glg-i =0 1,10+ “1t-4 14

i=0

The standard presumption is that positive money supply innovations temporarily
decrease the real interest rate while positive fiscal or foreign-real-

income innovations have the opposite effect.

The Money Supply Reaction Function

A recurrent problem with reaction function studies is that the goals
of policymakers change over time. We assume that these changes are gradual
so that they are small in any quarter relative to the perceived changes to
which the policymakers respond. This allows us to explain changes in (but
not levels of) monetary policy reasonably well on the basis of changes in
the policymakers' information set.10 Considerable empirical investigation of
money supply reaction functions has been carried out using this approach as

reported by Price (1978).

9A1ternative versions of such a tax-effect modified Fisher equation with var-
iable real interest rate are discussed and tested in Carr, Pesando, and Smith (1976).

IOA formal theoretical development of this approach is contained in Darby

(1977a).
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Our U.S. fiat money supply reaction function relates accelerations
in money supply growth to accelerations in interest rates, inflation, and

the unemployment rate.

(12) log M, =2 log My, _,; = log My ,+ "Ny + 7Ny (By = 2Ry, ) * Bye-2)

+ N, (log P -2 log P )

16-3 + log P

1t-2 1t-4

0y, (e o = 2up 3+ Uy ,) * 6y

The two quarter lags for the inflation and unemployment accelerations are
empirical reflections of recognition and inside lags. The Fed's standard
operating procedure involves contemporaneous interest rate stabilization,

so that term is not lagged. In this regard, our reaction function may

be regarded as a semi-reduced form explaining the mbney supply as determined
by the interaction of the banking system and credit policy. We anticipate
the need for further empirical experimentation with the lag structure in

the context of simultaneous estimation.

Expected Values

We have so far used four asterisked variables denoting expected values
formed in the previous quarter of the indicated variable. For the most
part, these expected values refer to the current or earlier periods and
are therefore based on past information. These values are treated as pre-
determined in estimating the model. The model estimates will be conditional
on the particular expectations formation schemes used, however.

Initially we are basing our expected values on univariate time series

analysis of each variable following Box and Jenkins (1970). This is not a full

T T T T o

RPN TAFTD 7 = W 7T wn

N TN PP T TR ST e meemee



13

rational expectations approach unless the cost of obtaining or using informa-
tion in other series is prohibitively costly.ll As the model 4is refined we
intend to formulate transfer function estimates of expected values which
are based on the own series and on other (lagged) variables which are impor~
tant in determining the current value, These more elaborately formulated
expectations can be used to check the robustness of our conditional estimates
of the model.

We are postponing the explicit modeling of (log P1t+1)* and other
future expectations required for the other country submodels until the
transfer functions have been fitted empirically. We are particularly
interested in seeing whether U,S. prices and money supply affect foreign
anticipated price levels.,

It should be observed that the expected values will generally differ
substantially from the predicted value of the corresponding equation in
the model. This is because of a difference in timing of information.
Consider for example (log Ml)* and the money reaction function. The
Federal Reserve System bases its behavior —- at least in part — on informa-
tion which comes available within the current period. That information is
unavailable at the time expectations are formed. Expectations are formed
based on expected values of the variables determining the Fed's monetary

policy, but innovations in those variables will contribute to the monetary

innovations ﬁl = Jlog Ml - (log Ml)*.lz

11l5ee parby (1976).

127me stochastic disturbance in the money reaction will also contribute
to monetary innovations.
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Summary of the U,S, Fiat Submodel

The fiat standard version of the U.S. submodel thus consists of the
five equations (2), (5), (7), (11), and (12), identity (4), and a second yet

unspecified identity defining (log P )* as a function of current and

lagged log P, and other variables., These equations and the variables in

1
the model are displayed in Table 2,

A fiat-reserve-currency country is the implicit standard case for most
macroeconomics, so the submodel follows generally familiar lines. Innovations
in the nominal money supply, real government spending, and foreign real
income have standard short-run effects on real income and the nominal interest
rate. The price level adjusts to equate nominal money demand to the anticipa-
ted nominal supply, with allowance for possible effects of foreign price
shocks. The endogenous nominal money supply —- surprising to some in
a "monetarist” model —- evolves over time in response to the effects on

interest rates of innovations in fiscal policy and foreign real income as

well as the evolution of inflation and unemployment and other shocks.

Gold Standard Amendments to the U.S. Submodel

This version of the U.S. submodel is proposed to test empirically

whether the U.S. was in fact on the gold standard during the early part of

our sample pefiod. It is an empirical question since it depends on whether

or not the Fed adjusted the money supply in response to changes in the gold

stock. If not, the fixed exchange rate of gold for dollars amounted to

no more than a price support program without substantial economic implicatioms.
There are two alternative explanations for the acceleration of U.S.

money supply growth in the 1960's and the consequent worldwide inflation:

(1) The removal of gold reserve requirements on Federal Reserve notes and

deposits may have freed the Fed from a powerful restraining force, Afterward
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it was free to pursue more rapid monetary growth than it would otherwise
have chosen, (2) The Fed paid no attention to the gold stock anyway.
The accelerated growth of the nominal money supply was in response to the
pressure on the interest rate of accelerating deficits to finance the
Vietnamese War. It is not, therefore, indicative of future accelerating
inflation absent such extraordinary fiscal shocks.
If the U.S, were de facto on a gold standard in the early part of our period,
the gold stock would enter the money reaction function. Some experimentalism
with lags and form will be necessary, but let us suppose for the current exposition
that we add to our money reaction function the change in the change in

the gold stock B Our alternative money reaction function would be

l.
12' ! = - -

(12%) log M) = 2 log My, o - log My, » + My + N (R-2R), ) + Ry, p)
+ n13(log Plt-2 - 2 log Plt—3 + log Plt-a)

2u

0y (g o =20 gty )

+nyg( By 5= B 3) + €

While the U.S. stood ready to exchange gold at $35 per ounce, it was the
residual supplier or demander of gold. The change in the U.S.gold stock
equalled the excess supply of gold taking account of all other international
supplies and demands. The excess supply of gold is an increasing function
of the price of gold relative to the equilibrium price of gold. The price
of gold in terms of goods is the inverse of the price level, so the price

ratio referred to is P:q/Pl. A linear version of the required excess demand

function 1is



16

2%
Q13) 31 - Ell + 512 log Fl_
Suppose that the equilibrium price level P;q follows a martingale with drift

in the logarithms

eq _ eq
(14) 1log Pl log Pl 513 + Y,

Taking first differences in equations (13), (14), substituting, and simpli-

fying the notation

(15) B, = B, + 0y, + 05 (log P, - log Plt-l) + €6

1 t-1
If the gold standard version (12') of the money reaction function proves

empirically interesting, we will proceed further with specification of the

gold stock change equation.




II. Nonreserve Country Submodels

All of the country submodels other than the United States have the
same form., We anticipate future modifications -- particularly in the money
supply reaction functions -- to tailor these models to national institutional
arrangements, but that has not been done yet., We present in this section
the prototypical model for country j (j = 2, 3, ..., 8), taking foreign
variables as exogenous. As with the U.S., the endogeneity of the foreign

variables will be introduced in Section II1I,

Overview

The real income, price level, and unemployment rate equations are the
same as in the U.S. submodel., These equations are of quite general form
and can accommodate national differences -- such as in price linkedness 15 -
by different parameter values. The nominal interest rate equation is

generalized to allow for interest arbitrage linkages. The money supply

reaction function -- as in the gold standard version of the U.S. submodel—
13
allows for possible influences of the balance of payments. The balance

of payments is determined by a generalization of the standard monetary

approach equation under pegged exchange rates. This generalization allows

for substitution effects due to changes in the purchasing power ratio as

well as the familiar liquidity effects due to excess money demand. Under
floating exchange rates the dual equation allows for possible transitory
effects on the purchasing power ratio from excess money demand and govern-
ment intervention in the foreign exchange market. Such government intervention

is determined by a stabilization function.

13 This influence is necessary but not sufficient both for the specie-
flow mechanism and for monetary adjustment under complete price linkedness
('I‘J = 1).
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The Price Level Equation

The price level equation is of the same form as the U.S. equation (2):

R
(16) 1log Pj le + Tj(log PJ + log Ej) + (l-TJ) log Ia + szg
3 -
+Bj3 log yj + Bj4R4 + BjS log (“jt-llet-l) + I 8j,6+iuj,t-i + Ejl

i=0

Here the coefficient of price linkedness Tj provides a ready measure of
the importance of direct price linkages, so much emphasized by the "global
14
monetarists," If this coefficient is small, then the effect of the balance

of payments on the money supply would be the main channel by which long-run

purchasing power parity at a fixed exchange rate could be achieved.

The Real Income Equation

The real income equation applicable to the U.S. holds generally, so

3
P A
+ A
+ ajz log yj,t-l + (l-ajz) log yj,t-l 1anj'3+iyj't'1
3

+ Ia
1o0 4,15+1%§,t-1

(17) 1log yj = ajl
3 3 ~R
+ ifoaj,11+1yj,t-1 tE

7+185, t-1 32

1‘0 j'
This approach also requires the definitional identity for permanent income

P_ g v - P
(18) log y, = (1-8,)y,, + 6, log y, + (1-6,) log ¥y o1

31
As with the U.S., we plan to consider an alternative unemployment-rate

approach to real income determination. It is generally supposed that foreign

real income shocks will be relatively more important for the smaller countries

l4gee Whitman (1975). Note that PR

3

verted into dollars per unit of output. Therefore the product Pj is in terms

is an index of foreign prices con-

of j currency per unit of output. Details of the calculation are in Section III.
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in our sample. We can check this hypothesis by examining the coefficients

uj'll’ LI ] aj.ll‘.

