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THE NBER INTERNATIONAL TRANSMISSION MODEL:

ESTIMATES AND LESSONS FROM MARK II

Michael R. Darby

This paper is the third interim report on work in progress at the
NBER aimed at modeling the international transmission of inflation through
the world monetary system. It reports on the estimation of the Mark II
version of the model described in the second report (Darby, 1978). That
description is included here by reference and will not be repeated here.

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 wodld result from this confrontation. As a result our work
has been aimed at maximizing the information obtained as to what an ac~
ceptable model would look like. For this reason, 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 Mark II model has
proved a very successful learning tool for those who have worked on it
and we report those lessons here.

This paper first examines the primarily econometric issues involved
in the estimation of the model. Next the estimated equations and alter-
native forms are discussed. Finally plans for formulation of a Mark III
version are presented. It will soon be obvious that this neat separation

of issues is more guileful than real.



I. 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 wiil 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 2SLS estimator depends crucially
on the number of observations going to infinity while the number of instru-
meﬁts is fixed. Each instrument can be thought of as explaining the struc-
tural disturbances for one observation. In the extreme whére 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
28LS and OLS are identical and no simultaneous equation bias 1is 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



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.-l These fitted values are then used
as 1f exogenous whereverrthey 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 instru-
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 expl#iﬁ 106.0 pefcent 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

1 Because 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 1 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.



(instead of using principal components) we judgmentally deleted variables
showing high multicollinearity 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. 1In the current case where both methods essentially span
the instrument list, 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 differeﬁt in view of the nonin-
variance of principal components to linear transformations. This is another

interesting econometric issue to be explored further.



II. Estimation Results

First-pass estimates of the fixed-exchange-rate Mark II model were
made for the entire period 1957-I 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 1nvafiant 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 concept appears most consistent
with the country's economic institutions as judged by the real income,

price level, and reaction function equations (see Table 2).

Price Level Equations

The price level equationsg are’generally very good in terms of
standard errors, i?’s, and Durbin-Watson statistics as seen in Table 3.
The coefficients are generally as predicted by theory, except that the
estimated coefficients of price linkedness are all near 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 discussed 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 3A.

z-Equations (2) and (16) in Darby (1978).



Real Income Equations

The estimated real incoﬁe equationsg reported in Table 4 presented
some surprises. Basically, these were (1) the relatively small t-statistics
on money innovations for most countries other than the United States énd (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 mometary 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 4A shows that using real export innovations £ instead of their proxies
?R resulfs in reasonable coefficients. Secondly, Table 4B shows that ending

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

3 Equations (5) and (17) in Darby (1978).



countries except the United States, Canada, and Netherlands. The period
after 1971 II was characterized by widespread price controls which would
introduce cdrrelated 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 cufrently plan to include

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



Unemployment Equations

The estimated unemployment equationsﬂ are presented in Table 5. The
Durbin~Watson statistics were unacceptably low. The autocorrelated residuals
reflected rather gradual movements in the apparent 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 5A. 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.

&-Equations (5) and (19) in Darby (1978).



Money Supply Reaction Functions

The money supply reaction functionsi reported in Table 6 display a
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 change 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.é- Also the moving
average error process derived in Darby (1977) 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 functions for our countries, although
the United Kingdom may be little improved relative to a random walk in the

money supply growth rate.

é'Equations (12) and (24) in Darby (1978).

é-Note however that the current effect is always in the range of

0.2 or less indicating nearly complete initial sterilizationmn.
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Interest Rate and Balance.of Payments Equations

The interest rate equationeZ and the balance of payments equations§
are reported in Tables 7 and 8 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.

T Bquations (11) and (25) in Darby (1978).

§-Equation (21) in Darby (1978).
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III. 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 neérly 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. 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 pyamenﬁs, 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 brokgn 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
responsive to deviations from covered-interest an§ purchasing power pari-
ties. In that case the money supply would adjust via the effect of the

current balance of payments in the reaction function. But a lagged
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specie-flow type adjustment would also be possible. Preliminary work
along these lines is encouraging. ‘

It is appropriate to conclude with a word of caution that the en-
couraging 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 improve-

ments and tests will suffice.
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Country

(List name)

v.Ss.
Gdomus)

U.K.
(idomuk)

Canada
(idomca)

France
(idomfr)

Germany
(idomge)

Italy
(idomit)

TABLE 1

Basic Domestic Instruments List

Instruments Included in List

log M(-1), log P(~1), log y(-1),
log ¥y (-1), u(-2), u(-3), u(-4),
R(-1), R(-2), H(-1), M(=2), M(-3),
g, 8(-1), 8(-2), g(-3)

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

log y(-1), log y* (1-), u(-2), u(-3),
u(-4), R(-1), R(-2), N(-1), H(-2),
H(-3), 8, 8(-1), g(-2), g(-3),
B/H(-2), B/H(-3), log E(-1)

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

R(-1), R(-2), fi(-1), fi(-2), §(-3),

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

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

R(-1), R(-2), #(-1), fi(-2), H(-3),

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

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), fi(-1), fi(-2), M(-3),

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

log M(-1), log P(-1), log u, log y(-1),
u(-2), u(-3), u(-4), R(-1), R(-2),
fic-2), f(=3), &, 8(-1), 8¢-2), 8(-3),
B/H(-2), B/H(-3), log E*, B(-2), £(-3),
B(=4)

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 E*, 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),
log P(~4), log yP(-l),
t

log M%, log M(-2),

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

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

log M*, log M(-2),
M(-1), log H(-1),

log P(-~2), log P(-3),
log P(=4), log yP(-l),
t, ﬁ(-S) [this omitted

due to start date]



Japan

(idomja)

Netherlands
(idomne)

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

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

log M*, log M(-2),

log P*, log P(-2),

log P(-3), log P(-4),
¢, E(-5), E(-6)

[The last two omitted

due to start date]



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 equations,
but better reaction function.

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

Preferable for y equations
and reaction functions.

Preferable for y equations
and reaction functions

Slightly preferable for y
and P equations,. preferable
for reaction functions.

Tied for y and P equationms,
slightly preferred for
reaction_functions.

Preferable for .y equations .
and reaction functions.
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