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ABSTRACT

After the abandoning of fixed exchange
rates by most major countries in 1973, it was observed
that exchange rates fluctuated disproportionally to
relative prices. "The asset market approach to
exchange rate determination " has been used to explain
the volatility of the exchange rates. The application
of "the asset market approach to exchange rate deter-
mination " to a large country framework is the subject
of this dissertation.

The effect of an increase of nominal money
supply on the exchange rate is dampened in a two-country
world and overshooting is not a necessary feature of the
model. The model has the advantage of examining the
effect of real shocks, like an increase in government
spending. It can also handle shocks due to changes in
foreign variables (nominal or real) which are equally
important in a large country setting.

The assumption that both domestic and foreign
variables have the same coefficient but opposite signs,
which has been used extensively in the theoretical and
empirical literature, is relaxed since its imposition

could even reverse the signs of the constraint
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coefficients.

Even within a two-country model, the long-
run proportionality between money, prices and exchange
rates, that is, purchasing power parity, holds. This is
derived as a long-run zero degree homogenelity restric-
tion in money and prices which can be tested. The
impact period results, however, are different from those
derived in a small country world.

The sample consists of 42 quarterly observa-
tions (1973I-1983II) and only the large OECD countries,
France, Germany, Japan, the UK and the US are considered.
The notion of effective exchange rate is applied. The
foreign variables are constructed by aggregating over the
major trade partners of each country using trade weights.

It is shown that the reduced form system is
guite successful in tracking the actual data and that
the model is indeed stable. There is no indication of
overshooting except for France, and the restriction
implying purchasing power parity cannot be statistically
accepted. Finally, the predictive performance of the

purchasing power parity is evaluated.
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CHAPTER 1

INTRODUCTION

The world moved to a general system of
floating exchange rates after the collapse of the
Bretton Wooas agreement in 1973 and a revived interest
in the theory of purchasing power parity has emerged
during the last decade. The experience of the major
advanced industrial economies has led many to argue
that generalized floating may not be a panacea for
international monetary problems. An understanding of
the forces influencing currency values 1is of prime
importance to the international financier and investors
and to everyone concerned with international finance
and trade. Foreign exchange is one of the key factors
which determines guoted prices of products and servwices.

Over the years several competing theories
to explain changes in foreign exchange rates have been
proposed. One of the major theories, the theory of
purchasing power parity, is examined in aepth in this
thesis. There are two opposing views on the theory of

currency depreciation. In the elasticity approach to



the balance of trade, a devaluation or currency deprecia-
tion is believed to have a small inflationary impact on

the devaluing country. On the other hand, the monetary

approach to the balance of payments assumes considerable
inflation in the short run. In the context of the
international economy changes in price levels and
changes in exchange rates will offset one another.

This is one implication of the neoclassical theory.

The purchasing power parity theory implies
that changes in relative prices are reflected in changes
in exchange rates. This proposition has been tested
with relatively simple models. Recently, the purchasing
power parity relationship has been explicitly incor-
porated into the monetary approach to exchange rate
determination and dynamic versions of it have been
tested.

The purchasing power parity theoxry has been
used as a long-run proposition or as a steady-state
relation. Given that it holds in the long run, useful
conclusions can be drawn for the short-run behaviour
of exchange rates. Dornbusch's (1976b) paper falls in
this category.

Dornbusch's approach is extended here to a large

country framework and the extended variable output case



of the Dornbusch model is considered. Previous studies
have completely neglected feedback responses from
abroad. There appears to pbe no other study in which
purchasing power parity is examined within a two~country
model. The phenomenon of overshooting, as first
conceived by Dornbusch in a small country setting, is
not a necessary phenomenon in a large country model.

The model constructed in the present study
can examine the effects, not only of changes of money
supply, which have commonly been considered in other
studies, but also of exogenous real shocks, such as an
increase of government expenuitures or of energy prices.
It can also handle shocks to the foreign variables
(nominal or real) and examine their effects on the
domestic country.

The thesis is oryganized as follows. Chapter 2
describes the literature concerning purchasing power
parity as a theory of exchange rates. Since the
proposition of purchasing power parity is quite old,
there is a vast amount of literature to be discussed.
However, only the more recent trends in the literature
are given close attention. After defining some basic
concepts, a survey of recent studies is provided under

three headings: price indices and effective exchange



rates; policy considerations; and dynamics and lag
structure.