The Unemployment Equation

As with the U.S. submodel, we posit a simple Okun's Law relation

/yP) + €

(19) u + Y log (y 3

j2t Y

37 5 13 3 33

There is an alternative approach to be tried relating the change in the

unemployment rate to the lagged change and changes in the innovations.

Balance of Payments: Pegged Exchange Rates Case

The discussion that follows is simplified by defining the logarithm

of the purchasing power ratio as

R

20 Z log P, + log E, -1 P
(20) Qj L 8 Ey og P,
Since log P§ and log Pj are determined elsewhere in the model, determination

of Qj is equivalent to determining the logarithm of the exchange rate, log Ej'
In the monetary approach to the balance of payments and exchange rates,

it is generally assumed that Qj is always at its parity value because of

commodity arbitrage (the law of one price level). The balance of payments

is related to the difference between the nominal demand for (high-powered)

money and the nominal supply of (high-powered) money from sources other

than central bank foreign exchange operations. The logic of a depreciation

of the exchange rate is that it increases the domestic price level, which

increases nominal demand for high-powered money, which causes reserves to

flow in until the gap is filled. There is no role here for the specie-

flow mechanisy in which changes in Qj cause reserve flows by making tradable-

goods consumption less attractive and their production more attractive.
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s& to consider the possibility that inflation is transmitted through the
specie-flow mechanism, we must generalize the monetary approach.

Let us first consider the case of pegged exchange rates., In that
case we take exchange rates as exogenous. The balance of payments, as is
customary in the monetary approach, 1s scaled by taking it as a ratio to

high-powered money, or B, /H The scaled balance of payments is supposed

37y
normally to be some fraction of the logarithmic change in high-powered
money.15 This amount will be increased if monetary policy is used to
create an excess demand for money for the standard monetary approach reasons.
It will also be increased if the purchasing power ratio Qj exceeds its

parity value.16

A combined balance of pavments equation would be

B,
21) L =w

m 50 + wjl (log Hj - log Hj.t-l) + ijQj + wj3(1og Mj - log Pj)

3 ~
+ ijt + sz log yj + wj6Rj + ifowj.7+iMj.t-i + €j6

This equation is derived on the assumption that the parity value of Qj

follows a trend which can be incorporated in w,, and wj&' The influence

40

of the real supply of money relative to its real demand is measured by

ij and wj3, ij, cee wle'

indicates relative price level changes do have a role in explaining the

A significantly positive coefficient wjz

balance of payments as required for the specie-flow adjustment process.

17
Since the parity value of Qj may well follow a martingale with drift,

(H.-1 ) implies B,/H, » w, . (log H, - log Hj ).

15H te that B \ Y i

(o] =

16 ] 315 3=l 33 jl 3
This model is similar to that discussed in a no-growth context by

Connolly and Taylor (1976). However the variations in relative prices there

were between tradable and nontradable goods.

,t-1

l7That is, 1if 5 is the parity value, it may be that 6 =a+Q = + V, where
the_V's are uncorreldted random variables. This would be cénsistenl’wi%h changes
in Q, over time because of relative price changes for individual exports and imports.

See gtockman (1978) for evidence that ﬁj is nonstationary.
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the first difference form of equation (21) will be tried also.

Since the balance of payments is related, following the monetary approach,
to the change in the reserve component of high-powered money, we must use
the money multiplier u; to move from the money supply (determined by the
money supply reaction function) to high-powered money. We take the money
multiplier u as exogenously determined so that (the logarithm of) high-

powered money is defined by the identity

(22) log H, = log M, - log ¢

J J ]

Exchange Rates and Balance of Payments: Floating Exchange Rate Case

Under floating exchange rates, the monetary approach would suggest

that the exchange rate will adjust to equate Q, with its parity value given
1 3

R
k| ¥
pegged rate case, we must admit a corresponding possibility in the floating

log P, and log P If we are to allow Qj to differ from parity in the

case, particularly with regard to government "exchange-rate stabilization"
operations.

Writers in the monetary approach literature would argue that it would
make no difference to the guilder/dollar exchange rate, say, whether the
Dutch central bank achieved a given nominal money supply by purchasing U.S.
treasury bills or Netherlands treasury bills. We suppose that these assets
might not perfect substitutes so that there would be different net capital
flows -- and relative yields -~ in the two casea.lB These different net
capital flows would imply different net exports and values of Qj if the law

of one price level does not hold.

l%Milton Friedman suggested that a useful analogy would be to consider
whether 1t would affect the price of real estate if the Fed bought real estate
instead of U.S. treasury bills to achieve a given increase in the money supply.
Whether the effects are sufficiently small and transient to be negligible is
an empirical, not theoretical, question,
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The dual of equation (21) which we propose to estimate under floating

exchange rates is

!
(21') Qj = sz + zjl(log Bj - log Hj,t-l) + zjz Hj

+ 233 (log;ij

+ zj6Rj+ 150 zj,7+1mj,t-i + ej6

- log Pj) + zjat + z:I5 log Yy

~
L

If the law of one price level and perfect asset substitution are acceptable
empirical approximations,only factors determining the parity value of Qj -
here the constant and time — will enter.19 Here we allow for the possibility
of short-run effects on tﬁe parity ratio from exchange-market intervention

and monetary policy effects on real interest rates.

If we were dealing with clean floats, Bj,Hj would be exogenously set
independently of the exchange rate.zo In the dirty floats which we have
observed, there appears to be an attempt to stabilize the exchange rate.

So we assume that B, /H, is determined by a policy reaction function as a

33

distributed lag of current and past exchange rate changes:

Ei 3
(23) Hj = cjl + 1zocj’2+i (log Ej,t-i - log Ej,t-i-l) + Ej7

Money Supply Reaction Function

Movement to equili{brium under pegged exchange rates requires that an

increased balance of payments surplus lead to increased monetary growth.

19'rhen the equation would reduce to the standard monetary approach

equation (after first-differencing): Alog Ej = a + Alog Pj - Alog P? + V.

2OThis would not necessarily be zero since the Netherlands might wish
to invest transitory natural gas revenues in U.S. treasury bills for portfolio

reasons.
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This is true whether one emphasizes direct price linkages or specie-flows
as the adjustment -echaniom?I Thus the reserve currency reaction function
would be supplemented by a term in the change of the scaled balance of
payments,

Preliminary experimentation reported in Price (1978) suggests that the
scaled balance of payments should be lagged several quarters. This is
consistent with the standard central bank practice of automatically sterilizing
via open market operations the money supply effects of foreign exchange
operations,

Under pegged exchange rates the money supply reaction function would be

similar to that of the reserve currency under the gold standard:

(24) log M, = 2 log Mj

j - log th_z + njl + "jz(Rj - ZRjt-l + ch-z)

t-1

+ nj3 (log Pjt-Z - 2 log Pjt-3 + log Pjt-é)

* Ny Oyen = 295003 7 Uyeg)

B B
+ 1, D Gh, Ll +e
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The floating rate version would drop the an term, although we intend to

test whether this is in fact the case,

The Interest Rate Equation

As with the price equation, we wish to allow the data to determine

the relative importance of domestic forces and international forces (interest

21
It may be that pegged exchange rates are periodically adjusted instead

of monetary growth. Unfortunately it is empirically impossible to estimate a
reaction function for the infrequent exchange rate changes so we treat them as
exogenous shocks.
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arbitrage) in determining the nominal interest rate. Strict interest arbitrage
would relate the nominal interest rate to the U.S..nominal interest rate

and the expected growth rate per annum of the exchange rate., We add a term

in the scaled balance of payments to allow for variations in the risk

premium, Adding these to the domestic variables in the U.S. equation (11)

yields
(25) Rj - Gj jl 4[ (log Pjt+1)* - log Pj]
3 3 3
MR Y j:-i"‘ L%, sriBye-a ¥ Zo S1.100 ’3:—1

4[(log E - log Ej]

64,168 F 6515 yea1)*

B
§5,16 §1+ e
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Summary of the Standard Nonreserve Country Submodel: Pegged Exchange Rate Version

The pegged exchange rate version of the nonreserve country submodel is
presented in Table 3, which includes the yet unspecified identities for
expected future values. The major difference from the U.S. fiat submodel
is the potential importance of the scaled balance of payments in determining
the money supply. There is also an interest rate linkage and direct price
linkage which would probably be more important than in the U.S. case.

The nonreserve country money stock will evolve over time in response
to domestic shocks and the balance of payments., If the degree of price
linkedness is high, U.S. inflation would be transmitted directly,with the
nominal money supply then rising to make up for the inflation-induced fall
in the real money supply. Our model alternatively permits the purchasing

power ratio to get out of line (if price linkedness were low) so that the

R e a L TR
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balance of payments is increased via "expenditure-switching" and consequent
changes in absorption. This causes money and prices to rise over time until

the purchasing power ratio falls to its parity wvalue.

Changes for the Floating Exchange Rate Version

The minor changes required for the floating exchange rate version of
the nonreserve country submodel are presented in Table 4. If the addition
of equation (23) is spurious in the sense that the balance of payments is
an exogenous variable (say 0) due to nonintervention, then the model 1is
identical to the U.S. fiat submodel except that we happen to normalize on
the U.S. exchange rate and include the exchange rate equations here. We
choose to allow for the possibility of these countries having temporary

-effects on the purchasing power ratio via intervention so that the data can

decide the issue.

