
O C C A S I O N A L  PA P E R  164

MULTIMOD Mark III
The Core Dynamic and Steady-State Models

Douglas Laxton, Peter Isard,
Hamid Faruqee, Eswar Prasad, and Bart Turtelboom

INTERNATIONAL MONETARY FUND

Washington DC

May 1998



© 1998 International Monetary Fund

Cover design, charts, and composition: 
Theodore F. Peters Jr., Choon Lee, and IMF Graphics Section

Library of Congress Cataloging-in-Publication Data

MULTIMOD Mark III : the core dynamic and steady-state models  / 
Douglas Laxton . . . [et al.]. — Washington, DC : International
Monetary Fund, [1998].

p. cm. — (Occasional paper, ISSN 0251-6365 ; no. 164)

Includes bibliographical references.
ISBN 1-55775-722-4

1. Econometric models. 2. Economic forecasting — Econometric
models. 3. Economic policy — Econometric models. 4. International
finance — Econometric models. 5. Macroeconomics — Econometric
models — Evaluation. I. Laxton, Douglas. II. Series: Occasional paper
(International Monetary Fund) ; no. 164.

HB141.M84  1998

Price: US$18.00
(US$15.00 to full-time faculty members and

students at universities and colleges)

Please send orders to:
International Monetary Fund, Publication Services

700 19th Street, N.W., Washington, D.C. 20431, U.S.A.
Tel.: (202) 623-7430 Telefax: (202) 623-7201

E-mail: publications@imf.org
Internet: http://www.imf.org

recycled paper



Page

Preface vii

I Introduction 1

Overview 1
What’s New? 1

II The Philosophy and Basic Structure of MULTIMOD 5

Philosophical Underpinnings 5
History and Country Disaggregation 8
Commodity Disaggregation and Behavioral Units 8
The Supply Side and the Unemployment-Inflation Nexus 9
Consumption, Investment, and International Trade 9
Fiscal Policy: Government Spending, Taxes, and Debt 10
Monetary Policy 10
Oil, Primary Commodities, and Nontradables 11
Financing Constraints and Absorption for 

Developing Countries 14
Accounting Identities, Arbitrage Conditions, Interest Rates, 

and Exchange Rates 16

III The Steady-State Analogue Model and Mark III 
Solution Methodology 17

An Example of Parallel Equations in DYNMOD 
and SSMOD 17

The Steady-State Model as an Interpretive Device 18
On Using SSMOD to Construct the Control Solution 19
On Using SSMOD to Obtain Terminal Conditions 22
The Mark III Solution Methodology 22

IV The Inflation-Unemployment Nexus 23

The Short-Run Trade-Off Between Inflation 
and Unemployment 23

Implications of Linear and Convex Phillips Curves 24
Specification of the Mark III Phillips Curve 25
Intrinsic and Expectational Dynamics 26
Proxies for Inflation Expectations 26
Estimates of the Mark III Phillips Curve 28
The Dynamic Effects of Output Gaps on Unemployment 31
The CPI Equations and Import Price Pass-Through 33

Contents

iii



CONTENTS

V Consumption and Saving Behavior: A Life-Cycle Perspective 37

The Basic Model 39
Consumption 39
The Behavior of Dynastic Households 39
The Life-Cycle Behavior of Disconnected Generations 40

The Small Open Economy Case 40
The Closed Economy Case 42
Extensions 42

Liquidity Constraints 42
Population and Productivity Growth 43

Income Profiles: Theory and Calibration 44
Specification Issues 44
Data and Estimation 45
Steady-State Calibration 45

Estimates of the Mark III Consumption Function 47
Appendix. Fiscal Policy Effects in a Small Open Economy 48

VI Investment 53

Appendix. Investment, Output, and Interest Rate Responses 
to Demand and Supply Shocks 55

VII International Trade 57

Imports 57
Exports 59
Adding Up of World Trade and Current Account Balances 61

VIII Extensions of the Core Model 64

Extensions of Country Coverage 64
Other Modifications 65

Fiscal Consolidation 65
Endogenous Productivity Growth 66
Military Expenditures 66

References 67

Boxes

Section

I 1. MULTIMOD: Summary of the Mark III Generation 2
II 2. The Spillover Effects of Government Debt 12

3. Government Expenditure Multipliers Under Alternative 
Monetary Policy Reaction Functions 14

III 4. Government Debt, Net Foreign Liabilities, and 
the Real Exchange Rate 18

5. Traditional Solution Techniques and the MARK III Methodology 20
IV 6. Model of a Convex Phillips Curve 27

7. A Simple Prior-Consistent Filter for Measuring the Natural Rate 30
8. Asymmetries and Country-Specific Differences in the Real 

and Nominal Effects of Shocks 32
V 9. The Global Crowding-Out Effects of Government Debt 48

VIII 10. Steps Necessary to Integrate Additional Industrial Countries 64

iv



Contents

Tables

Section

IV 1. Phillips Curve Model 29
2. Unemployment Equations 33
3. CPI Equations 35
4. Estimated Effects on the CPI of a 1 Percent Increase 

in Import Price 35
V 5. Small Open Economy Model: Behavioral Equations 

and Laws of Motion 42
6. Closed Economy Model: Behavioral Equations 

and Laws of Motion 42
7. Extended Closed Economy Model with Liquidity Constraints 

and Population and Productivity Growth 44
8. Relative Income Profiles: Nonlinear Least Squares Estimates 46
9. Theoretical and Projected Steady-State Age Distributions 47

10. Estimated Parameters of the Mark III Consumption-Saving Model 47
VII 11. Volume Equations for Imports 59

12. Bilateral Total Exports, 1996 60
13. Volume Equations for Exports 61
14. Export Price Equations 63

Box

2 Effects of a Five-Year Temporary Tax Cut That Permanently 
Increases the Debt-to-GDP Ratio of the United States 
by 10 Percentage Points 13

3 Effects of a 1 Percent of GDP Permanent Increase in 
Government Expenditure in Japan Under Alternative 
Monetary Policy Reaction Functions 15

4 Long-Run Effects of Temporary Tax Cuts That Permanently 
Increase Debt-to-GDP Ratios by 10 Percentage Points 19

8 The Asymmetric Effects of Positive and Negative Money 
Supply Shocks 32

9 Steady-State Effects of Simultaneous 10 Percentage Point 
Increases in Ratios of Government Debt to GDP of 
All Industrial Countries 49

Figures

Section

IV 1. A Convex Short-Run Phillips Curve 25
2. Unemployment and Output Gaps 34

V 3. Estimated Income Profiles 46
4. Higher Public Debt Through a Temporary Tax Cut in Canada 50
5. Higher Public Debt with Permanently Higher Fiscal Spending 

in Canada 51
VI 6. Impulse Responses in Relation to the Investment Block 56

VII 7. Import-Activity Ratios and Relative Import Prices 58
8. Export-Activity Ratios and Real Competitiveness Indices 62

Box

5 Convergence Properties of Mark III 21
7 Estimates of the Natural Rate of Unemployment 31

v



CONTENTS

vi

The following symbols have been used throughout this paper:

. . . to indicate that data are not available;

n.a. to indicate not applicable;

— to indicate that the figure is zero or less than half the final digit shown, or that the
item does not exist;

– between years or months (e.g., 1994–95 or January–June) to indicate the years or
months covered, including the beginning and ending years or months;

/ between years (e.g., 1994/95) to indicate a crop or fiscal (financial) year.

“Billion” means a thousand million.

Minor discrepancies between constituent figures and totals are due to rounding.

The term “country,” as used in this paper, does not in all cases refer to a territorial entity
that is a state as understood by international law and practice; the term also covers some
territorial entities that are not states, but for which statistical data are maintained and
provided internationally on a separate and independent basis.
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Overview

MULTIMOD (MULTI-region econometric MODel)
was initially designed to analyze the macroeco-
nomic effects of industrial country policies on the
world economy. Since it was first described and
documented by Masson and others (1988), the
model has been extended in a number of directions,
primarily for the purpose of increasing its useful-
ness in assisting with the IMF’s multilateral surveil-
lance over the policies of its members. A first set of
revisions and extensions of the model, leading to
MULTIMOD Mark II, was described by Masson,
Symansky, and Meredith (1990). A number of addi-
tional changes have subsequently been imple-
mented and were recently consolidated into MUL-
TIMOD Mark III.