Chapter 3 describes the theoretical model.
It is a model within the tradition of the asset market
approach to exchange rate determination. The small
country assumption has been replaced by a two-country
model which is more appropriate for explaining the
economies o0f some large industrial countries. Even with
a two-country model, the long-run proportionality
between money, prices and exchange rates, that is,
purchasing power parity, holds. This is derived as a
result of the model and it appears as a long-run
homogeneity restriction in money and prices which can

be tested. The impact period results, however, are

different from those obtained with the Dornbusch model.
Chapter 4 discusses some considerations preli-

minary to estimation. The objective of that chapter is

to make the model presented in chapter 3 applicable

for empirical implementation. The question of the

standard country, the time period, the sample of

domestic and rest of the world countries, seme

reasons for the choice of the price index and the

treatment of expectations are discussed.



The sample consists of 42 guarterly obser-
vations covering the flexible exchange rate period
19731-19831I1 and only the large OECD countries, France,
Germany, Japan, the UK and the US are considered. The
rest of the world variables are constructed by aggre-
gating over the major trade partners of each country
using trade weights. This aggregation allowsus to
have an effective exchange rate even for thne US, by
treating the US symmetrically with tne other countries.

The estimation method to be used and the
statistical criteria to be applied, as well as the
various tests performed with the model, are discussea
in chapter 5. Zellner's seemingly unrelated regression
method is used. All the endogenous variables are
expressed in terms of exogenous variables and random
errors which are correlated across equations. The model
allows us to test for the purchasing power parity and
the phenomenon of overshooting or undershooting
following a money supply change.

The model is flexible enough to test the
proposition that domestic and foreign variables enter
the equations with common coefficients but of opposite
signs. Though such an assumption has not been made, 1t

can be tested with a log-likelihood ratio test. It is



an assumption that has been adopted very extensively
in other studies without any a priori theoretical
reasoning.

Chapter 6 is concerned with the validation
of the model by comparing observed historical with
actual values. Subsequently, the predictive perfor-
mance of the purchasing power parity theory is
examined, based on simulated values of domestic and
foreign prices and exchange rates. Some simulation
experiments are performed to evaluate the response of
the model to various shocks.

Chapter 7 summarizes the study and makes

suggestions for future research.



CHAPTER 2

THE PURCHASING POWER PARITY THEORY

OF EXCHANGE RATES: A SURVEY

2.1 INTRODUCTION

Purchasing power parity (P.P.P.) theory can
be considered as an extension of the guantity theory
of money in an open economy. The monetary approach
explains exchange rate movements largely by actual and
anticipated movements of relative money stocks. Thus,
it stresses one line of causation running from money to
domestic prices to exchange rate.

Gustav Cassel (1916, 1922, 1928) is the first
economisgst to place P.P.P. within a systematic framework
and it is this framework that has been used extensively
even in recent studies. The origins, however, of P.P.P.
can be traced back to Ricardo (1970) and Wheatley
(1970) .

P.P.P. has been used in a variety of contexts
and for a variety of purposes: as a tool for assessing
exchange rate disequilibria under both floating and
fixed exchange rate regimes, for time series as well
as comparative static comparisons of purchasing power

parities and exchange rates, as a basic relation in



aggregate econometric models, as a tool for investi-
gating the movement of internal price ratios, as a
test of the commodity arbitrage hypothesis and as a
criterion for setting new exchange rates.

The literature of P.P.P. is so large that it
is not possible to cover it here. Fortunately, Officer
(1976) offers an excellent review article. He examines
both the theoretical and empirical studies concerning
P.P.P. and various arguments in favour of and against
it. The guestion of productivity bias is particularly
emphasized. A historical description of the early
controversies that led P.P.P. to emerge as a theory
can be found in Myhrman (1976). The book by Lee (1976)
can be considered as a reference volume.

Recent trends and particularly P.P.P. within
the modern approach to exchange rate determination are
not dealt with in these studies. Thus, after discussing
some definitions and methodological issues relating to
P.P.P., the recent trends of the literature are surveyed
here. The problem of choosing the appropriate price
index is apparent and a special section is devoted to 1it.
The orientation of P.P.P. towards policy considerations
and the dynamic formulation of the theory, which is a

very recent development, are then considered.



2.2 DEFINITIONS AND METHODOLOGY

The proposition that national monies tend
toward purchasing power parities over real goods and
services gives a good starting point to examine
the guestion of whether equilibrium exchange rates
between commodities and currencies are established.