ST IESE e
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III. Ionternational Connections: Closing the Model

We close the model by making endogenous the previously predetermined
current foreign variables and combining the submodels. Nothing is required
for the U.S. interest rate R1 since it is already defined as endogenous in

the U.S. submodel. However all eight submodels have foreign real income

R
]

done by sixteen identities.

R) which must be defined. This is

and log PJ

and price variables (log y

The Foreign Real Income Identities

The operational measure of foreign real income for each country j
(] =1, ..., 8) is a nominal-income-weighted index of the real income of
the other seven countries, Our nominal-income weights are based on averages
for the entire sample period. First the overall nominal income weight

Vj is calculated for each country. This is done by converting nominal

income Y, into dollar equivalents via exchange rates and then calculating

3

mean nominal income Y/E, for the country over the sample period. The share

3

of each country in total mean nominal income is

Y/E
26) v.1 - B—_J_
I Y/E
q=1 1

The overall weight VJ is the share of country j in total mean nominal

income, For computing country j's foreign real income, we want the weight

of country i in the total mean nominal income of all countries other than j.

This is
(27) dyy = M for 1, § = 1, eea, 83 1 ¢ §
-V



27

These computed nominal income weights are used in our foreign real income

identities
R 8
(28) 1log yJ s ifldji log Yy - baseyj, Jj=1, «¢s, 8
i¥)

where baaeyj is the pumber that makes log y? average 0 over the base year.22
This index is algebraically equivalent to one which computes the growth rate
of foreign real income as the weighted (by dji) sum of the individual foreign

real income growth rates.

The Foreign Price Identity

The foreign price variable is an index of foreign prices converted
by the exchange rates into dollars per unit of real output. In terms of
levels, we divide country i's price index Pi (in i currency per unit of
output) by its exchange rate Ei (in 1 currency per dollar) to obtain the
price in dollars of a unit of output in i, Taking the weighted average

over all foreign countries of the log (Pi/Ei) gives our foreign price

identities.
R 8
(29) 1log Pj = 1§1 dji (log Pi - log Ei) - baser » 3=1, ..., 8
1¢3

where baser normalizes log P§ to zero in 1970.
Note that log P? 3 is the logarithm of a similar index computed

using the implicit exchange rate Ei/E of 1 currency per unit of j currency.

]
22 R _ _log yo
This corresponds to an index yJ z 08 yj which equals 1.000 in

+ log E

1970.
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This index P?EJ 4s the weighted average cost in j currency of a unit of
output abroad,
The sixteen identities (28) and (29) complete the model by making

foreign real income and prices endogenous.

International Transmission in the Mark II Model

There have been proposed in the literature a large number of channels
by which inflation can be transmitted internationally. The Mark II model
represents substantial progress toward empirical measurement of the importance
of these various channels.

Let us first consider the channels which existed under the pegged
exchange rate system. The extent to which prices are determined via commodity

arbitrage (the law of one price level) is measured by T,, the coefficient

3

of price linkedness., If Tj is near 1, as assumed in much of the monetary
approach literature, then country j's price level will adapt quickly to
the world price level with the nominal money supply passively adjusting
to changes in nominal money demand caused by world price level changes.
The speed with which the money supply adjusts would depend on the effect
of excess money demand on the scaled balance of payments and the effect
of the scaled balance of payments on the mominal money supply.

1f price linkedness is low, the world price level will not follow
U.S. price developments so closely. In particular an acceleration in U.S.
inflation would have little initial effect on the foreign country j's price
level but would instead increase the purchasing power ratio. This would
induce expenditure-switching increases in the scaled balance of payments

which would in turn lead to increases in the money supply. As the money

supply increases begin to affect country j's price level, the purchasing
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pover ratio will finally begin to fall, This process involves a catch-up
period of very rapid woney and price growth and finally a permanent increase
in these growth rates by the amount of the permanent increase in U.S.
inflltion.23

Interest rate and real income linkages are also included. We anticipate
that the most important effects of these linkages will operate through induced
changes in the nominal money supply. We have not yet provided for externmal
shocks such as OPEC and the famous Peruvian anchovies. The reason is that
the model has the potential to explain the worldwide price explosion of

the early 1970s without such dei ex machinae and we would like to see empirically

how much remains to be attributed to such shocks. Given their unique
pature any direct inclusion in the model at this point might well beg the
question,

Under flexible exchange rates, each country's inflation rate is sub-
stantially determined By its own domestic considerations. It may be that
its domestic monetary policy is influenced by the effects of foreign shocks.
An interesting question is whether government intervention in foreign exchange
markets has had a substantial effect on exchange rates. Such an effect
would be the dual of the ability of a government to exercise short-run
control of its nominal money supply under exchange rates via sterilization.

We hope to discover whether the accelerated U.S. nominal money supply
growth in the decade centered around 1970 can be attributed to abandonment
of the gold standard or to printing money to finance the Vietnamese War.

The answer to this question will be useful in assessing prospects for U.S.

inflation under present and alternative monetary arrangements.

2
3The dynamic analysis of such a system i{s quite complicated. It
will be discussed in a forthcoming paper by Dean Taylor and the author.
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IV. Estimation Methods

The standard two-stage least squares estimator does not exist for
the Mark II model because the number of predetermined variables (instru-
ments) exceeds the number of observations. It will be recalled that the
first stage consists of obtaining fitted values of the endogenous variables
from their reduced-form regression on all the instruments. The second
stage is an equation-by-equation OLS estimation of each structural equation
with the actual values of the endogenous variables replaced by their fitted
values. If the instruments are truly exogenous, they will be independent
of the disturbances in the structural equations and so too, the argument
goes, will be the fitted values of the endogenous variables. It is this
independence of the fitted values from the disturbances which removes the
problem of simultaneous equation bias.

Unfortunately the consistency of the 25LS estimator depends crucially
on the number of observations going to infinity while the number of imstru-
ments is fixed. Each instrument can be thought of as explaining the struc-
tural disturbances for one observation. In the extreme where the number of
instruments equals (or exceeds) the number of observations, the fitted values
will exactly equal the actual values for the endogenous variables so that
2SLS and OLS are identical and no simultaneous equation bias is removed.

If we wish to reduce simultaneous equation bias, we must restrict our
list of instruments to a number less than the number of observations. This
involves a tradeoff of less efficiency for less bias which has not been
analyzed in the literature. To the extent that the question has been con-
sidered at all; judgment appears to be the only guide as to how many and
which instruments to use. We plan to examine this issue rigorously in the
future and to perform a sensitivity analysis with the final form of the

model to determine how our 2SLS estimates converge to OLS estimates as we
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lengthen our list of instruments.

We have chosen to follow a country-by-country procedure for selecting
instrument lists. The first step is to form a basic instrument list for
each country consisting of the domestic exogenous and other predetermined
variables appearing in the submodel for that country. This basic list is
used to obtain fitted values for real income, the price level, and (for the
U.S. only) the nominal interest rate.24 These fitted values are then used
as if exogenous wherever they appear as foreign variables in the submodels
for other countries. Then each submodel was estimated separately based on
an instrument list consisting of the domestic instruments and the fitted
rest-of-world variables. Thus each submodel is estimated with an imstru-
ment list which has a number of variables less than half the number of
observations.

For each country this augmented instrument list resulted in a non-
invertible cross-products matrix. We have used the principal components
option in the TROLL system to obtain the approximately 20 principal com-
ponents which explain 100.0 percent of the generalized variance in the
instrument list. Having thus extracted virtually all the information in
the instrument list, we then carry out 2SLS using these principle components
as the right-hand variables (instruments) in estimating the fitted values
of the country's endogenous variables in the first stage.

It may be noted that in obtaining the fitted rest-of-world variables

ZaBecause of lagged values and identities, certain of the basic in-
struments had to be deleted in order to obtain a list with a cross-product
matrix which the computer could invert. Table 5 divides the basic instru-
ment list for each country into those which were used to estimate these
fitted values and those which were excluded. Some other variables were
not even included in the basic instrument list because they were by defini-
tion linear combinations of included variables.
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(instead of using principal components) we judgmentally deleted varisbles
showing high simple correlation with included variables to obtain an in-
vertible cross-products matrix. This was done because the TROLL package
does not permit recovery of first-stage fitted values based on the principal
components option. In the current case where both methods essentially span
the instrument 1list, it probably makes no difference which procedure is used.
When we reduce the number of instruments to conduct the sensitivity analysis
discussed previously, the results will be different in view of the nonin-
variance of principal components to linear transformations. This is another

interesting econometric issue to be explored further.
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V. Estimation Results

First-pass estimates of the fixed-exchange-rate Mark II model were
made for the entire period 1957-1 to 1976-IV. This was the longest avail-
able taking account of the required lagged values of some variables. We
do not believe that all of the equations were invariant with respect to
introduction of free convertibility (generally in 1958) and floating ex-
change rates (generally during 1971-1973). Nevertheless, we thought it
useful to have a set of estimates for the entire period with which alter-
native subperiod could be compared.

Our results are presented here on an equation-by-equation basis.
Money stock definitions depend on which copcept appears most consistent
with the country's economic institutions as judged by the real income,

price level, and reaction function equations (see Table 6).

Price Level Equations

The price level equationszsare generally very good in terms of
standard errors, §2,s’ and Durbin-Watson statistics as seen in Table 7.
The coefficients are generally as predicted by theory, except that the
estimated coefficients of price linkedness are all near zero. There are
arguments which suggest that this coefficient would be biased toward zero.
In response to insightful comments from Guy Stevens, we plan to remove the
foreign price level variable from the price level equations and move it to
the balance of payments sector as discusse& below. This makes the price
level equation simply the equality of (short-run) demand for and supply of

money. The revised equations are presented in Table 7A.