This paper describes the Mark III generation of
MULTIMOD and its key properties in a manner in-
tended to be intelligible to a wide spectrum of
macroeconomists. It includes a discussion of the
evolution, philosophy, and basic structure of the
model (Section II), sections on the major innova-
tions in the core version of MULTIMOD Mark III
(Sections III–VII), and a discussion of several exten-
sions of the model and the applications for which
they have been developed (Section VIII). A sum-
mary description is provided in Box 1. Other boxes
present selected simulations describing the re-
sponses of macroeconomic variables to different
types of shocks; see table of contents. The results of
additional “standard simulations” that can be per-
formed on the model (and compared with Mark II
simulations)—as well as a technical guide to
MULTIMOD that will be of interest primarily to
economists engaged in constructing and simulating
structural macroeconometric models—will be pro-
vided on the IMF’s internal Web site and will be re-
leased at some point on its external Web site
(http://www.imf.org). The Web sites will also be
used as vehicles for disseminating information in a
timely manner about future extensions of MULTI-
MOD. It is anticipated that MULTIMOD will con-
tinue to evolve over time, not only as a reflection of
ongoing efforts to refine the behavioral equations of

the model, but also to incorporate changes in the
core set of countries and country groups.1

What’s New?

Macroeconometric models evolve for at least four
reasons. The first simply reflects the fact that the ini-
tial stages of model construction necessarily involve
simplifications, and the passage of time provides op-
portunities for specification improvements and ex-
tensions of coverage. A second reason is that the
leading issues for macroeconomic policy evolve
with the performance of economies and the thinking
of economists, challenging the model builder to an-
ticipate and adapt. A third reason is that access to
new or more extensive data sets facilitates the em-
pirical evaluation of behavioral hypotheses. And
fourth, advances in computer hardware and soft-
ware, and in algorithms for solving large nonlinear
systems of equations, continue to loosen the techni-
cal constraints on the scale and complexity of the
models.

The Mark III version of MULTIMOD differs from
its predecessor in several important respects. New
features include a core steady-state analogue model,
a new model of the inflation-unemployment nexus,
an extended non-Ricardian specification of con-
sumption-saving behavior, and improved specifica-
tions and estimates of investment behavior and inter-
national trade equations. In addition to these changes
in model specification, the introduction of a new so-
lution algorithm has greatly increased the robust-
ness, speed of convergence, and accuracy of the sim-
ulations and made it easier to develop certain
modified versions of MULTIMOD that were diffi-
cult to solve with the Mark II algorithm.

Because the theoretical foundations of MULTI-
MOD include the premise that economic agents

I Introduction

1

1Work on a more extensive disaggregation of the developing
and transition economies is under way, and changes in the core
set of industrial countries and country groups will be required in
the context of European Economic and Monetary Union.



I INTRODUCTION

form their expectations in a forward-looking man-
ner, the medium- and long-run properties of the
model have an important influence on its predictions
of the short-run responses to exogenous policy
adjustments or other shocks. In this connection, one
of the important new features of the Mark III gener-
ation is its more appealing approach to defining the
long-run properties of the model’s baseline path. As
noted in Section II, the database for MULTIMOD
simulations consists of the projections over a five-
year horizon from the IMF’s World Economic
Outlook. In constructing a baseline path for
MULTIMOD Mark II, the projected behavior of
economic variables beyond that horizon was con-
strained to be consistent with the simplifying as-
sumptions that primary fiscal and trade balances
converge gradually to zero (thereby gradually stabi-
lizing the stocks of public and international debt rel-
ative to GDP) and that the real rate of interest con-
verges to the steady-state rate of growth.

These assumptions are not imposed in construct-
ing baselines for MULTIMOD Mark III. Instead, as
described in Section III, the projected behavior of

economic variables beyond the five-year horizon of
the World Economic Outlook is tied to terminal con-
ditions determined endogenously and consistently
from a system of steady-state analogue equations,
SSMOD. Among other things, SSMOD has the
property that the real interest rate exceeds the rate of
growth,2 and so MULTIMOD is now capable of pro-
viding a more appealing characterization of the
macroeconomic effects of fiscal adjustments and a
richer analysis of sustainability issues.

MULTIMOD Mark II did not focus explicitly on
the unemployment rate and characterized inflation
simply in terms of the GDP deflator, with no atten-

2

2A no-Ponzi-game condition—that asymptotically the real in-
terest rate must exceed the growth rate—is often imposed in opti-
mizing models that are used for policy analysis; see, for example,
the discussions of basic infinite-horizon models and overlapping-
generations models in Blanchard and Fischer (1989). In MULTI-
MOD, the difference between the steady-state levels of the real
interest rate and the growth rate depends on the parameters of the
production function, the rate of depreciation, the rate of time pref-
erence, and the level of world government debt.

Box 1. MULTIMOD: Summary of the Mark III Generation

MULTIMOD is a dynamic multicountry macro
model of the world economy that has been designed to
study the transmission of shocks across countries as
well as the short-run and medium-run consequences of
alternative monetary and fiscal policies. It has several
variants, the current versions of which are referred to as
the Mark III generation. The core Mark III model in-
cludes explicit country submodels for each of the 7
largest industrial countries and an aggregate grouping
of 14 smaller industrial countries. The remaining
economies of the world are then aggregated into two
separate blocks of developing and transition econo-
mies. Extended versions of MULTIMOD include sepa-
rate submodels for many of the smaller industrial coun-
tries, and work has been initiated on expanding the
analysis of the developing and transition economies.

The basic structure and properties of MULTIMOD
are meant to represent well-established views about
how modern industrial economies function and interact
with each other. A consistent theoretical structure is
employed for all industrial economies, and cross-
country differences in the behavior of agents (or the
functioning of markets) are reflected in different esti-
mated parameter values. The model converges to a bal-
anced-growth path that is characterized by a full stock-
flow equilibrium in which debtor countries service the
interest payments on their net foreign liabilities with
positive trade balances.

The MULTIMOD modeling system includes a well-
defined steady-state analogue model for each country

and for the world economy as a whole. These steady-
state models serve two roles. First, they are used to
construct terminal conditions for the dynamic models.
Second, they can be used to study the long-run effects
of shocks that have permanent consequences for sav-
ing, capital formation, output, real interest rates, real
exchange rates, and so on. The basic structure of MUL-
TIMOD is simple enough that it is fairly straightfor-
ward to estimate additional country models for the
smaller industrial economies.

Despite the focus on medium- and long-run proper-
ties, MULTIMOD also exhibits important short-run
Keynesian dynamics that result from significant inertia
in the inflation process. The MARK III generation fea-
tures a nonlinear relationship between unemployment
and inflation that reflects short-run capacity constraints
and insider-outsider influences on wage setting. The
asymmetric property of the Phillips curve provides a
fundamental role for stabilization policies that is absent
from linear models of the business cycle.

MULTIMOD assumes that behavior is completely
forward looking in asset markets and partially forward
looking in goods markets, but it is possible to study the
effects of shocks under alternative assumptions about
expectations formation and the degree of policy credi-
bility. The model is solved with state-of-the-art simula-
tion algorithms that have been designed specifically for
such systems of equations.

Consumption-saving behavior is based on an ex-
tended Blanchard-Weil-Buiter paradigm in which



What’s New?

tion to the consumer price index (CPI). This has now
changed, giving MULTIMOD several other new fea-
tures. In particular, as described in Section IV, Mark
III includes a new model of the inflation process.
The domestic GDP deflator is determined by an ex-
pectations-augmented Phillips curve, and the CPI is
determined by a weighted combination of the prices
of domestically produced goods and the prices of
imported goods. The Phillips curve relationship is
asymmetric around the natural rate of unemploy-
ment, which has important implications for the de-
sign of macroeconomic stabilization policies.

Thanks to a debate rekindled by Barro (1974), it
has become widely appreciated over the past two
decades that the effects of fiscal policy on macroeco-
nomic behavior in a forward-looking model depend
on the extent to which the private sector expects that
public sector imbalances will be evened out over
time, so that an increase in the current fiscal deficit,
for example, can be anticipated to imply a higher fu-
ture tax burden, other things equal. However, the
sensitivity of private sector behavior to policy ad-
justments can also depend importantly on factors

other than the nature of expectations. In this regard, a
second new feature of MULTIMOD Mark III is the
manner in which the specification of consumption-
saving behavior reflects the composition of wealth,
the finite life cycles of households, and constraints
on the ability of households to borrow against their
future lifetime income streams. In Mark II, private
consumption was assumed to be directly propor-
tional to the sum of human wealth (that is, dis-
counted after-tax labor income) and financial wealth,
with human wealth discounted over an infinite hori-
zon. In Mark III, the hypothesized behavior of pri-
vate consumption has been modified in several re-
spects, as described in Section V, embodying the
assumptions that individual households optimize
their consumption-saving behavior over finite life-
times and face liquidity constraints on their abilities
to borrow against future income. The two key
parameters of the new consumption-saving model—
the intertemporal elasticity of substitution and the
share of consumption that is sensitive to disposable
income—are estimated from the time-series proper-
ties of consumption after a realistic structure is im-

3

agents are assumed to have finite planning horizons.
The model has been extended to allow for realistic age-
earnings profiles and for the fact that a significant pro-
portion of consumption is constrained by disposable in-
come insofar as households are unable to borrow
against future labor income streams.