The definition of P.P.P. between two countries has two

versions: the absolute and the relative. According to

the absolute version the equilibrium rate of exchange
between domestic and foreign currency equals the ratio
between domestic and foreign prices. The relative
version states that the exchange rate is equal to the
product of the exchange rate in a base period and the
ratio of the countries' price indices. 1In other words,
the relative P.P.P. relates equilibrium change in the
exchange rate to changes in the ratio of domestic to
foreign price indices. o

The following definitions are required:

a) The balance of payments is defined as the
official settlements account of the basic balance.

b} The short-run equilibrium exchange ratel
is the rate that would exist under a freely floating

exchange rate regime.

By exchange rate we mean the spot exchange rate,
unless otherwise stated.

R
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c) The long-run equilibrium exchange rate
is the fixed rate that would lead to balance of payments
equilibrium over a period that incorporates any cyclical
variation in the balance of payments, assuming that there
are no trade restrictions and no monetary and/or fiscal
intervention by the authorities.

d) P.P.P. refers to the long-run equilibrium
exchange rate or the main determinant of it.

e) The short-run equilibrium exchange rate
is a function of the long-run equilibrium exchange

rate as the former tends to approach the latter.

These definitions indicate that the short-
run equilibrium exchange rate is a function of P.P.P.
(in its absolute or relative version) and other factors.
Thnere are two extreme cases. First, one can define
the short-run equilibrium exchange rate at a given time
as equal to the P.P.P. at the same time. In this
case tne short-run equilibrium exchange rate cannot
deviate even temporarily from the current value of
P.P.P. Second, P.P.P. can be consiacered merely as
one variable in a set of variables within a system of
multivariable equations which determines the exchange
rate.

In an intermediate case one could express the
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current short-run equilibrium exchange rate as a
function of current and past values of P.P.P. This
brings the theory closer to Cassel's formulation,
especially when an error term 1s added. Cassel

(1916) considers the short-run equilibrium exchange

rate as a function of the current value of P.P.P.

and allows also other explanatory variables and an

error term to enter his formulation. But he is explicit
in showing that the most important explanatory variable
is the current value of P.P.P.

Two dimensions of P.P.P. have been indicated
above. The absolute, as distinguished from the relative
form of P.P.P., and P.P.P. as a theory of exchange rates.
A third uimension has to do with the application of
P.P.P. as a conversion factor to transfer data from one
national currency to another. This application has led
to the incorporation of the index number theory in the
P.P.P. literature and to intercountry comparisons of
gross domestic product and its componentsz. Though the
concept of P.P.P. as a conversion factor will not be
used here, it is unavoiaable that a variety of product-

price or factor-cost measures will be used in defining

2 See Kravis, Irving and others (1975).
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P.P.P., particularly 1n empirical work. Such

measures can be the gross domestic price deflator,

the cost-of~living price index, the wholesale price
index, wage rates, unit labour costs and unit factor
costs. The explicit incorporation of the price indices
in the previously given definitions and a formal and
rigorous interpretation of the absolute and relative

P.P.P. versions are undertaken below

2.2.1 ABSOLUTE PURCHASING POWER PARITY

The purchasing power of money at time t, MP,

t
is defined as the reciprocal of some commodity price

index. Assume n commodities in the world. Then the

commodity price of money at time t 1is

where Pi 1s the domestic currency price of a unit of

good 1 and c; is the weight (importance) assigned to
commodity 1 in constructing the domestic price index.

It 1s evident from (2.1) that Mz declines with general

McKinnon (1979, pp. 119-122) gives a similar inter-
pretation for the absolute and relative versions.
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inflation in the prices of commodities.
A similar relationship can be written for
some particular foreign country:

FMP S S (2.2)

T i
) 4, FP{
i=1 ~

where FMi is the foreign commodity price of money at

time t, FPi is the toreign currency price of commodity

i and di is the foreign weight assigned to commodity i.

According to Cassel (1922), the absolute
version of P.P.P. is defined as the ratio of the
purchasing power of the two monies at time t. "Our
valuation of a foreign currency in terms of our own,
therefore, mainly depends on the relative purchasing
power of the two currencies in their respective
countries... This parity I call purchasing power
parity." (pp. 138-140.) Thus, we can define the

P.P.P. exchange rate as

n
P N i
ppp M i=1%F¢
E = 5 = 5 (2.3)
Me } 4. FpT
. 1 t
i=1
This is the definition of the absolute P.P.P. It is

the parity ratio of the purchasing powers of the two
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monies and it is expressed in domestic currency per

unit of foreign currency.