25Equat:lons (2) and (16) above.

e . - . - - . - S
aing : e AN S A 0 i il B s e gk d A icis b oA



k T

Real Income Equations

The estimated real income equation526reported in Table 8 presented
some surprises. Basically, these were (1) the relatively small t-statistics
on money innovations for most countries other than the United States and (2)
the extremely large estimated coefficients of foreign-real-income innovations.

The small money-innovation t-statistics might be due to: (1) the im-
potence of monetary shocks, (2) the passivity of monetary policy, particularly
under fixed exchange rates, (3) errors-in-the-variables due to our construc-
tion of the expected log M series, and (4) measurement errors generally. We
tested for the third possibility by adding anticipated money to the equation,
and concluded that there is some problem with our estimated log M* series for
Canada and Japan, but not elsewhere. We will work further on this once the
reaction functions are settled. We hope to differentiate between impotence
and passivity of monetary policy by contrasting the fixed and floating rate
periods as to estimated coefficients and size of innovations, but that work
is still in its early stages. Measurement errors are a generally confounding
problem for a considerable portion of our countries.

The more serious surprise was the very high foreign-real-income-innovation
coefficients. If they were true, this would indicate some channel of influence
other than the traditional export demand must be operative. However, we be-
lieve that the coefficients reflect correlation among real-income residuals
across countries which was not removed by our estimation method. First,

Table 8A shows that using real export innovations X instead of their proxies
?R results in reasonable coefficients. Secondly, Table BB shows that ending

the period at 1971 II eliminates substantial summed 9R coefficients for all

26Equations (5) and (17) above.
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countries except the United States, Canada, and Netherlands. The period
after 1971 II was characterized by widespread price controls which would
introduce correlated measurement errors in the deflated instruments and
real income. Therefore using fitted real income will not eliminate
simultaneous equation bias of this sort. Further, the creation of OPEC
may introduce further correlation in the residuals not eliminated by the
instruments. Since the problem does appear to be simultaneity bias, we
plan to switch to an exports innovation term in the Mark III model with
exports explained in the revised balance of payments sector.

We have not yet been able to obtain data on the strike variable
for most of our countries. We have therefore excluded it from estima-
tions of the real income equation to date. We currently plan to include

it in the Mark III on a where-available basis.
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Unemployment Equations

The estimated unemployment equation527are presented in Table 9. The
Durbin-Watson statistics were unacceptably low. The autocorrelated residuals
reflected rather gradual movements in the appareht natural rate of unemploy-
ment. Besides demographic factors, these may well reflect unreported changes
in the effective definition of unemployment reflected in these data. A re-
vised unemployment rate equation relating the change in the unemployment rate
to current and lagged logarithmic changes in real income is presented in
Table 9A. This performs well for the United States and passably for the
United Kingdom, Canada, and France. For the rest, changes in the unemploy-
ment rate appear uncorrelated with past and present changes in real output.
This will be explored further, but it may well reflect the tenuousness of

the defined unemployment data.

27Equations (5) and (19) above.
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Money Supply Reaction Functions ‘

28reported in Table 10 display a

The money supply reaction functions
spurious accuracy. The standard errors do not always compare well to the
standard deviation of the change in the growth rate.

Considerable work has been done here which indicates that the re-
action functions must be tailored to the individual country's institutions.
For example, Germany and Japan show much more substantial and immediate
money supply responses to balance of payments surpluses than is the norm.

We have found that the current chaﬁge in the scaled balance of payments
enters the reaction function for many nonreserve-currency countries and

we are planning to include it as well as lagged changes.29 Also the moving
average error process derived in Darby (1977a) and elaborated in John Price's
thesis is found to be important for most of the countries. For some coun-
tries where the unemployment data is suspect, we are experimenting with the
growth rate of real income in lieu of the change in the unemployment rate.

We also plan to try U.S. monetary accelerations for the nonreserve countries.
The interest rate coefficient apparently reflected the liquidity effect; so
following Barro (1977) we have substituted innovations in real government
spending as an alternative measure of fiscal pressure. It appears that these
changes will provide acceptable reaction fuﬁctions for our countries, although

the United Kingdom may be little improved relative to a random walk in the

money supply growth rate.

28Equations (12) and (24) above.

29Note however that the current effect is always in the range of
0.2 or less indicating nearly complete initial sterilizationm.
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Interest Rate and Balance of Payments Equations

The interest rate equationsao and the balance of payments equations

are reported in Tables 11 and 12 respectively. We are dissatisfied with them

and have adopted a new approach for the Mark III. This new approach is the

subject of the next section.

30Equations (11) and (25) above.

31Equation (21) above.
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VI. Moving to the Mark III Model

The specification of price-level, balance-of-payments, and interest-
rate equations in the Mark II model has proved to be inadequate. Primarily,
this is due to the empirical weakness of the monetary approach to the balance
of payments (MABP). The nearly complete current quarter sterilization and
barely detectible direct influence of foreign prices on domestic prices
means that the price equation de facto sets money supply and money demand
equal and that there is no excess money demand to be reflected in balance-
of-payments surpluses.

The apparent strength of MABP in previous empirical work seems to this
author to reflect nothing more than a spurious explanatory power due to the
fallacious assumption that "domestic credit" is exogenous?2 If total money
is what the central bank determines (either directly or via pegged interest
rates) with domestic credit variations reflecting sterilization‘of the
balance of pyaments, treating domestic credit as exogenous will give a
very good explanation of the balance of payments when combined with the
demand for money.

We propose to reformulate these equations in the Mark III so as to
be less sensitive to near zero values of the MABP parameters. As already
noted, the "price equation" will now simply require equality of money de-
mand and supply. The interest rate equation will be based on aggregate
demand equilibrium. The balance of payments will be broken into separate
import, export, and capital flow equations with the balance of payments
identity requiring asset market equilibrium. The strict MABP results

would still be possible if capital and trade flows proved sufficiently

32See Darby (1979).
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responsive to deviations from covered-interest and purchasing power parities.
In that case the money supply would adjust via the effect of the current bal-
ance of payments in the reaction function. But a lagged specie-flow type ad-
Justment would also be possible. Preliminary work along these lines is encour-
aging.

It is appropriate to conclude with a word of caution that the encouraging
results to date do not necessarily portend future success. Since we find it
very hard to conceal our undue optimism and enthusiasm, it is hoped that a

sincere request for suggestions for further improvements and tests will suffice.
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Table 1

Synbols Used in Mark II Model

B Balance of payments measured in billions of domestic currency units
(DCUs) per annum, (For nonreserve countries this is the official
reserve settlement basis. For the U.S., we will try changes in the
gold stock and the official reserve settlement basis,)

E Exchange rate in DCUs per U.S. dollar (E1 =1,

gj Fiscal policy variable. (We plan to try both NIA real government

spending and deficit.)

H High-powered (or base) money in billions of DCUs.

J
Mj Money stock in billions of DCUs. (We will try both M and H2
definitions to see which best fits the country's institutional
framework.)
Pj Price deflator for GNP (or GDP) in DCUs per base-year DCU. (1970 = 1,000)
P? Index of foreign prices converted by exchange rates into U.S. dollars
per base-year U.S. dollar.
Qj Purchasing power ratio (EjP§/PJ) in base-year DCUs per base-year U.S.
dollar.
R Short-term nominal interest rate in decimal per annum form. (Three-

months treasury bill yield where available.)

s Strike variable. (Man days lost per annum divided by civilian labor
force where available,)

t Time index (1955 I = 1, 1955 11 = 2, eté.)

Unemployment rate in decimal form.

yj Real GNP (or GDP if GNP unavailable) in billions of base-year DCUs.

1o SR TR e S ok ~ I T o s s e s . S T A 1 S W S I R T T T D T T




P

Permanent income in billions of base-year DCUs.

Index of foreign real income. (1970 = 1.000)

Money multiplier (;{1 S HJ/HJ).

L ey e s e
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Table 2

Fiat Standard Version of U.S. Submodel

Equations
R
(2) log P, = 811 + T1 log Pl + (l-Tl) log Ml + Blzt + 813 log Y
3
+ By Ry +Byg log O /Py ) 15081,64'1910-1 ten

P
(5) log y; =@y, +0a, log ¥y, * (1-012) 1og ¥y,

3 3 3
~ ~ AR
+ I + Za 8 + La 2
ZolawMer ¥ 20 e Bt T 21 T1e
3

+ 150 ) 15+i%1e-1 ¥ €12

P
(7) u =y, * Yot Yq3 log (yllyl) + €4

(11) Ry = 610 + 611 4[ (log P1t+1)* - log P1]

3 3 3

+ L& i .+I6 3. .+ L &
oo Lozt e=1 T D164 Bt T o

+ €

“~R
1,104¢1 Te-1 7 T14

(12) log M =2 log My, ) = log My o + My + My (B = 2gey ¥ B2
+ N4 (log Plt-z - 2 log Plt-3 + log Plt-a)
4y, (e 0= 29 3% 9ey) * 65

Identities

P _
@ log 3y T (-8)uy + 8 logy, + (1=8) log v,
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(=) (Qlog ’1.:+1’* £ £(log Pl' log Pl,t-l' ess)

ENDOGENOUS VARIABLES

P *
log Pl' log yl, u» Rl’ log Ml' log Yy» (log Pl,t+1)