Investment behavior is based on Tobin’s q theory,
according to which the desired rate of investment ex-
ceeds the steady-state rate as long as the expected
marginal product of capital is greater than its replace-
ment cost. The model allows for significant adjust-
ment costs.

MULTIMOD has a standard specification of import
and export behavior that embodies the notion that
countries trade in diversified products. Import volumes
are a function of the main components of aggregate de-
mand, with import contents of the different compo-
nents calibrated on the basis of information from input-
output tables. Exports are modeled to approximately
represent the mirror image of the foreign import de-
mand functions.

Exchange rates and interest rates are related by an
adjusted interest parity condition that can allow for
persistent risk premiums. MULTIMOD provides a
fundamental role for the real exchange rate, both in
equilibrating aggregate demand and supply in the
goods market and in ensuring that flow relation-
ships are consistent with consumers’ desired rates of
asset accumulation. The short-run properties of the
model to some extent mimic the properties of the

Dornbusch overshooting model insofar as asset market
prices are free to jump, while wages and other prices
are characterized by stickier intrinsic and expecta-
tional dynamics.

The fiscal policy instruments include government
absorption, distortionary capital taxes, and nondistor-
tionary labor taxes (labor supply is exogenous). In the
core version of MULTIMOD, government absorption
is exogenous and the aggregate tax rate is endogenized
to ensure that the ratio of government debt to GDP con-
verges to a target level. However, in the short run, it is
possible to treat all three fiscal instruments as exoge-
nous variables.

Given the forward-looking nature of MULTIMOD,
the fundamental role of the monetary authorities is to
provide an anchor for inflation expectations. This can
be accomplished in many ways. Options available in
the core version of Mark III include fixed exchange
rates, money targeting, inflation targeting, and nominal
income targeting.

MULTIMOD has not been designed to be a forecast-
ing tool. The baseline corresponds to the medium-term
World Economic Outlook projections, which reflect the
detailed knowledge and judgments of the IMF’s coun-
try economists. These medium-term projections are
then extended into a model-consistent balanced-growth
path where the real interest rate is greater than the
world real growth rate.

MULTIMOD is available to the public and can be
obtained through e-mail to multimod@imf.org.



I INTRODUCTION

posed on life-cycle age-earnings profiles obtained
from cross-sectional data.

The macroeconomic effects of policy actions or
other exogenous shocks depend importantly on the
responsiveness of aggregate demand to interest rates
and exchange rates. Accordingly, finding realistic
specifications for the behavior of investment and in-

ternational trade volumes and, in particular, captur-
ing their sensitivities to interest rates and exchange
rates are key challenges in macroeconomic model-
ing. In this regard, MULTIMOD Mark III reflects
efforts to improve the specifications of both the in-
vestment and the trade equations, as described in
Sections VI and VII.

4



W hat does fiscal consolidation imply for do-
mestic output growth and inflation, and

what are the spillover effects on other economies?
To what extent do the macroeconomic conse-
quences depend on whether fiscal consolidation is
achieved through expenditure reductions or tax
increases? How do the reactions of monetary
authorities influence the outcomes? How sensitive
are the effects of fiscal consolidation to the magni-
tude of the associated changes that take place in
market interest premiums, which reflect, inter alia,
the “market’s” degree of confidence about the
prospects for macroeconomic stability? How should
monetary authorities react, in the absence of
constraints on their discretion, to an unexpected
decline in the saving rate or to the loss of productive
capacity associated with a natural disaster? How
do different forms of monetary policy “rules” com-
pare in terms of their implications for the expected
levels and variances of output growth and inflation
rates? These are some of the issues that central
banks and other policy authorities confront in their
attempts to promote price stability and macroeco-
nomic growth.

Over the past several decades, a number of poli-
cymaking institutions and academic researchers
have developed macroeconometric models to help
shed light on such issues.3 These models provide
frameworks that can take account of many aspects
of macroeconomic behavior simultaneously, allow-
ing model builders to explore the implications of
their preferred theories of economic behavior while
also imposing macroeconomic consistency on the
analysis.

Philosophical Underpinnings
Considerable variety has emerged in the underly-

ing philosophies and basic structures of the macro-
econometric models that different modeling groups
have chosen to develop. Among other things, this
variety has reflected differences in three related con-
siderations: the importance attached to short-term
forecasting among the possible purposes that the
models have been constructed to serve; the assump-
tions that have been adopted in the treatment of ex-
pectational variables; and the attitudes that model
builders have taken toward the Lucas critique (see
Lucas, 1976)—that is, toward the possibility that the
coefficients in econometric equations may be altered
by changes in policy regimes.

MULTIMOD has been designed to assist the IMF
with its multilateral surveillance over the macroeco-
nomic policies of member countries, but not to pro-
vide short-term forecasts. As such, its main purpose
is to analyze how the effects of policy actions are
transmitted over the medium term with particular in-
terest in the analysis of actions by countries where
policy adjustments have relatively large spillover ef-
fects on the world economy.

Unlike models that are designed to generate their
own forecasts of a set of endogenous variables
based on historical data and assumptions about the
future evolution of various exogenous variables,
MULTIMOD incorporates an externally generated
baseline forecast of the world economy that reflects
the detailed knowledge and judgments of the IMF’s
country economists. The baseline forecast is up-
dated on a regular basis in association with the
process of preparing the IMF’s semiannual World
Economic Outlook reports.4 Once the baseline fore-
cast is specified, MULTIMOD can be used to ana-

II The Philosophy and Basic Structure 
of MULTIMOD

5

3Among the earliest of these models, each focusing on only a
single economy, were Klein and Goldberger (1955), Klein and
others (1961), and Duesenberry and others (1965). Bryant,
Hooper, and Mann (1993) provides descriptions of, and refer-
ences to, a number of the multicountry macroeconometric models
that are currently in use; see also Edison, Marquez, and Tryon
(1987), Gagnon (1991), Helliwell and others (1990), McKibbin
and Sachs (1991), and Meredith (1989).

4The procedure for making a system of estimated equations
consistent with an externally generated baseline forecast essen-
tially involves solving for, and imposing, a set of residuals under
which the estimated model generates the baseline solution.
Strictly speaking, the World Economic Outlook baseline projects
only over a five-year horizon. The manner in which the baseline
path is extended beyond this horizon is discussed in Section III.



II THE PHILOSOPHY AND BASIC STRUCTURE OF MULTIMOD

lyze the effects on that baseline of scenarios that in-
volve changes in policies in major countries or cer-
tain other exogenous changes in the macroeconomic
environment.

Because MULTIMOD is designed to analyze how
a prespecified baseline forecast would be affected by
policy changes or other exogenous shocks, the model
can abstract from many of the special factors that are
often present in forecasting models, and that likewise
need to be taken into consideration in generating the
World Economic Outlook projections that provide
the judgmental baseline for MULTIMOD.5 The abil-
ity to abstract from many special factors subsumed in
the baseline forecast endows MULTIMOD with the
virtue of simplicity, which is an attractive character-
istic. Simplicity makes it easier to comprehend and
assess the results of model simulations and also re-
duces the computer capacity and time required to
solve the model.

Models that are relied upon to generate short-term
forecasts are sometimes constrained to adopt compro-
mises in specification forms—including in their treat-
ment of expectational variables—for purposes of im-
proving their accuracy as short-term forecasting tools.
MULTIMOD has not been so constrained; its compo-
nent equations have been estimated in forms that can
be regarded, for the most part, as structural equations
derived from models of optimizing behavior.6

The treatment of expectations in macroeconomet-
ric models has been an area of considerable contro-
versy. The main alternative to assuming that expec-
tations are forward looking and model consistent is
to base the specification of expectations on back-
ward-looking regressions of relevant variables on
historical values of themselves and other variables.
Most models, including MULTIMOD Mark III, in-
corporate a mixture of the two extremes,7 but typi-
cally with a strong inclination toward one extreme or
the other. Advocates of adaptive backward-looking
expectations, who tend to place high priority on
short-term forecasting accuracy, have argued that
macroeconometric models with model-consistent

expectations perform relatively poorly in replicating
the observed persistence and variability in business
cycles. This argument is not very forceful, however,
for models like MULTIMOD, in which inflation ex-
pectations reflect a mixture of backward-looking
and model-consistent (forward-looking) elements,
since such models are capable of generating large
and persistent business cycles. Advocates of model-
consistent expectations argue that their models are
less vulnerable to the Lucas critique than models
with backward-looking expectations. The validity of
this criticism, however, is also difficult to judge.
Those who reject it point out that the Lucas critique
is simply “a possibility theorem, not an existence
theorem,” claiming that an “extensive search of the
literature reveals virtually no evidence demonstrat-
ing the empirical applicability of the Lucas critique”
(Ericsson and Irons, 1995, p. 39).