Four conditions should be satisfied so that .
this parity ratio, EPPP, exactly equals the actually

quoted spot exchange rate, E:

a) No tariffs or other barriers to trade

exist.

b) All goods are perfectly tradeable with

zero transportation costs.

c) Within each commodity category in the above
equation, the domestic and foreign goods are perfectly
homogeneous.

d) The price indices used are the same

for both countries, 1i.e.,
c. = di’ where 1 = 1,2,...,n (2.4)

If the first three conditions hold, then the law of

one price holds, which implies that perfect commodity

arpbitrage occurs. According to the previous notation
i _ 1 o . 5
Pt = E.Flt for all 1 = 1,2,...,n (2.5)

But even when the law of one price holds,
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nothing guarantees that EPPP = E unless c; = di'

Therefore, in order to obtain the absolute version of
P.P.P., these four strong conditions should hold. This
is apparent if one substitutes equations (2.4) and
{2.5) into (2.3). These conditions are rather extreme
to hold in the short run. Commodity arbitrage among

tradeable goods 1s more likely to hold in the long run.

2.2.2 RELATIVE PURCHASING POWER PARITY4

The law of one price in international commodity
arbitrage is a strong condition. It forces the relative
prices of goods in one country to be the same as those
in another country in situations of bilateral comparisons.

Thus, what commodity will be chosen td calculate the

parity exchange rate is not important. One could write,
PE PPP

for instance, E = K = E , where k can be any
FPt

single commodity.
Suppose the law of one price is relaxed. Then
a measure of commodity purchasing power of money is

necessary 1in each country. Usually, national price

The relationship between absolute and relative P.P.P.
is explained in detail in Officer (1978).
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indices of traded goods are used. A price index for
tradeable goods should be calculated with equal
commodity weights (ci = di> across countries. Often
each country will publish a domestic consumer price
index, a gross national product deflator, a wholesale
price index and an export price index. Although
international statistical conventions may be such that
these 1ndices obey the same classification schemes

among countries (e.g., the wholesale price index

usually includes agricultural commodities, manufactured
goods and industrial materials, and excludes services),
the problem of different weights remains.

Another problem is that price indices are
always calculated relative to some base year. They
cannot, therefore, be used directly,according to equations
(2.1) and (2.2), to get the absolute purchasing powers
of currencies. Those who use national price indices

adopt the following convention:
n

)
1216437

n
y c.P

Let PI, =

SN T

1

where PI; is the domestic price index at time one

relative to time zero and



where FPIl is the foreign price index at time one

relative to time zero. Even when Ci = di' the ratio
PIl
FPT will not be egual to the absolute P.P.P. exchange
1

rate. For this to be the case, the absolute P.P.P.

must hold in the base period (time zero)

n

) i
o - i=1%%0  _ _ppp
0 n i 0

y d, FP

i=p 0

PPP

where E. is the actual exchange at time zero and EO

0

is the P.P.P. exchange rate at time zero. If EO =

PP
E P, one can use the actual exchange rate, E

0 and

OI
knowledge of subsequent movements in the countries'

price indices to compute the relative version of P.P.P.,
PPP

E .

According to the notation previously used,

PPP 1

This is the definition of the relative P.P.P.
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In practice, the condition that the exchange rate
should be in eguilibrium in the base period can be

approximated by selecting a stable base year, or a

. . : PI
period of time over which the ratio of 7p7 does not
move a great deal.
2.3 RECENT TRENDS IN THE PURCHASING POWER

PARITY LITERATURE

A revived interest for the literature of
P.P.P. has emerged during the last decade after
the collapse of Bretton Woods (1973) and the return of
major currencies to a floating regimes. Three basic
trends are apparent in the recent literature. First 1is
the improvement of existing and the use of new indices,
since more data are available. Second, most of the recent
articles address directly the question of policy or at
least have policy implications. Third, P.P.P. theory
has been improved in the sense that dynamic structures

have been used.

> Some reasons for the re-emergence of P.P.P. theory

in the 1970s are given in Katseli (1979).
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2.3.1 PRICE INDICES AND EFFECTLVE EXCHANGE RATES

The problem of choosing the appropriate
price index still remains a fundamental one in recent
literature. Apart from the gquestion of the choice of
base and terminal years, the question of whether to
rely on bilateral or multilateral currency relationships
has emerged.