PREDETERMINED VARIABLES

!xoggnous VarinBles

t, log 8; log ‘l,t-l’ log ‘1,1:—2' log ‘1,t-3' '1’ .l.t-l' .l,t-Z' .l.t"'3

Lagged Endogenous Variables

log My . 1s log ¥y o 50 log My o o5 108 Py o 40 108 Py o 50 108 Fy o 3

P
log Py o 4o 108 Yy o 30 108 5] 30 W) eoye Y1 e-20 Y1,e-30 Bpee1r BpLee2

Expected Values Based on Prior Information
(log )%, (log My )%, (log My , )% (log My . )%, (log g))*, (log g ¢ )%

R R R R
*® * * * *®
(108 SI.t_z) 1 ] (log gl’t-a)*l (log yl) ] (108 yl.t-l) ] (108 yl’t.z) ] (108 Yt_3)

Foreign Variables (endogenous in full model)

R R R R R
log Py, log ¥, log vy o 10 108 V) ¢ _p» 108 Y) ¢ 3



47

Table 3

Pegged Exchange Rate Version of Nonreserve Country Submodel

EQUATIONS
(16) 1log Pj - le + Tj(log P; + log !j) + (I-Tj) log "j + szt
3 "
+B‘13 log y_1 + BjAR‘ + BjS log (th-llet-l) + 150 83,6+4?3,:—1 + ‘11
P 3 s
(17) 1log yJ = ajl + ujz_ log yj,t-l + (1-°j2) log yj,t-l + 12()“3-3"'1“5":’1
3 . 3 AR g .
+ Za g 4+ Za Ye oq ¥ a s, .4 t €
e T Lo Ll IS S T 8 Aots U AP I Lo P 3
) 4
(19) uy = ¥yy + ¥yt Yy log (yj/yj) + €y,
Y
(21) e ij + wjl (log Hj - log Hj,t-l) + VJZQj + wj3(log Mj - log Pj)

3
3

+ M + €
+ wjét + sz log y‘1 + "j6Rj 150"1,74—1 -1 16

(24) log M, = 2 log Hj - log Hjt-2 + ",11 + an(Rj - 2Rjt-1 + Rjt-Z)

4 t-1

+ nj3 (log P:";._2 - 2 log Pjt-3 + log Pjt-ls)

Ny, Wy T Wy 3 LT

B B
+ndEd - 6D Jd+e
35" H' o~ Hy'e-3 35

= - e - o T - = —vyyp——q—r - v,
SRt PO A st £ cotg s mrgivopraralit. AP A Aot DL A SRS BN A e et APARS SISyt vt
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(25) Rj - 630 + 631 4[(log ’jt+1)* - log le
T ST TP N TP TR S S
gop Jo2+03e=1 7 20 O3,6+185e-1 T 20 Ug,1041 Tyt

+ 61.14R1 + 61.15 4[(log Ejt+1)* - log Bj]

B
3,16 if} teg,

+ ¢

IDENTITIES

P
(18) 1log y§ = (l-ej)wjl + Bj log yj + (1-61) log ,j,t-l

- R - P
(20) Qj Z log Pj + log Ej log 5

(22) 10g lj £ log uj - log My

-) (log Pj,t+1)* e £(log P,, log rl,t-l’ ees)

(<) (Qog Ej,t+1)* = f(log Ej’ log Ej,t-l' ees)

ENDOGENOUS VARIABLES

P *
log Pj’ log Yyr Yy Rj’ log M, leuj’ %?8 Ty log H,, Qj. (log Pj,t+1) ’

*
(log Ey 1)

PREDETERMINED VARIABLES

P RN

Exogenous Variables

t, log Ej’ log Ej,t-l’ log gj. log sj,t-l’ log 8j,t-2’ log 81.:-3’

®30 55,t-10 O5,t-20 ®y,e-30 108 Wy
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Lagged Endogenous Variables

(Bj,nj)t-Z' (lenj)t_s. log nj.t-l' log M -1 log ?3.:-2' log Hj,t-S‘
P

log Pj,t-l’ log ’3.:-2' log ?j,t-B’ log Pj,t-&' log ’j,t—l’ log yj,t-l'

%

Uy -1 Uy,e-20 V4,e-30 Bye-1 By ee2

Expected Values Based on Prior Information

(log Hj)*' (log Mj,t-l)*' (log “j,t-Z)*’ (log Hﬁ,t-B)*’ (log gj)*.
(log gy . _y)* (log gy . p)*» (log 8y,¢-3""% (108 yg)*. (log yﬁ’t_l)*.
(log ’?,:—2)*' (log y§’t_3)*

Foreign Variables (endogenous in full model)

R R R R R
Rys log Py, log vy, 108 ¥4 ¢ 3» log ¥y ¢20 108 Y5 3
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Table &

Floating Exchange Rate Version of Nonreserve Country Submodel:
Changes from Pegged Exchange Rate Version

EQUATIONS
Substitute for equation (21):
B
(21'") Qj = %5 + zjl(log Hj - log Hj,t-l) + z49 ﬁ}

+ zj3 (log Mj - log Pj) + zjbt + zjs log yj

3 ~
v
Y6ty T L Men Y B

Add:
El 3
(23) Hj = cjl + 1Eocj’2+1 (log Ej,t-i - log Ej,t—i—l) + ej7

ENDOGENOUS VARIABLES

Add: 1log Ej

PREDETERMINED VARIABLES

Exqggﬁous Variables

Delete: 1log E,, log E

j. J,t-1

Lagged Endogenous Variables

Add: log Ej,t-l’ log Ej,t-z’ log Ej,t—3’ log Ej,t-b



Country
(List name)

U.s.
@§domus)

U.K.
(idomuk)

Canada
(idomca)

France
(idomfr)

Germany
(idomge)

Italy
(idomit)

TABLE 5

[goic Domestic Instruments List

Instruments Included in List

log M(-l). log P(-1), log y(-1),
log y (-1). n(-2). u(-3). n(-é).

R(‘l)o R(-Z), “('1) M(-Z), H(-3)D

s. s(-l). a(-z). s(-3)

log M(-1), log P(-1), log u, log H(-1),

log y(-1), log yP(l-), u(-2), u(-3),
u(-4), R(-1), R(-2), H(-1), #(-2),
;(’l)p 8(’2)0 g('3)’

ﬁ('3)v E:

B/B(-2), B/H(-3), log E(-1)

log M(-1), log P(-1), log u, log y(-1),
log ' (-1), u(-2), u(-3), u(-4),

R(-l): R(-Z),

f(-1), H(-2), M(3),

g, 8(-1), £(-2), g(-3), B/H(-2),

B/B(-3), log E*, E(-3)

log M(-1), log P(-1), log u, log B(-1),

108 Y('l). u(-2), u(-3)0
R(-1), R(-2),

“(“4)3
fic-1y, fic-2), M(-3),

go g('l)o g('z)o g('3). B/n(-z)b

B/H(-3), log E*

log M(-1), log P(-l). log u, log H(-1)

1°g Y('l)p 108 y (‘1)’ U(-Z), u(-a)t
u(-4), R(-1), R(-2), H(-1), fi(-2),

g, £(-1), 8(-2), g(-3), B/H(-2),
B/H(-3), log E(-1), log E(-2)

('3).

log M(-1), log P(-1), log M, log y(-1),

u(-2), “(‘3)3 u(-a)o R(-1), R(-Z),

51

Instruments Excluded
Due to Multicollinearity

log M*, log M(-2),
log P*, log P(-2),
log P(=3), log P(-4),
t

log M*, log M(-2),
log P(-2), log P*(-2),
log P(~3), log P(-4)
log B, ¢t

log M*, log M(-2),
log H(-1), log P*,
log P(-2), log P(-3),
log P(-4), t

log M*, log M(-2),

log P(-2), log P(-3),
108 r(")u 108 ’P(ql)’
t

log M*, log l(-2),

log P(-2), log P(-3),
log P(-4), t,

E(-6) [this omitted due
to start date]

log M*, log M(-2),

. %(-1), log R(-1),

fi(-2), fi(-3), 2. 8(-1), §(-2), 8(-3),
B/H(-2), B/H(-3), log E*, ﬁ(—z). g3,

P(~4)

log P(-2), log P(-3),
log P(-4), log yP(-l).
t, £(-5) [this omitted
due to start date]



Japan

(idomja)

Netherlands
(idomne)

log M(-1), log P(-li. log ¥, log y(-1),
u(=2), u(=3), u(=4), R(-1), R(-2),
M(-1), M(-2), H(-3), 8, (-1), 8(-2),
£(-3), B/H(-2), B/B(-3), P(-3),

log E(-1), E(~4)

log M(-1), log P(-l). log u, log H(-1),
log y(~1), log y (-1). (-2). u(-3),
u(-4), R(-1), R(-2), H(-l). H(-Z). M(-3),
g, 8(-1), g(-2), g(-3), B/H(-2),

B/H(-3), log E*, £(-1), E(-3)

52

log M*, log M(-2),
log H(-1), log P(-2),
log P(~3), log P(-4),
log yP -1, t

log M*, log M(-2),

log P*, log P(-2),

log P(-3), log P(-4),
(-5). E(-G)

[The last two omitted

due to start date]



Table 6
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Money Stock Definitions for the NBER International

Country

Canada

France

Germany

Italy

Japan

Netherlands

United Kingdom

United States

Transmission Model

Money Concept

!

Comments

Slightly preferable to
for y and P equations,
but not reaction functions.

Tied for y and P equationms,
but better reaction function.

Slightly preferable for
y and P equations, prefer-
able for reaction functions.

Preferable for y equations
and reaction functionms.

Preferable for y equations
and reaction functions,

Slightly preferable for y
and P equations, preferable
for reaction functioms. '

Tied for y and P equations,
slightly preferred for
reaction functions.