We are not comforted by the latter argument. It is
easy to derive nonsensical policy implications from
mechanical simulations of any model that embodies
a reduced-form specification of inflation expecta-
tions, particularly when the latter specification does
not include a forward-looking model-consistent
component. For example, models that embody a
Phillips curve and the assumption that inflation ex-
pectations are entirely backward looking, which is
convenient and fairly common in the macroecono-
metric models used by central banks and other na-
tional authorities,8 can lead mechanically to policy
inferences that are inconsistent with the implications
of the long-run natural rate hypothesis (LR-NRH).
Indeed, a number of economists have argued that
faulty logic, associated with the use of macroeco-
nomic models that embodied backward-looking in-
flation expectations and thereby failed to provide a
channel for “regime changes” to affect inflation ex-
pectations realistically, was largely responsible for
excessive monetary accommodations in the 1970s.9

6

5Indeed, in many contexts the effects of shocks, measured as
deviations from the baseline path, are largely independent of the
specific baseline forecast.

6Loosely speaking, the main criteria for incorporating an esti-
mated equation specification are that the specification should be
based to a large extent on underlying theory and should not gen-
erate an unrealistic degree of macroeconomic variability when
embedded into the MULTIMOD system of equations. Thus, in
comparison with models for which short-term forecasting accu-
racy is a high priority, MULTIMOD has been estimated with a
relatively low willingness to sacrifice theoretical foundations in
order to obtain better goodness of fit.

7See Helliwell (1993). Model-consistent expectations appear to
be relatively more attractive for asset markets, and adaptive ex-
pectations more popular for markets with greater inertia in price
adjustment.

8For example, the Federal Reserve Board’s FRB/Global Model
(see Levin, Rogers, and Tryon, 1997) relies on backward-looking
(“limited-information”) expectations as its base case, although it
can also be simulated under the assumption of model-consistent
expectations.

9Among those who blame misleading economic theories for
the “great inflation” in the United States in the late 1960s and
1970s, Taylor (1996, p. 184) notes that during that period, “the
idea that there is a long-run Phillips curve trade-off began to ap-
pear in textbooks, newspapers, and even the Economic Report of
the President; the inflation cost of an overheated economy, ac-
cording to this theory, was simply a higher rate of inflation, not
rising inflation.” Studies by economic historians, such as De
Long (1996), add support for this view by rejecting the alterna-
tive hypothesis that supply shocks (especially oil price shocks)
were the main source of the rise in inflation. Taylor also empha-
sizes the coincidence in timing between the monetary disinflation
of the 1980s and the incorporation into macroeconomics of more
reasonable models of expectations and price adjustment, attribut-
able largely to research started by Lucas (1972).



Philosophical Underpinnings

MULTIMOD has fixed weights on backward- and
forward-looking components for inflation expecta-
tions, which reflects an attempt to separate intrinsic
dynamics (in particular, the inertial effects of wage-
price contracting lags) from expectational dynam-
ics.10 This specification can also lead mechanically
to nonsensical policy inferences, which makes it in-
cumbent upon model users to reflect on the appro-
priateness of the fixed-weight specification for the
type of analysis that is being undertaken and perhaps
to vary the weights (to capture credibility effects) in
certain policy experiments. For example, under a
mechanical application of MULTIMOD that treated
announced inflation targets as completely credible
(that is, that set inflation expectations equal to the
announced inflation targets), a Ponzi-game policy of
announcing future disinflation but repeatedly post-
poning the implementation could generate the non-
sense result of a free lunch—a drop in inflation with
no loss of output or an opportunity to lower interest
rates and achieve both inflation reduction and output
gains. Although the scope for such nonsense could
be reduced by replacing the fixed-weight specifica-
tion of inflation expectations with a model in which
expectations reflected the credibility of monetary
policy, appropriately defined, at present macroecon-
omists do not have a firm understanding of how such
a model should be specified.

The treatment of inflation expectations, with a
positive weight on model-consistent forward-look-
ing expectations, makes MULTIMOD consistent
with the LR-NRH. This gives MULTIMOD the
property of money neutrality: money supply or price
level shocks have no effect on the steady-state val-
ues of real variables, other things equal. To a close
approximation, MULTIMOD also exhibits monetary
superneutrality: as long as inflation rates remain
moderate, changes in the rate of growth of the
money supply have almost no effect on the steady-
state values of real variables.11

While MULTIMOD’s formulation of inflation ex-
pectations attempts to capture the inertial effects of
wage-price contracting lags, as well as forward-
looking elements, the core version of Mark III uses
pure forward-looking model-consistent solutions for
exchange rate and interest rate expectations in the

interest parity equation and the term structure equa-
tions. The assumption that asset-market expectations
are completely model consistent is unrealistically
strong, although at this stage we regard it as more at-
tractive than the available alternatives.12 However,
Mark III has been coded in a manner that allows
users to modify the treatment of expectations; it is
straightforward to model exchange rate and interest
rate expectations as blends of backward- and for-
ward-looking components and to allow for time-
varying weights in modeling inflation expectations.

The long-run properties of models with forward-
looking expectations have been difficult to study in
the absence of steady-state analogue models. With
the arrival of Mark III, such a steady-state analogue
model has now been developed for MULTIMOD,13

as described in Section III. The steady-state model
can be used both as an interpretive device for under-
standing long-run comparative statics and to deter-
mine model-consistent terminal conditions for dy-
namic analysis.

Simulations of Mark III—which involve simulta-
neous solutions of both the steady-state model and
the dynamic model—can be regarded as follows.
The solution to the steady-state model represents a
position of simultaneous stock and flow equilibrium.
Loosely speaking, households determine the steady-
state level of wealth, firms determine the stocks of
physical capital, governments determine the levels
of their debts, and, for each country (or block of
countries), the reconciliation of these stock positions
comes through the net foreign asset position. In this
context, the reconciliation of stocks and flows in the
long-run steady state, both within countries and for
the world as a whole, imposes conditions on the
steady-state levels of real exchange rates and interest
rates. Real exchange rates must be consistent with
generating the trade and current account flows that
are associated with steady-state stocks of net foreign
assets (or ratios of net foreign assets to GDP), while
the level of interest rates must be consistent with
global balance between saving and investment or,
equivalently, with global consistency between net
foreign asset stocks and current account flows.

The solution of the dynamic model describes the
evolution of macroeconomic variables en route to
full stock and flow equilibrium. Given the long-run
equilibrium values of the endogenous variables in

7

10By intrinsic macroeconomic dynamics, we mean those dy-
namics that may be assumed to be invariant to the types of policy
experiments that are being considered. Of course, for enormous
changes in policy rules, contract length as well as the degree of
nominal indexation may change, and it then becomes difficult to
determine precisely what is structure. However, by assuming that
inflation expectations partly reflect the model-consistent solution,
MULTIMOD at least makes some attempt to control for the first-
order effects of the Lucas critique.

11The departure from strict superneutrality reflects the fact that
MULTIMOD embodies an “inflation tax.”

12In this regard, analysis of how rational agents form expecta-
tions when it takes time to learn about the nature of various pol-
icy changes and other exogenous shocks remains an important
area for additional research.

13In this respect, the methodology for solving MULTIMOD
Mark III is similar to that for solving the Bank of Canada’s Quar-
terly Projection Model—see Laxton and Tetlow (1992) and other
references cited in Section III.
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MULTIMOD, as determined from the steady-state
analogue model, the time paths of the endogenous
variables are determined by solving the dynamic
model under the assumption of model-consistent
forward-looking expectations.14 The solution
process involves an iterative procedure that imposes
consistency between the model’s final solution val-
ues for the endogenous variables and its simultane-
ous solutions for the values of ex ante expectations
about these variables.

History and Country Disaggregation

The development of MULTIMOD was a contin-
uation of work on a precursor model known as
MINIMOD (see Haas and Masson, 1986). The pre-
cursor model was disaggregated into two regional
blocks—the United States and an aggregate rest-of-
the-industrial-world region—with the equations for
each region based on the same theoretical frame-
work. The parameters of MINIMOD were obtained
not by direct estimation but rather by simulation of a
more extensive model with a quarterly database.