In June 1977, the Ford Foundation, in colla-
boration with the Central Bank of Greece, sponsored a
two-day conference on P.P.P. The papers presented
there were published by the Journal of International
Economics in May 1978. They cover a wide area related
to exchange ratesand prices. The choice of the apprb—
priate index is addressed in most of these papers.

Frenkel (1978) presents two views. According
to the first, oq}ng£}cesvof traded goods should be
included. Domestic commodity prices are secondary.
The second view is that P.P.P. refers to the internal
value of the currencies and variations in this value
can be measured by general indices reflecting all goods
marketed in the country. Those who support the view
that only traded goods should be included stress the

importance of commodity arbitrage as the mechanism which
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dominates the relationship between exchange rate and
price. Those who support the broader price index
stress the importance of equilibrium in the asset
markets, as the major mechanism of the relationship
between the exchange rate and price.

Proponents of commodity arbitrage argue that
only individual commodity prices should be analyzed,
and thus no aggregate price index is relevant. Proponents
of the asset market approach claim that this approach
takes for granted that commodity arbitrage equates
traded goods prices, and thus P.P.P. applied only to
traded goods becomes a truism. Consequently, proponents
of the asset market approach reject the use of a wholesale
price index since it gives an excessive weight to traded
goods. They claim that even when traded goods prices
have been equalized by commodity arbitrage, the exchange
rate will still be in disequilibrium because it coordinates
purchasing powers of monies in terms of the broad
definition of price levels.

According to Kravis and Lipsey (1978), there
are three measures appropriate for comparing price level
changes The GDP implicit deflator, the wholesale price
index and the consumer price index. GDP deflators

are the best since they are a general measure
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of a country's price level. Wholesale priece indices
have been used extensively but they are biased towards
uniformity of price movements. They include a higher
proportion of tradeables than the implicit deflators.
They often overweight primary products and completely
omit highly differentiated products. Consumer price
indices are not subjected to these deficiencies, but
they provide partial measures of price level adjustments
because private consumption is usually only a proportion
of GDpP.

If emphasis is on money demand, as the
monetary approach would suggest, consumer price in-
dices should be used, especially when one is concerned
with households. But even the GDP implicit deflators
could be used since they have the advantage of taking at
least some account of the non-household holders of
money .

Regarding the choice among price indices
Thygesen (1978) presents four main candidates: indices
of export prices, wholesale prices, unit labour costs and
consumer prices. The export price indices would be
expected to bias the results very strongly in favour of
parallel price trends in various countries, when measured

with a common numeraire. Parallel export prices cannot
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constitute evidence in favour of P.P.P. but merely of
efficient arbitrage in international commodity markets,
i.e., the law of one price. At the statistical level, tnis
index is a unit-value rather than a genuine price index
and it leaves out completely prices of import-competing
goods. At the theoretical level, observation of the
law of one price conveys little information about equili-
brium in the long-run sense.

The defects of export price indices could be

avoided by using unit labour cost indices. Information on

P.P.P. as an equilibrium relationship would be more
consistent if one could combine data for hourly wages
and output per man-hour. However, there are both
statistical and theoretical problems with their use.
The quality of available statistics is suspect. Indirect
labour costs such as payroll taxes and unemployment
insurance are largely excluded. For some countries
unit labour cost data do not exist at all, while for
others they are not published nationally. At the
theoretical level, it would be desirable to have infor-
mation on total factor costs and productivity rather
on just the major factor of production.

Brillembourg (1977) attempts to give evidence
that a country with an overvalued currency will tend to

have a balance of payments deficit. He constructed a
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relative price index (RPI) that is used to judge the
relative overvaluation or undervaluation for 14
industrialized countries for the period 1963-74. His
paper considers the question of what is the best proxy
for RPI.

If the exchange rate is freely floating one
might be able to test for the appropriate RPI by
comparing it with the exchange rate which, by definition,
eguals the equilibrium rate. He performs this test on
its dual, which is the balance of payments. Using the
wholesale (WPI) and consumer price index (CPI), the

following four types of RPIs are constructed:

Domestic .CPI Domestic CPI Domestic WPI an Domestic WPI
Foreign CPI ' Foreign WPI' Foreign CPI Foreign WPI

The foreign price index is not the index of
only one country, but a weighted average of many countries'
price indices. He uses only two weighting schemes:
trade and income weights. Combining the two sets of
weights, with the four combinations of CPI and WPI, 8
RPI measures are constructed. These measures are related
to the balance of payments. He finds that the results
are sensitive to the measure of RPI.