Preferable for y equations
and reaction functions.

A e sy oy —— s S s
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TABLE 7
PRICE LEVEL EQUATIONS (2) AND (16)
Ra b a s = - =

Country Conat. log vu t log <._ wu log !un..w xu _.unln :._nan ] xunuu - $§.L.E. D-W

B T By2 By3 By Bys By6 8y7 By8 By
Uniced

States .353 .016 -.000385 -.0781 .00342 -.960 -.759 -.367 .0133 -.0160 .99976 L0013  1.78
(2.65) (2.33) (1.97)  (-3.1]) (6.24) (-35.5) (-4.0%) (-4.45) (1.57) (-.167)

Daited 1.84 ~.070 .00520  -.809 .865 -.739 -.475 0786  -.142 -.258  .99713 .0183  2.00
Kingdom (2.92) (-1.39) (2.96) (-3.17) a.mn) -1.17) (-1.97) (.598) (-1.12) (-1.93)

Germany -.294 -.018 -.0007 .036 .016 -.991 -1.114  -.128 -.301 -.287 .99929 .0063 1.34
(-2.16) (-1.41) (-2.09) (1.23) (0.32) (~40.10) (~12.53) (-2.49) (-5.86) (-5.24)

Setherlands -1.05 .03 -.0027 .138 03?7 -.818 -1.19 -.493 -.665 -.313  .9988 .0115 2.00
(-3.73) 0.91) (~2.50) (1.96) (-0.34) (-14.74) (-7.76) (-5.20) (-6.83) (=3.43)

Canada -.112 .006 -.00072  -.158 .189 -.620 -1.100 -.295 -.288 -.653  .99768 0117 2.29
(-.493) (.218) (-.948) (-2.24) (1.30) (-10.39)  (~7.49) (-2.64) (-2.74) (-6.10)

Frasce .081 .031 -.00001  -.051 .550 -.941 -.616 -.182 .032 027 99858 L0107 1.29
(0.26) (1.19) (-0.02) (-0.72) (6.00) (-22.26) (-3.09) (-1.57) (0.30) (0.23)

Icaly -1.772 047 -.002 .083 .359 ~.888 -.962 -.211 -.429 -.227  .99871 L0116 1.35
(~2.64) (1.02) (~2.49) (1.30) (1.66) (-18.73)  (-6.75) (-2.33) (=4.70) (-2.37)

Japan ~1.471 -.113 -.006 .13 1.424 -.998 -1.376  -.415 -.394 -.366  .99832 013 1.44
(~2.86) (~2.70) (-5.52) (2.33) (2.99) (-17.30)  (-7.11) (-4.45) (-4.10) (-3.51)

Period and Instrument Liste: 1957 I - 1976 III & I**M206 for US, UK, CA, Notes: (a) a.b appears as T, (log _.u + log E)) + (1-T,) log

IT, JA; 1957 1 - 1976 IV & I#%M2206 for PR, ] ] 3 ]

Mooey Definitions:

See Table

t-values 1in parenthesess.

Mm. and NE.

() u.“u appears as 8

15 log Az._n.L\—.._no—u .

zu.

Pe ST

ey T

Y T - — T it Y
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Table 7A
REVISED PRICE BQUATIONS (2) AND (16) WITH T = 0
A - ~ =2
Country Const. t log y, B logm, _a M s%L LI LI [y $.B.E. ¥
851 By2 By3 814 8ys Bye By7 88 Byo
United 435 .0007 -.101 .303 -.963 ~.900 ~.404 175 ~.040 .9997%  .00348 1.60
States (3.16) (3.92) (-4.29) .17 (-34.21) (-3.79) (=4.76) (2.03) (-.37)
United 1.602 .0043 -.678 .132 -.721 -.421 .099 -.115 -.224 99757  .0178
Kingdom  (2.76) (2.717) (-3.02) (3.65) (-8.21) (-1.87) (0.80) (~0.96) (-1.81)

Garmany -.214 -.0004 .016 044 ~.976 -1.152 -.132 -.303 ~.286 .99929  .00632 1.5%
(-1.72) (~1.55) (.62) (.98) (-46.84) (-12.61) (-2.57) (~5.89) (~5.19)

Netherlands -1.12 -.0033 .176 -.066 -.859 -1.25 -.519 -.694 -.332 99878  .0116 2.07
(-4.15) (-3.87) (3.08) (-.63) (-25.51) (~9.00) (-5.68) (-7.48) (-3.70)

Canada -.129 -.0008 -.151 .186 -.628 -1.10 -.290 -.285 -.644 99788  .0118 2.1
(~.57) (-1.03) (~2.18) (1.34) (~11.16) (~7.88) (-2.67) (-2.80) (~6.56)

Framce -.119 -.0005 .002 .550 -.984 -.608 -.173 .036 .041 .99856 .0108 1.32
(-.45) (-.87) (.04) (5.96) (-44.42) (-3.03) (-1.49) (.32) (.38)

Icaly -1.657 -.0026 .099 .482 -.932 -1.066 ~.192 -.416 -.208 .99877  .0117 1.43

) (-2.69) (-3.08) (1.54) 2.73) (~37.45) (-7.27) (~2.19) (-4.61) (-2.29)

Japan -1.919 -.0051 .072 1.545 -.868 -1.343 -.395 -.346 -.315 .99828 .0138 1.36
(-4.40) (~5.01) (1.44) (3.40) (-26.17) (~6.78) (-4.11) (-3.59) (~2.99)

Perfod: 1957 I - 1976 IV Notes: (a) 8,. sppears as 8,, log (M /P ) .

Instrument Lists: 1#4206 for US, UK, CA, IT, JA; 3 33 Je-1 ge-l

E**H2206 for FR, GE and NE.

Momey Definitions: Ses Table 6

t-values in parentheses.
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TABLE 8

REAL INCOME EQUATIONS (5) AND (17)

i
¢
§
H
i
3
1

> - R R - - - R “ub - - ~ !
Const. &- My Mot Mjee2 Moy 8y S4e-1 Sye-2  Bye3 Yy Yieel Vg2 Yye3 !
Country a4y 32 I E %4 a5 %6 %47 %4 %9 10 %1 %412 %43 8y, [ .E.B. D-W
United States 0078~ .0778  1.0583 .3178  .0046 .7532 .0103 .1025 .0354 .0216  .4397 1616 .3697 -,0990 .99834 .0084 1.74
(8.15) (2.3 (3.19) (1.50) (.02) (3.20) (.20) (1.89) (.70) (.41)  (3.06) (.93) (2.52) (-.63) m‘
United Kingdom 0034 2801 -.1104  -.0036 -.0590 -.1157 .1688 .0325 .1105 .0043 .3340 -3688  .3405 .1606  .99229 .0138 2.12
(3.39) (3.2 (-.7)  (-.06) (-.62) (-1.29) (3.32) (.54) (1.93) (.08) (1.57) (1.72) (1.59) (.75)
Canada (0106 0987 .2330  .1664  .0362 .0827 .0589 -.1314 .0084 ~-.0049 .1940 2262 .5742 -.1160 .99827 .0118 2.48 ¢
(.85)  (1.61) (1.74) (1.58) (.36) (.85) (1.06) (-2.33) (.16) (-.09) (.96) (1.15) (2.80) (~.54)
Prance 0125 0989  -.0713  .1737 -.0207 -.1815 .0823 -.00061 .0492 .0371 .0492 5550  .041S  .5446  .99692 .0177 32.27
(6.23)  (1.38) (-.18) (.90) (-.11) (-1.02) (2.24) (-.02) (1.26) (.92) (.18) (2.00) (.14) (1.96)
Germany 0105 0429 .1733  .0327 -.1115 -.0019 -.0326 .0021 -.00075 .0076 .4331 -2005  .1176 .5000  .99721 .0135 3.02

(6.88) (1.01) (.65) (.26) (-.94) (-.02) (-1.12) (.07) (-.03) (.27) (1.65) (.79) (.50) mn.nuv 1

lcaly -0095 =.0354 -.3691 .1696 .2992 -.1088 -.0210 -.0209 .0039 .0014 .0783 .7783 .1105 -.1809 99415  .0208 .n.un
(3.94) (-.49) (-1.15) (1.08) (1.87) (-.69) (-1.30) (-1.26) (.24) (.09) (.24) (2.08) (.32) (-.48)

Japan .0208 0019 .2700 -0040  ,2655 .0295 .0412 -.0547 .0484 -.0437 5107 -.2574 .7944 -.1850 .99918 .0152 1.69 .
(12.13) (.05) (.90) (.04) (2.37) (.25) (1.06) (-1.25) (1.34) (-1.24) (2.07) (-1.02) (3.15) (-.72) d

Netherlands -0093 .1270 L4071 -1849  .0383 .0881 .0479 -.0328 .0218 .004l -6273  .3143  .3040 .1720 -9%812 .0121 1.99
. (6.67) (2.53) (2.86) (1.93) (.41)  (.95) (1.42) (-.99) (.69) (.13)  (3.11) (1.61) (1.55) (.86)

wgiupouwuulwouo:. Notes: (a) D._» appears as o 2 log u-u.nl_. + (1-a ~v log uun'w
Instrument Lists: I*8206F1 for US, UK, CA, IT, JA 3 b

1442r1 tor Fr, GE, M. (b) .w,u.. are based on treating foreign fitted real income
Momey Definitions: See Table & 48 exogenous data series.

Resc e o

t-values in parentheses.