Unlike MINIMOD, MULTIMOD is largely esti-
mated and uses annual data. The first published ver-
sion of MULTIMOD (see Masson and others, 1988)
divided the world into seven blocs: the United
States, Japan, Germany, an aggregate of the other
Group of Seven industrial countries, an aggregate of
the remaining industrial countries, a group of high-
income oil-exporting developing countries, and an
aggregate of the remaining developing countries.
This country disaggregation reflected both the prior-
ities that were attached to modeling the effects of
policy changes in the largest countries, which tend to
have the greatest spillover effects on the world econ-
omy, and the relatively limited availability of data
for developing countries. For the same two reasons,
the models for the developing country blocs were
specified with relatively little detail on monetary and
fiscal policy variables, but with emphasis on trying
to capture realistically the behavior of the current ac-
count positions of these blocs in order to be able to
impose a realistic consistency constraint on world
saving and investment.

The country disaggregation in MULTIMOD has
been extended over time. Both the Mark II and the
core Mark III versions include separate models for
each of the Group of Seven countries, an aggregate of
the remaining industrial countries, and the two groups
of developing countries. As an alternative to treating
the industrial countries other than the Group of Seven

as a single bloc, a modified version of the Mark II
model, which includes 14 individual European coun-
tries, has been developed for analyzing issues relating
to the European Union.15 By contrast, only limited
analysis has been conducted with the two developing
country blocs. Apart from redefining the bloc of high-
income oil exporters,16 the aggregation scheme for
the developing and transition economies remains the
same as in the Mark I version.17

Commodity Disaggregation and
Behavioral Units

MULTIMOD can be regarded as a slight modifi-
cation of a model in which each industrial country
(or bloc of industrial countries) produces a single
differentiated product—its “main composite good,”
which is perceived to be an imperfect substitute for
other countries’ main composite goods. The indus-
trial country models disaggregate oil from total pro-
duction and absorption, but oil production for these
countries is treated as exogenous and most macro-
economic variables of interest are not significantly
affected by the behavior of oil consumption. The
main developing country model, as well as the inter-
national trade accounts, distinguishes among three
categories of tradable goods—main composite
goods, oil, and primary commodities other than
oil—and, in addition, the main developing country
block includes nontradables as a fourth category of
goods.18 The inclusion of explicit behavioral hy-
potheses about production (or net exports) of oil, pri-
mary commodities, and nontradables in the main de-
veloping country model, along with an explicit
hypothesis about the availability of external finance
to the main group of developing countries, adds im-
portant elements of reality to MULTIMOD’s charac-
terization of the aggregate current account position
of the developing countries and, thus, the equal and
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14As noted earlier and elaborated in Section V, inflation expec-
tations are only partially forward looking.

15See Masson and Symansky (1992), Masson and Turtelboom
(1997), and the discussion in Section VIII below.

16In Mark III, the group comprises six high-income oil ex-
porters—Kuwait, Libya, Oman, Qatar, Saudi Arabia, and United
Arab Emirates—corresponding to the World Economic Outlook
group of capital-exporting developing countries. The work pro-
gram for the near future includes redefining the aggregation
scheme for the nonindustrial economies and enhancing the mod-
els of their macroeconomic behavior.

17A modified version of the Mark II model disaggregates the
main developing country bloc into four separate groups: Western
Hemisphere, Africa, the group of four newly industrialized
economies, and an aggregate of the other non-oil developing
countries. See Bayoumi, Hewitt, and Symansky (1995) and the
discussion in Section VIII below.

18The group of net creditor developing countries is assumed to
produce only oil.
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opposite aggregate current account position of the
industrial countries.

Each of the industrial country models is structured
around five types of behavioral units: households,
firms, nonresidents, the fiscal authorities, and the
monetary authorities. Households supply labor, con-
sume domestically produced and imported goods,
and accumulate wealth. Firms hire labor, invest, and
produce output for domestic and foreign markets.
Nonresidents engage in international trade and fi-
nancial borrowing and lending with domestic resi-
dents. The fiscal authorities control the level of gov-
ernment spending, choose a target trajectory for
government debt, and set tax rates consistent with
government spending and the debt target. The mone-
tary authorities guide short-term nominal interest
rates according to postulated reaction functions that
may be specified in a variety of ways.

The Supply Side and the
Unemployment-Inflation Nexus

Many of the macroeconometric models that are
currently employed in policymaking institutions in-
clude well-articulated supply sides along with
Phillips curve relationships that hypothesize a short-
run trade-off between inflation and unemployment
while also embodying the restrictions of the long-
run natural rate hypothesis (that is, the hypothesis of
no long-run trade-off). Most of these cases, however,
incorporate linear short-run Phillips curves, which
are difficult to reconcile with observed asymmetries
in labor market data, and which also substantially
weaken the rationale for short-run stabilization poli-
cies. By contrast, the core Mark III version of MUL-
TIMOD includes nonlinear Phillips curves.

As in Mark II, the Mark III production function
for each country’s main composite good is specified
as a Cobb-Douglas relationship between capacity
output and two factor inputs—the labor force and
the real net capital stock—with a constant growth
rate of total factor productivity. The labor supply is
exogenous, and the solution for the unemployment
rate reflects, inter alia, the short-run Phillips curve
and equations that describe the dynamic evolution of
inflation expectations and the nonaccelerating infla-
tion rate of unemployment (NAIRU); see Section IV
for further discussion.

Consumption, Investment, and
International Trade

The demand side of the industrial country models
is largely described in Sections V–VII, which focus
respectively on the behavior of consumption, invest-

ment, and international trade in countries’ main
composite goods. The supplies of, and demands for,
oil and primary products in industrial countries, and
the structure of the developing country models, are
described later in this section.

The aggregate consumption function for the main
composite goods (Section V) is based on an optimiz-
ing model of life-cycle behavior. The main variables
explaining a country’s consumption are its human
wealth (the expected discounted value of current and
future after-tax labor incomes plus any transfers
from the government) and its nonhuman wealth
(physical capital plus claims on the government plus
net foreign assets).19 Individual consumers are as-
sumed to have model-consistent expectations about
their future after-tax income streams, but also to
have finite lives. The latter property implies that fis-
cal policy actions have non-Ricardian effects on the
economy. The model incorporates a nonlinear rela-
tionship between labor earnings and age (estimated
from data for the United States), in which an individ-
ual’s relative earnings rise in the early part of his
working life and subsequently decline. In the core
version of Mark III, it is assumed that households
face liquidity constraints on their abilities to borrow
against their future incomes, which augments the
non-Ricardian properties of the model.20

Investment demand (Section VI) is modeled in the
spirit of Tobin (1969), extended by allowing for ad-
justment costs, with the net change in the capital
stock reflecting the gap between the market value of
existing capital and its replacement cost. Gross in-
vestment equals net investment plus depreciation,
where the rate of depreciation is exogenous.

The volume of imports of main composite goods
(Section VII) depends on both relative prices and a
measure of domestic activity. The activity variables
used in the Mark III trade volume equations (unlike
the normal unweighted measures used in many
trade equations, including the Mark II specifica-
tions) are weighted sums of the components of ag-

9

19The discount rate that enters the calculations of human and
nonhuman wealth includes the exogenous rate of population
growth and the after-tax interest rate applicable to saving (the
nominal riskless rate of interest plus a premium that reflects both
the credit risk on personal income and the probability of death).

20As discussed in Section V, the issue of whether fiscal policy
has non-Ricardian effects continues to be actively debated as an
empirical proposition. The rationale for adopting the Mark III
consumption-saving specification in a model used for policy
analysis comes partly from the appeal of the theoretical frame-
work, but also reflects a balancing of the prospective welfare
costs of type 1 and type 2 policy errors. Fiscal policy actions
based on erroneous prescriptions from a non-Ricardian model
when the “true model” was Ricardian would presumably tend to
be less costly than fiscal policy inaction based on erroneous
analysis with a Ricardian model when the “true model” was non-
Ricardian.
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gregate domestic absorption (that is, private con-
sumption, private fixed investment, and government
expenditure) and exports, where the weights reflect
import propensities calculated from recent input-
output matrices for each country. In reality, for
many countries, the data show large differences
among the import shares of the different expendi-
ture components, and for these cases this new fea-
ture of the trade volume equations can significantly
enhance the plausibility of MULTIMOD’s analysis
of the macroeconomic effects of changes in govern-
ment expenditure. In addition to their dependence
on domestic absorption, import volumes are related
to the ratio of the import price deflator to the defla-
tor for non-oil GNP.