TABLE 8A
RXPORT INNOVATION Auuv VERSION OF REAL INCOME EQUATIONS

"~
s A ~
‘- ~ ~ ~ ~ ~ ~ ~ ~ ~ v ~

Consc. Yy J x:..w ::..N xunuu 8 $je-1  8yc-2 Bye3 Xy *1e-1 Jn-.n *3t-3

couptry b1 92 % %44 95 %6 %4 98 %o %10 %nir %12 %13 %9g, e S.E.E. D-§

United Staces .0080 .0701 1.1%08 .5155 =.0447 .9105 -.0359 .0951 0417 0652 0375 .0443 -~.0084 -.0275 «99811 .0090 1.88
Q.83) @.00) (3.34) (2.22) (-.18) (3.82) (-.63) (1.64) (.77) (1.16) (1.55) (1.68) (-.31) (-1.01)

United Kingdom .0058 +1109 = .0102 21124 ~,0652 -.1166 .1082 -,0313 1044 .0079 .1857 .0643 -.1057 .0117 «99383 .0125 2.09

Canada .0107 1186  .3477 .1833 .0352 189 =-.0173 -.1244 -.0102 -.0113 .1523 .0064 -.0062 .0920 99038 .0115 2.46

. (8.22) (2.07) An..ouv 1.92) a.uS- (1.99) (-.34) (-2.23) (-.19) (-.21) (3.74) (.15) (-.1%) (2.16)

Fecance .0126 .0280 .0636 .1870 .1371 -.0641 .0080 .0136 .0376 .0419 .1668 -.1004 .0282 04634 .99786 .0150 1.96
(2.51) (.46) (.20) (1.20) (.%0) (-.43) (.23) (.39) (1.07) (1.19) (5.04) 7».-.: (.81) (1.25)

Germany .0109 -.0024 .2721 .1038 -.0118 .0300 -.0413 .0315 -,0059 .0035 .2179 ~.0248 -.0390 -.0437 «99793 .0118 1.87
(8.23) (-.06) (1.41) (1.02) (-.12) (.30) (-1.69) (1.25) (~.25) (.14) (5.10) (-.56) (-.89) (-1.07)

Icaly 0077 -,0762 -,0021 .1507 .3152 ~-.1023 -.0118 -.0182 -.0017 .0050 -.0070 -.0579 -.0974 -.1452 -99536 .0189 1.92
(3.50) (~1.23) (-.01) (1.09) (2.21) (-.69) (-.81) (~1.24) (~.12) (.34) (=.12) (=1.05) (-1.73) (-2.59)

Japen .0207 .0039 .5560 .0771 .1859 .1577 .0192 -=,0339 .0397 -.0368 ~.0239 ~.00078 -.0169 .0124 . 99885 .0182 1.89
(10.12) (.09) (1.55) (.58) (1.42) (1.08) (.43) (-.73) (.92) (-.84) (-.68) (-.02) (~.50) (.32)

Nether lands .0100 .0870 .2869 0540 ~.0410 .0279 .0280 -.0170 .0286 .0450 1219 -,0400 .0278 -.0711 99816 .0120 1.720
(.27) (.74) @1.81) (.55) (-.42) (.29) (.84) (-.53) (.88) (1.38) (3.22) (-1.10) (.80) (~1.95)

. )
Period: 1957 I to 1976 1V Notes: (a) a

Instrument Lists:

Mowsy Definitions: See Table 6.

I#2206E) for US, UK, CA, IT, JA. i

P
2 Sppears as a, log <naw +Q QHNV log Yie-1°
I**M2E) for FR, GE, NE. ®) _

's are treated as exogenous.

h]

t~values ia parentheses.
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-

TABLE 83

REAL INCOME EQUATIONS (5) AND (17) POR TRUMCATED PERIOD

-

-

~ -

Ba - ~ - o . 2 2

Consc. 7§ " Mjeer Mje2 Mes $je-1 85e-2 843 Y Yie-1 Y2 Y-

Couatry 1 82 94, e %5 %e %y %e %9 S0 %y %y, 05 %14 i S.E.E. D-W

Untted Staces (061 0468 13819 0222 0718 .9549 -.009 1141 0390 -.0152 .3465 .170¢ .5301 -.1280 .9929 .0088 2.06
(.0 (112 (2.7 (0D (20) (2.8 (-.14) (.6 (5D (C.2) (1.70) (.18) (2.43) (-.62)

Usited Kingdom  .0067  .246L -.0152 .0339 .0199 -.0351 .1465 .04L7 .0929 .O7L -.1653 .1401 -.0350 .3018 999 .0l3 2.2
(.30 @59 (-12) (36 (2)  (-.38) (281 (.73)  (1.60) (.20) (-.70) (.60) (-.15) (1.29)

Conads 0102 -0965 L1717 01510 0053 -.0092 .0445 -.0904 .0041 -.0176 .3905 .0882 .6551 -.2440 99656 .0123
(G.40)  (1.30) (85)  (.03) (.04) (-.00) (.62) (-1.17) (.08) (-.25) (1.34) (.30) (2.16) (-.84)

Frence Q18 3T -.1229 L1306 -.1265 2552 0919  .OL46 0666 059 -.1558 .1774 -.1972 4041  .e9451  .a183 2.20
(6.30)  @.93) (-.28) (.36) (-.30) (.80) (2.09) (.33) (1.38) (1.22) (~.40) (.46) (-.54) (1.07)

Germeay D1 L0848 5846 -.0924 -.2454 1965 .04%0 .0LS0 -.0047 -.0265 .0550 .1805 .0285 .4086  .99588 .0133 1.7
(3:30)  (1.10) (1.83)  (-.51) (-1.33) (1.09) (-1.39) (.40) (-.16) (-.86) (.18) (.60) (.08) (1.25)

Tealy e (1826 L1667 .1333  .0869 .0859 -.0046 -.0078 -.0020 .0238 .1918 .1098 .0776 ~-.0093 .99645 .0133 2.41
(6:99) (2.0 (700 (.82) (.52) (500 (-.36) (-.62) (-.16) (1.88) (.58) (.33) (.20) (-.03)

Jepan -0255  .0563 -.0472  .0562 .2672 .2276 .0317 ~-.0622 .0741 ~.0386 -.1092 -.8091 -6183  -.2499 99886 .0l4l 2.25
(12.46) (1.00) (-.21)  (43)  (2.14) (1.63) (.4B) (=.79) (1.13) (~.52) (-.29) (-2.39) "(L.71) (-.78)

Setherlands Qs 0767 3886 .3262 2546  .1902  .0476  -.0402 -.00076 -.00005 .I519 .0468 .5079 .3297  .99696  .0116 2.02
(.49 (1.22) (1.35)  (2.23) (11D (1.46) (13D (-1.10) (-.02) (.001) (1.26) (.18) (1.67) (1.12)

Period: 1957 II - 1971 11

Iastrumeat Llsts:

188206F2 for US, UK, CA, IT, JA.
I**M2F) for FR, GE, ME.
Money Definitions: See Table 6

t-valuss in parentheses.

Motes: (a) a,: appears as euu log <Mno~ + Cnahnv log «u -1

(b) <”.- are based on treating foreign fitted real income

as exogenous data series.
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TABLE 9

UNEMPLOYMENT EQUATIONS (7) anp (19)

Country Const, t Log (v, \wwv i 5.3.8. -4
n Y32 Y13

Uaited States . 0481 000094 ~-.361 821 .00557 .32
(12.9) (3.44) (-18.2)

United Kingdom .00778 .000306 -.228 1M .00653 56
(6.55) (13.7) (-9.46)

Gernany .0273 -.000188 -.379 .866 ,00501 1.0
(18.8) (-6.88) (-22.7)

Netherlonds -.00135 .000381 -.23% 614 00687 .30
(-.703) (10.6) (~2.49)

Canada . 0482 .000151 ~-.421 467 .00851 49
(20.44) (3.41) (-9.19

France -.0046 .00035 -.1808 .916 .0030 1.15
(~5.98) (24.15) (-15.78)

Icaly .060 -.00044 -.220 .601 .0085 .29
(25.42) (-9.88) (-7.739)

Japan .008 .00007 -.038 .655 .0019 .27
(16.24) (7.61) (-9.33%)

Period: 1957 I - 1976 IIX
Instrument Lists: I8MK206
t~valuss in parentheses
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TABLE 9a

CHANGE IN UNEMPLOYMENT RATE REGRESSED OM DISTRIBUTED LAG OF REAL INCOME GROWTM

7 . :
- + 2 :
?-u .Jp »mo <u 2+1 Alog Yy, :
n¢=-n. Alog <u Alog <unu~ Alog <un:~ Alog <“nuu Alog «unca Alog «unau Alog «unno Alog «unn~ " :
Couatry 31 Y2 Y43 A Yys Yy vy Yy Yy i $.5.5. >y
UYaited .004 -.172 -.193 ~.052 ~-.069 061 .022 -.043 -.040 . 8068 .00187 1.49
States (10.49) (~5.57) (-7.74) (-2.20) (-2.97) (2.6)) (0.91) (-1.75) (-1.90)
United .002 -.114 -.024 -.054 -.055 -.028 -.020 ~-.019 .004 .2673 .00178 1.57
Kingdoa (6.25) (-4.89) (~1.69) (-3.84) (-3.84) (-1.96) (-1.46) (-1.34) (.26)
Garnsny .003 ~-.230 -.039 -.058 -.0006 . 041 -.040 .008 .036 .0588 00362 2.49
(3.33) (~4.66) (-1.29) (-2.02) (~.02) (1.4)) (-1.38) (.26) (1.31)
Netharlands .002 -.092 -.027 -.016 ~.014 -.015 -.002 .004 .002 .1094 «00169 1.15 :
(4.91) (-4.04) (-1.83) (-1.18) (-1.00) (-1.09) (-.14) (.25) (.14)
Conada .002 -.131 -.079 -.044 -.004 -.051 .005 .103 .046 1328 .00385
(1.65) (-2.29) (-2.19) (-1.17) (~.10) (-1.37) (.13) (3.06) (1.44)
Pxamce .002 ~. 045 -.032 -.022 -.016 -.004 -.008 -.002 .006 .3519 .000974 1.76
(6.26) (-4.00) (-5.15) (-3.43) (-2.52) (-.66) (-1.28) (-.23) (1.13)
Italy .001 -.004 -.050 -.014 -.031 -.043 .0009 .004 -.016 -.0244 .00405 2.04 .
(1.06) (-.12) (-1.44) (~.42) (-.92) (-1.27) (.03) (.11) (~.48) ‘
Japen . 0006 -.02) .0001 -.002 -.006 -. 004 -.006 -.0004 014 -.0619 000948 3.01 ;
(1.97) (-2.16) (.02) (-.30) (-.80) (-.51) (-.85) (~.06) (1.93)

Period: 1957 I - 1976 Iv.
Instrument Lists: I4M2206.

t-values in parentheses.
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TABLE 10
MONEY SUPPLY REACTION FUNCTIONS (12) AMD (24)

2 2 2
Const. a wu a —-hn|~ a .—uncn >An»\=uvno~
Cougtry " N2 43 i4 "5 T $.r.2. D-w
United Scates .000126 .003 -.0246 .289 — .99953 .00568 .14
(.197) 2.57) (-.156) Q.51
United Kingdom .000684 -.797 -.0948 -3.30 .0202 .99528 .0220 2.81
(.278) (-3.41) (~.752) (-2.17) (.574)
Germany -.00047 -.123 .0016 -4ld .036 .99859 .0202 3.08 .
(.21) (-0.63) (.005) (-0.78) (-1.38) ]
Netherlands .00102 3% -.095 .266 .0123 .99876 .0206 2.98
(.445) (1.68) (-0.65) (0.15) (0.34) _
Canada .00046 -.3856 -.086 -.0019 -.1104 99757 .020 2.51 u
(.204) (-1.17) (-.935) (-.321) (-2.24) ‘
Praace .00049 -.421 -4l -1.82 .110 .99949 0163 2.5
(0.31) (-2.37) (-2.25) (~1.06) (2.26)
Italy .00017 .129 .152 -.517 .167 .99933 .0214 3.04
(.07) (.23) (m (-1.21) a.m
Japen .000015 -4.420 -.158 -2.516 -.065 .99958 .0200 2.62
(.007) (-1.74) (-.904) (-1.34) (-1.31)

Porjod and Imstrument Lists: 1957 I - 1976 III and I%4MK206 for US, UK, CA, IT, JA;

1957 1 - 1976 1V and 13%M2206 for FR, GE, and NE.
Money Defimfitions: See Table 6.

t-values in parentheses.
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TABLE]]

INTEREST RATE EQUATIONS (25) AND (11)

~

P " ~ - "R “R R “R
Consc. Alog % My My M2 M3 8 Bye-1 By Byp-3 Y Yeer Yeez Yen M1 mioge®™® Y4
Country oho au— auw ouu ah& auw auo auw oh@ uue mhwc auww ahww auwu auna aupu ohwhc R S.E.E. D-W
United .0161 .135 -.119  -.0690 ~.157 -.0432 -,0626 -.0238 .00092 -.0022 .321 .378 .343 .110 -_— - - .750 .00848 1.10
States (6.21) (13.3) (-.345) (-.336) (-.672) (-.189( (-1.18) (-.444) (.0180) (~.428) (2.63) (3.16) (2.94) (.950)
Uniced .00690 .310 -.447 ~-.2217 -.237 -.237 -.0344 .0103 -.0307 -.092 -.0057 .134 .278 .110 .630 277 -.103 .741 .0126 1.64
Kingdos (1.15) (3.52) (-3.20) (-2.60) (-2.46) (-2.49) (~.690) (.186) (-.590) (~1.68) (-.023) (.50) (.919) (.432) (3.83) (1.65) (~2.73)
Germsny -.0213 .803 -.436 -.387 -.287 .0814 . 0845 .0419 -.00102 -.0349 -.236 124 .287 ~.315 .694 .0347 .269 .304 .0215 1.66
(-1.74)(2.57) (-1.18) (-1.86) (-1.40) (.354) (1.49) (.893) (-.0208)(-.667) (-.588) (.293) (.691) (-.820)(3.47) (.735) (3.25)
Mether- .00715 -.0399 .270 -.00120 ~-,0507 -.130 .0370 -.000474 .0536 .0475 -.464 -.454 .0388 .238 .716 -.0158 .0665 .480 .0129 1.12
lands (.984) (~.206)(1.19) (-.0117)(-.495) (-1.315)(.986) (-.0135) (1.51) (1.36) (-2.18) (-2.25)(.173) (.974) (4.40) (~.537) (1.17)
Canads .008 .299 -.585 -.200 ~.130 -.061 ~.125 -.035 .026 .051 .131 -.328 -.357 -.286 .603 -.001 -.017 .646 .0109 1.31
(1.94) (3.74) (-3.95) (-2.08) (-1.36) (-.605) (-2.32) (~.674) (.496) (1.01) (.656) (-1.72)(-1.92)(~1.48)(6.20) (-.014) (-.268)
France ~-.028 -.716 -.922 -.206 -~.022 0.056 .009 ~-.005 ~.134 ~-.030 .360 .297 379 -.330 1.04 . 0006 .241 .215 .0221 1.61
(-1.69)(2.92) (-.182) (-.96) (-.098) (-.26) (.17) (~-.11) (-2.20) (-.60) (.78) (.58) (.B2) (~.20) (5.74) (.01) (1.70)
Italy .040 .211 ~-.315 -.036 -.046 .082 .008 -.002 .017 -.012 -.167 -.064 .125 ~,537 .269 .110 . 066 .363 ,0142 .76
(5.74) (2.73) (-1.59) (-.32) (-.42) (.74) (,71) (=.13) (1.51) (-1.06) (-.659) (-2.8) (.48) (-2.23)(1.91) (2.74) (.73)
Japan .081 .073 -.181 -.084 -.037 ~.085 -.006 .005 -.006 -.005 -.156 -.228 ~-.187 -.155 -.137 .044 .041 .368 .0047 1.19
(66.95) (1.77) (~1.74) (-2.05) (-.97) (-2.10) (-.42) (.24) (-.36) (~.39) (-.154) (-.268)(-2.14)(-2.02)(~2.70)(1.27) (1.372)
Period: 1957 1 - 1976 111 Notes: (a) §, . appears as §,. 4[(log P )* - log P,)
Instrument Lists: 1%sMK206 1 3 e+l 3
Monsy Defimtitions: x~ used for all countries ™) mbwu appears as obwu 4{(log uun+~vt - log uu_
t-values in parentheses.
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A ga
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TasLE - 12

SCALED BALANCE OF PAYMENIS EQUATLONS (21)

Coast. 283 Q _.onc_u:.uv ¢ Log <u -u =b Mol xunnw M3 ~
country 4o i 52 ¥ Y14 ¥is 16 ¥y 8 Y9 Y10 i s.eE. DW ;
Uaited  2.41 -1.38 166 .321 .00695  -.892 -7 -.899 -.567 -.191 -4k -.0387  .077%  1.02 ,,
Kingdos  (.785)  (-1.55) (.766)  (.622) (8.14)  (-.704)  (-.607)  (-.966)  (-.100)  (-.336)  (.678)

Germsay -1.52 1.0l -.104 -.512 -.00224  .635 -.727 -.798 -.582 -.288 .232 286 .0529  2.26 ,

(-1.06)  (3.40)  (-.909)  (-1.53) (-.832)  (1.48)  (-.911)  (-1.10)  (-1.16)  (-.596)  (.520)

Mether-  -.364  .I17 -an .0449 -.006418 .46 .506 1.66 .157 .455 272 210 L0468 1.97 “
lands (--415)  (1.05)  (-1.26)  (.0761) (<1.1)  (.302)  (.313)  (2.50)  (.450)  (1.13)  (.756)
Comads  1.078  -2.143  -.006 -.138 .005 -.216 -.958 .096 .133 .192 .031 -.170  .04l6 172
(1.34)  (-2.26) (-.060)  (-.461) (1.80)  (-.82)  (-1.74)  (.167)  (.264)  (.439)  (.064)
Fremce  .248 -.320 281 -.082 .002 -.049 -.005 -.050 .104 -.an .104 267 L0287 1.4
(.22)  (-1.15)  (3.81)  (-1.29) (.59) (-.20)  (-1.75)  (-.103)  (.378)  (-.43)  (.40)
Italy 1.241 =522 -.432 -.064 .004 -.315 .507 .370 .451 440 .478 246 .0205  1.08
(3.65)  (-2.10) (-2.92)  (-.94) (1.81)  (-2.22)  (.870)  (1.04)  (1.7)  (1.71)  (1.83)
Japan -4.320  .849 194 .066 .007 -.158 4.138 1.922 .523 .100 .559 128 0449 1.59
(-2.23)  (1.30)  (3.47)  (.43) (Q.44) (=71 (2.2 (2.80)  (1.50)  (.29) (1.55)

Pariod: 1957 1 - 1976 III
Iastrument Lists: 1%3MK206
Money Definitions: zu used for all countries

t~valuss in pareanthesss.