For purposes of consistency, MULTIMOD speci-
fies each country’s export volume equation in a form
that broadly resembles the import volume equations
of its trading partners. In particular, export volumes
are related to two variables. The first is a foreign ac-
tivity variable, defined as a weighted average of for-
eign-country import volumes (where the weights re-
flect the base-period shares of the home country’s
exports accounted for by the foreign countries or
country groups). The second variable is a real com-
petitiveness index, defined as a weighted sum of the
logarithms of export prices of a country’s trading part-
ners relative to home-country export prices (where
the weights capture the sensitivity of home-country
exports to competition in third markets from foreign
countries). The latter price measure is based on the
IMF’s Information Notice System trade weights.21

Fiscal Policy: Government Spending,
Taxes, and Debt

For each industrial country, the basic fiscal policy
instruments in MULTIMOD are generally specified
as the level of real government spending, a basic tax
rate defined as the ratio of total tax revenues to
nominal GDP, and the tax rate on capital income.22

The effective tax rate on labor income can be de-
rived from the basic tax rate and the tax rate on cap-
ital income; a number of other fiscal variables—in-
cluding the budget balance and the stock of
government debt—are constructed from the spend-
ing and tax rate variables through various defini-

tional identities.23 When simulating the effects of
fiscal policy changes, the fiscal variables need to be
adjusted in a consistent manner. This is illustrated in
Box 2, which examines the spillover effects of a
10 percent increase in government debt that is gen-
erated by temporarily reducing taxes by 2 percent of
GDP for five years.

The settings of the fiscal policy instruments are
not based on estimated behavioral equations. In most
simulations, however, the behavior of the basic tax
rate is governed by a reaction function (or feedback
rule) with imposed parameters. The inclusion of
such a reaction function is intended to preclude un-
realistic model solutions in which the stock of gov-
ernment debt grows without bound relative to
GNP.24 The specification in the core Mark III model
(which is unchanged from the Mark II specification)
assumes that the basic tax rate is adjusted in response
to both the level of, and the change in, the gap be-
tween the actual ratio of government debt to GNP
and an exogenous target ratio of government debt to
GNP.25 The parameters of the reaction function,
which were originally chosen on the basis of earlier
work that studied the dynamics of MINIMOD (see
Masson, 1987), are set at levels that make the model
stable and, in particular, that tend to induce the ratio
of government debt to GNP to return to its baseline
path over the horizon typically used for model simu-
lations. By changing the specification and parame-
ters of this feedback rule, MULTIMOD can be ap-
plied to study and compare the stabilizing properties
of different types of fiscal policy reaction functions.

Monetary Policy

MULTIMOD can be simulated under a variety of
monetary policy reaction functions. The Mark III
model treats short-term nominal interest rates as
monetary policy instruments and can accommodate
interest rate adjustment rules that are consistent with
either fixed exchange rate bands, money targets, in-
flation targets, nominal income targets, or other
macroeconomic objectives, including combinations
of inflation and output or employment objectives.

For many applications, it has been traditional to in-
clude two different forms of monetary policy reaction
functions in simulations of MULTIMOD Mark II.
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21Measures of nominal and real effective exchange rates are
also constructed in MULTIMOD using the IMF’s Information
Notice System weights (for a description of these weights, see
McGuirk (1987) and Zanello and Desruelle (1997)).

22For the developing country blocs, the public and private sec-
tors are essentially treated as an aggregate, with no separation be-
tween government spending and private spending and no explicit
treatment of taxes.

23One of the modified versions of MULTIMOD (see Section
VIII) includes indirect taxes as well as the direct taxes on labor
and capital incomes.

24For some purposes, it is appropriate to “turn off” the tax rate
reaction function and to allow debt to accumulate under a con-
stant basic tax rate.

25See the discussion in Masson, Symansky, and Meredith
(1990), pp. 11–12.
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For France, Italy, and the aggregate of industrial
countries that are not part of the Group of Seven, the
monetary authorities have been assumed to adjust
short-term interest rates in response to movements in
their exchange rates vis-à-vis the deutsche mark. For
the United States, Japan, Germany, the United King-
dom, and Canada, the monetary authorities have
been assumed to adjust short-term interest rates in
response both to the gap between a target for the
stock of money and its actual value and to the gap
between potential output and actual output.

Although money targeting is no longer widely
practiced among industrial country central banks, the
traditional reaction function specifications remain the
“default option” for the core Mark III model and are
the basis for most of the illustrative simulations pre-
sented in this paper.26 These traditional specifications
can easily be modified by model users. The reason
that they remain in the core model is that we have not
yet been able to undertake the detailed country-by-
country analysis that seems warranted before replac-
ing the present default options with a new set of
specification forms and parameter values.27

It is widely recognized that, in reality, the macro-
economic effects of unexpected shocks can depend
importantly on how policymakers react. Consis-
tently, the effects of shocks in MULTIMOD depend
intimately on the assumptions about monetary pol-
icy reaction functions, so that any “quantification”
of multipliers in MULTIMOD is conditional on the
nature of the monetary policy response. Box 3 illus-
trates the degree to which key government expendi-
ture multipliers in the Mark III model are sensitive
to the nature of monetary policy reaction functions.

Partly in light of such sensitivity and because we
intend to change the reaction functions in the core
model over the next year or so, we provide only a lim-
ited set of simulation results in this paper. However,
interested readers can find a more extensive set of
“standard simulations” at the MULTIMOD Web sites,
and can compare these Mark III simulations with
analogous Mark II simulations reported in Appendix I
of Masson, Symansky, and Meredith (1990).28

Money supplies in MULTIMOD are described by
a single monetary aggregate for each industrial
country—the monetary base—which includes both
currency and the reserves of commercial banks held
with the central bank.29 The estimated money de-
mand equations relate (the logarithm of) real money
balances—the monetary base divided by the absorp-
tion price deflator—to (the logarithm of) real do-
mestic absorption and the short-term nominal inter-
est rate. The money demand equations for the
industrial countries were estimated jointly (see Mas-
son, Symansky, and Meredith, 1990, pp. 12–13).
These equations affect the macroeconomic re-
sponses to shocks only in cases in which monetary
policy reaction functions are assumed to involve in-
terest rate adjustments in response to deviations of
money supplies from target paths.

Oil, Primary Commodities, and
Nontradables

MULTIMOD recognizes that the performance of
the world economy can be affected considerably by
changes in the prices of oil or non-oil primary com-
modities and also that net exports (or imports) of
these goods can be important components of the ex-
ternal balances of individual countries and country
groups. In contrast to its treatment of main compos-
ite goods, for which each country is assumed to
produce a differentiated composite, MULTIMOD
assumes that oil and non-oil primary commodities
are each homogeneous goods with a single world
market price. The price of oil is treated as exoge-
nous, while the price of primary commodities is
perfectly flexible and varies endogenously to clear
the market.

The global supply of oil is assumed to be perfectly
elastic at the world market price. Oil production by
each of the industrial countries, however, is treated
as exogenous (perfectly inelastic), whereas produc-
tion by the two developing country blocs is assumed
to respond passively to the global demand for oil at
the given price, with the net exports of each of the
two blocs providing a fixed proportion of the excess
of industrial country demand over industrial country
supply.30
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26As with the fiscal policy feedback rules, the parameters
of these monetary policy reaction functions are imposed, with
parameter values set at levels that make the model stable. 

27We plan to undertake such an analysis over the next year in
conjunction with regrouping some of the industrial countries in
the context of European Economic and Monetary Union.

28To the extent that the Mark III and Mark II models embody
the same reaction functions, comparisons of “standard simula-
tions” of the two models can be revealing. However, for models
with forward-looking expectations, which take account inter alia
of the nature of policy behavior, the optimal forms of monetary
policy reaction functions are model specific, and one can ques-
tion the meaningfulness of comparing standard simulations of
models with either different optimal policy reaction functions or
common suboptimal reaction functions.

29Neither of the developing country models contains a mone-
tary sector.

30These assumptions, which are retained from the Mark I
model, are consistent with the paradigm that the Organization of
Petroleum Exporting Countries sets the price of oil and serves as
residual supplier. It may be noted that inventories of oil are not
explicit in the model; changes in inventories are implicitly in-
cluded in consumption.
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The specification of oil consumption by industrial
countries is based on estimates, using pooled data,
of an error-correction model in which the same
long-run and short-run price elasticities and long-
run activity elasticities are imposed across all coun-
tries. The short-run responses of oil consumption to
activity, as measured by GDP, are allowed to differ
across countries. The long-run elasticity with re-
spect to GDP is constrained to be unity, while the
long-run elasticity with respect to the relative price
of oil (that is, the ratio of the price of oil to the
country’s GDP deflator) is estimated to be less
than unity (in absolute value). The specifications
and estimated coefficients are described in more
detail in Masson, Symansky, and Meredith (1990,
pp. 6–7).

MULTIMOD includes the production of non-oil
primary commodities, which represents only a small
share of the aggregate output of the main developing
country group (but is relatively important for some
regions within this group). Output (and exports) of
primary commodities by the main developing country
bloc reflects productive capacity, which is treated as
perfectly inelastic in the short term but responsive
over time to changes in relative price (or, implicitly,
to changes in the profitability of production).31 The
industrial countries and the high-income oil export-
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Box 2. The Spillover Effects of Government Debt

Increasing international financial integration has ex-
panded the markets in which governments can sell their
debt. In principle, this development provides greater
scope for governments to smooth taxation and spending
and for countries to smooth consumption over time in
the face of temporary shocks. But capital market integra-
tion also implies that the fiscal policies of one country
will affect other countries. In a world with highly inte-
grated capital markets, a country that issues an amount
of debt that is globally significant will thereby raise real
interest rates throughout the world and crowd out pri-
vate investment in all countries. An important policy
implication is that countries that issue large stocks of
debt not only may reduce their own living standards, but
also may impose significant spillovers on other coun-
tries by pushing up the world real interest rate.

Recent empirical evidence has found significant ef-
fects of world government debt on real interest rates.
(See, for example, Tanzi and Fanizza, 1995; and Ford
and Laxton, 1995.) This is consistent with other empiri-
cal evidence suggesting that government deficits reduce
national and world saving because consumers increase
their saving by less than the full amount of the future
taxes that will be necessary to finance the higher level
of debt. As a consequence, there will be a tendency to
overconsume available resources, with resulting higher
real interest rates and a lower world capital stock. This
tendency to overconsume available resources in the
short run by reducing the capital stock also lowers the
sustainable level of consumption in the long run.

Box 9 provides a more extensive discussion of the
aggregate crowding-out effects of the buildup in gov-
ernment debt in the industrial countries, along with esti-
mates suggesting that there could be very significant
benefits for the world economy if governments reduced
their debts. Here, we focus on the spillover effects of one
country’s debt on living standards in other countries.

To illustrate, the table presents estimates of the own-
country effects and spillover effects that would be asso-

ciated with a temporary five-year tax cut that increases
the debt-to-GDP ratio of the United States by 10 per-
centage points.1 Specifically, taxes are reduced by 2
percent of GDP for five years, and then allowed to rise
to stabilize the debt-to-GDP ratio at a steady-state level
that is 10 percentage points higher than the baseline
level.2 The simulations are based on monetary policy
reaction functions that broadly resemble the policy en-
vironment of the early 1980s, with monetary targets in
Canada, Germany, Japan, the United Kingdom, and the
United States and fixed exchange rates (versus the
deutsche mark) in France and Italy.

As seen in the table, in the short run, lower taxes re-
sult in strong expansion of real consumption and GDP
in the United States, with positive spillover effects on
the world economy. With higher real interest rates,
however, capital accumulation slows in both the United
States and other industrial countries, and by year 4 real
GDP levels are below baseline, with steady-state GDP
0.3 percent below baseline in the United States and 0.4
percent below baseline in other industrial countries.
Steady-state consumption is 0.7 percent below baseline
in the United States and 0.2 percent below baseline in
other industrial countries, reflecting the effects of
lower per capita real income. The long-run effects on
consumption are larger in the United States because net
foreign assets fall in the United States and rise in the
other countries.

1To put the size of this shock into perspective, the ratio of
net debt to GDP of the United States increased from an aver-
age of 26 percent during 1978–80 to 56 percent in 1995; see
International Monetary Fund (1996).

2This is implemented through adjustment of the basic tax
rate on nominal GDP, holding constant the tax rate on capital
income. In the steady state, the basic tax rate must exceed the
baseline level to finance the increased interest burden that re-
sults from higher government debt and higher interest rates.

31The paradigm is a crop harvest or production from mines,
where individual producers are too small to influence the price
and where the marginal costs of expanding contemporaneous
supply are infinite.
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ing countries are treated as if they do not produce
primary commodities.32 The industrial country con-
sumption (and import) equations for primary com-
modities are based on an error-correction model that
regresses the change in imports on (current and
lagged) changes in GDP and relative prices, as de-
scribed in more detail in Masson, Symansky, and
Meredith (1990, pp. 7–8). The price of primary com-
modities is perfectly flexible and clears the market.

For the main developing country bloc, MULTI-
MOD also identifies a composite nontradable good.

Insofar as these countries are assumed to face a bal-
ance of payments financing constraint (described
below), the presence of a nontradables sector is im-
portant for capturing the expansionary effects of ex-
port growth. The demand for nontraded goods in the
main developing country bloc reflects an assumption
that consumption and investment are split (in en-
dogenously determined proportions) between non-
tradables and other goods. Output of nontradables is
assumed to be perfectly elastic (entirely demand de-
termined) at an exogenous price; there is no capacity
constraint on nontradables production, and there is
assumed to be sufficient slack in the developing
country economies to increase the output of nontrad-
ables without shifting resources out of other sectors.
Without such scope to expand the production and
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32Implicitly, any actual outputs and exports of primary com-
modities by the industrial countries are aggregated with their out-
puts and exports of the main composite goods.

Effects of a Five-Year Temporary Tax Cut That Permanently Increases the Debt-to-GDP Ratio of the
United States by 10 Percentage Points

Steady
Year 1 Year 2 Year 3 Year 4 Year 5 State

Real GDP
United States 0.7 0.3 — –0.1 –0.1 –0.3
Other industrial countries 0.3 0.1 –0.1 –0.1 –0.1 –0.4

Capital stock
United States — –0.2 –0.4 –0.6 –0.8 –1.2
Other industrial countries — –0.1 –0.2 –0.3 –0.3 –1.2

Real interest rate (10-year)
United States 0.6 0.6 0.6 0.5 0.4 0.1
Other industrial countries 0.2 0.2 0.2 0.2 0.2 0.1

Consumption
United States 1.3 1.1 0.9 0.9 1.0 –0.7
Other industrial countries 0.4 0.2 — –0.1 –0.2 –0.2

Unemployment rate
United States –0.3 –0.2 –0.1 — — —
Other industrial countries –0.1 –0.1 — — — —

GNP deflator
United States 0.3 0.7 1.2 1.6 1.8 0.8
Other industrial countries –2.3 –2.1 –1.8 –1.4 –0.7 1.6

Net foreign assets
United States 0.1 — –0.2 –0.4 –0.7 –5.6
Other industrial countries 0.4 0.4 0.5 0.6 0.7 2.9

Real exchange rate
United States 2.2 2.2 2.1 1.8 1.2 –0.9
Other industrial countries –1.0 –1.0 –0.9 –0.8 –0.5 0.5

Note: In percent deviations from baseline for all variables except the real interest rate and unemployment rate, which are percentage point
deviations from baseline.
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consumption of nontradables, an expansion of devel-
oping country exports would not have significant
multiplier effects on aggregate output, but would
simply lead to an equal increase in imports.

Financing Constraints and Absorption
for Developing Countries

As described earlier, MULTIMOD divides the
developing and transition economies into a group of
six high-income oil exporters and the main develop-
ing country bloc. The larger bloc, which includes
a great majority of the IMF’s developing country

members, is assumed to face constraints on external
financing.

The constraint on external financing, a legacy of
the debt crisis of the 1980s, is a key feature of the
main developing country model. The availability of
financing is assumed to depend on the expected
future growth of exports and on the gap between
the prevailing ratio of net debt interest payments to
exports and a long-run benchmark level of that
ratio.33 In combination, the availability of external
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Box 3. Government Expenditure Multipliers Under Alternative Monetary Policy 
Reaction Functions

This box illustrates the effects of an increase in gov-
ernment expenditure under alternative assumptions about
monetary policy. The simulations are conducted on the
Japan bloc of the model. The specific experiment that we
consider is a permanent increase in government expendi-
tures of 1 percent of baseline GDP1 that results in a 10
percentage point increase in the ratio of government debt
to GDP. For the first 10 years of the shock, tax rates are
held fixed; in the eleventh year, the basic tax rate is al-
lowed to rise to stabilize the debt-to-GDP ratio. The main
point of the box is that there is no such thing as a pure
fiscal shock; the short-term effects of fiscal policy de-
pend intimately on the reaction of the monetary authori-
ties. To illustrate, we consider three possible assumptions
for monetary policy: exchange rate targeting, inflation
targeting, and money targeting. In each case, we assume
that the authorities rely on a short-term interest rate as the
instrument to adjust in pursuing their target.

Money targeting and exchange rate targeting can be
implemented in Mark III by specifying the following
reaction function,

rst = rst–1 + α(mt – m*t ) + β(ert – er*t ),

where rs is the short-term nominal interest rate, m is the
level of money balances (in logs), er is the nominal ex-
change rate, and the asterisks denote the desired levels
of money balances and the nominal exchange rate. A
fixed exchange rate can be imposed by choosing a very
large value for β and setting α equal to zero. Similarly,
it is possible to keep money balances close to their de-
sired levels by setting β equal to zero and choosing an
appropriate value for α. For the case of money target-
ing, we have chosen a value for α that keeps money
balances close to desired levels but does allow small
deviations from the targets in the short run.

For present purposes, we define inflation targeting
broadly as a rule that adjusts the short-term nominal in-
terest rate in response to changes in expected inflation
and movements in both the inflation rate (πt), and the
output gap (yt), where inflation is measured using the
GDP deflator. This is implemented with the following
equation,

rst = rr*t + πe
t + µ(πt – π*t ) + ν(yt – y*t )

where rr*t , π*t , and y*t are the baseline values for the real
interest rate, the inflation rate, and the output gap, and
πe

t is the level of inflation expectations. For illustrative
purposes, we focus on the case µ = ν = 1.2

The table reports the shock-minus-control values for
real GDP, money balances, the short-term interest rate,
the nominal exchange rate, and the GDP deflator.
Under each of the three reaction functions, the shock
has positive short-run effects on real GDP and the GDP
deflator, although the magnitudes of these effects de-
pend on the particular reaction function. Under fixed
exchange rates, real GDP increases by more than the
increase in government expenditures in the first year. In
this case, because the monetary authorities are target-
ing the nominal exchange rate, short-term interest rates
are unchanged and the increase in nominal aggregate
demand implies a significant increase in the level of
nominal money balances.

The short-run effects on GDP are considerably
smaller under money targeting and inflation targeting,
because monetary conditions tighten to counteract the
expansionary effects of the shock. Under money target-
ing, short-term interest rates increase by 40 basis points
in the first year and this, combined with a 4.0 percent
appreciation of the yen, reduces the short-run output ef-
fects from 1.5 percent to 0.6 percent. Under inflation
targeting, the short-term interest rate increases by 100
basis points, the nominal exchange rate appreciating by

2These weights are fairly similar to the Taylor rule; see Tay-
lor (1993).

1Because of the nonlinear properties of Mark III, the effects
of fiscal shocks depend on whether the economy is initially in
excess demand or supply. These simulations were conducted
on a baseline that assumes that output is equal to potential.

33Debt interest payments are calculated net of interest receipts
on international reserve assets.
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financing, the level of exports, and the level of net
debt interest payments impose a constraint on the
sum of imports and the change in international re-
serve holdings. A second relationship between the
latter two variables, in which the ratio of interna-
tional reserves to imports adjusts over time toward a
target level, is included in the core version of MUL-
TIMOD to determine the balance between imports
and the change in reserves.

Absorption in the main developing country model
is disaggregated only into consumption and invest-
ment; private and government demands are not dis-
tinguished in the data, and there is no role for fiscal
or monetary policies. Consumption is assumed to

depend on a measure of current and lagged dispos-
able income that includes the available flow of ex-
ternal financing. The latter incorporates changes in
the net foreign asset position and debt levels, includ-
ing valuation effects arising from changes in interest
rates and exchange rates. Investment is determined
from the national income accounts residually as the
sum of domestic saving (production minus con-
sumption) and net saving from abroad (imports
minus exports). Implicitly, however, the determina-
tion of the supply of external financing (net saving
from abroad) in a forward-looking framework takes
into account the marginal product of capital in con-
tributing to the expected future growth of exports.
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4.8 percent, and there is an even smaller increase in
output in the first year.

Under fixed exchange rates, the nominal exchange
rate is not free to jump in response to the changing
cyclical conditions of the economy, and, with forward-
looking exchange rate expectations and interest rate
parity, there is no pressure for the nominal interest rate
to change; the adjustment process thus takes consider-

ably longer. In this case, movements in real monetary
conditions can be affected only by movements in the
price level, and because prices are sticky in MULTI-
MOD, fiscal expansions can result in a significant and
persistent business cycle. By contrast, under inflation
targeting, the short-run effects of the shock are consid-
erably smaller and the economy returns to potential
considerably faster.

Effects of a 1 Percent of GDP Permanent Increase in Government Expenditure in Japan
Under Alternative Monetary Policy Reaction Functions

Year 1 Year 2 Year 3 Year 4 Year 5

Real GDP
Exchange rate target 1.5 1.2 0.4 –0.2 –0.5
Inflation target 0.4 — –0.1 –0.2 –0.2
Money target 0.6 0.1 –0.1 –0.2 –0.3

Money supply
Exchange rate target 1.3 3.1 4.4 5.0 4.9
Inflation target –0.4 –0.3 –0.1 0.2 0.4
Money target — 0.3 0.4 0.5 0.5

Short-term nominal interest rate
Exchange rate target — — — — —
Inflation target 1.0 0.7 0.6 0.5 0.5
Money target 0.4 0.4 0.4 0.4 0.3

Nominal exchange rate
Exchange rate target — — — — —
Inflation target 4.8 3.9 3.2 2.6 2.0
Money target 4.0 3.7 3.3 2.9 2.5

GDP deflator
Exchange rate target 1.1 2.7 4.0 4.7 4.8
Inflation target 0.2 0.6 0.9 1.2 1.5
Money target 0.3 0.7 1.0 1.1 1.2

Note: In percent deviations from baseline for all variables except the short-term interest rate, which is percentage point deviations from baseline.
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Consumption and investment expenditures by
the main group of developing countries are as-
sumed to reflect demands for both main composite
goods and nontradable goods. Investment pur-
chases are allocated between increments to capital
in the main composite goods sector and capital ac-
cumulation in the non-oil primary commodities
sector; nontraded goods and oil are assumed to be
produced without capital goods. The allocation of
investment among sectors depends on the relative
price of main composites and primary commodi-
ties, which is regarded as an indicator of the rela-
tive rates of return in the two sectors.34 Once in
place, capital is assumed to be immobile between
sectors.

For the bloc of six high-income oil-exporting
countries, it is assumed that imports are not con-
strained by available external financing. Their out-
puts of main composites and non-oil primary com-
modities are not treated explicitly, and the price of
their domestic output is identified with the price of
oil.

Consistent with the lack of explicit treatment of
non-oil output, the model for the high-income oil ex-
porters includes specific equations for imports of
main composites and non-oil primary commodities,
but does not explicitly model the domestic demands
for main composites or primary commodities. Im-
port volumes are assumed to depend, however, on
aggregate domestic activity variables, as well as on
the ratio of the price of imports to the price of oil.

Accounting Identities, Arbitrage
Conditions, Interest Rates, and
Exchange Rates

As consistency requirements, MULTIMOD im-
poses both the national income accounting identities
that individual country models must satisfy and a
parallel set of identities at the global level. At the na-
tional level, the difference between saving and in-
vestment must equal the current account balance or,

equivalently, the sum of net exports of goods and
nonfactor services plus net receipts from factor ser-
vices and transfers. At the global level, saving and
investment must be equal, such that national current
account balances sum to zero.

MULTIMOD also imposes two types of arbitrage
conditions on interest rates and exchange rates. One
of these constrains each country’s long-term nominal
interest rate to be consistent with the time path of its
expected short-term interest rates. The core version
of MULTIMOD requires that the long-term interest
rate equal the expected return from holding a series
of comparable short-term securities, but it is possible
to introduce modifications that allow for liquidity or
risk premiums. The second type of arbitrage condi-
tion links interest rates and exchange rates. The core
model imposes the uncovered interest parity condi-
tion, requiring that interest rate differentials (on
equal-maturity assets denominated in two different
currencies) equal expected rates of change in ex-
change rates (between the same two currencies), but
this can be modified to allow for interest premiums.

The accounting identities play a major role in de-
termining the steady-state values of interest rates
and exchange rates. Loosely speaking, one can think
of the identity between global saving and global in-
vestment as a condition that pins down the steady-
state values of real interest rates—that is, nominal
interest rates adjusted for expected changes in price
levels (absorption deflators). Similarly, one can
think of the identities between national saving-
investment balances and current account positions as
conditions that pin down the steady-state values of
real exchange rates. And, given the expected long-
run equilibrium (that is, steady-state) values of inter-
est rates and exchange rates, together with the as-
sumption that expectations about interest rates and
exchange rates are model consistent, one can think
of the two sets of arbitrage conditions as pinning
down the entire expected future time paths of inter-
est rates and exchange rates.35
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34Neither the data nor the model is adequate for considering
other factors relevant to the sectoral allocation of investment.

35This description is oversimplified, of course, because it takes
as given the steady-state levels of saving and investment. In gen-
eral, the steady-state values of saving, investment, and most other
variables depend on exogenously specified assumptions about
certain variables and key parameters; see Section III.
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