Brillembourg's constructions of RPIs has to /
do with the notion of effective exchange rate. Officer
(1976) suggests that the selection of a standard country

requires reexamination. If a unique standard country is
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to be used in the computation of P.P.P. for a broad

group of countries, then the usual choice of the U.S.
seems justified. For individual country analysis,
however, the optimal standard country would be the one
with which the former country's trade and payments links
are the strongest. This reasoning suggests that the
concept of effective exchange rate be applied to P.P.P.
Thus, the standard currency is replaced by an appropriate
weighted average of the currencies of the country's

main partners in trade and payments.

Rhomberg (1976) examines considerations relevant
to the construction of effective exchange rates and
compares effective exchange rates constructed by various
organizations for various countries. Effective rates
have been constructed by the US Treasury, the US
Federal Reserve, the IMF (multilateral exchange rate
model, or MERM), the UK Treasury and the OECD. The
most comprehensive indices are those of the IMF which cover
21 countries. The proper choice of weights for an
index of the effective exchange rate depends on its
purpose. The use of trade weighted indices 1s especially
inappropriate for primary producing countries. For such
countries a separate methodology is developed by
Belanger (1976). The Fund's MERM is extended to primary

producing countries. As primary commodities are relatively
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homogeneous, income weighted indices are more reliable
indicators of the effect of exchange rates on export
receipts, for the primary producing countries. Trade
welghted indices are more appropriate for industrial
countries that have exports which are more differentiated,
and hence less substitutable for similar products of a
different origin.

Officer (1980) tests the predictive power of
the theory over long time periods spanning the pre-world
War I gold standard to the managed float regime of the
1970s. The GDP deflator as the price measure and the
effective exchange rate concept are usedb. The
predictive power of the P.P.P. nypothesis rather than
its fundamental assumption that monetary changes dominate
real wages in the domestic and foreign economies between

the base and the current periods is tested. In the base

In view of non-uniform availability of GDP deflators
among countries over time, several base periods and

associated country samples are used. All samples
share the same current period (1975) and intervening
period (1966). Intervening periods are similar to

the current period in the sense that effective
exchange rates and relative prices are computed and
compared, thus testing P.P.P. theory. 1In order to
maximize country coverage given data availability,
three alternative base periods are selected: 1879, 1905
and 1913.
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period exchange rate and relative price are equal. A
comparative static test of the theory is devised by
comparing how far from the ideal condition of the base
period are P.P.P. computations. The main findings are
that in multilateral computations, the average forecast
error of the theory is in the order of 5-10 per cent
for 1966, as the terminating period, and 15-25 percent

for 1976 in that role. Considering bilateral computations

and a longer time span (over a century) the average
forecast error is in the order of 10 per cent and 1-4
per cent for the 1966 and 1975 periods, respectively.
Officer accepted the hypothesis that deviations from
P.P.P. follow a normal distribution. These deviations
could be explained in terms of structural changes in
the economies.

The choice between bilateral and effective
exchange rates in econometric tests of P.P.P. can
affect the results. 1In the Optimum Currency Area
(OPTICA) report, for instance, "conformity to P.P.P. isg
considerably closer multilaterally than bilaterally."

(Thygesen, 1978, p. 306).
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2.3.2 POLICY CONSIDERATIONS

The diversity of topics covered in the liter-
ature of P.P.P. indicates the central role of P.P.P. in
relation to exchange rate problems. They share the
common focus @f exchange rates and relative prices on
their role in the macroeconomic adjustment process. The
papers discussed 1n this section will make clear that P.P.P.
has moved from a narrow assertion about the behaviour of
prices and exchange rates, to policy oriented guestions
of intervention strategies and formation of currency
blocks.

Dornbusch (1976a) develops three views for
the determination of exchange rates and their inter-
action with macroeconomic equilibrium and aggregate
policies. First, a long-run view characterizes exchange

rate determination in terms of monetary and real factors

which concern relative price structures. Second, there

is a "liquidity" or short—run view which emphasizes the
role of asset market equilibrium and expectations. Third,
there 1s a policy view which indicates that in the short
run nominal disturbances will tend to be transmitted
internationally. This latter view analyzes the effective-

ness of aggregate policies. A critical ingredient of the
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Dornbusch approach is the P.P.P. theory 1n the narrow sense

of goods arbitrage for traded goods. He showed that a
flexible rate system is expected to exhibit a lack of
homogeneity in the short run. If prices are sticky,
monetary changes as much as foreign price disturbances
will be transmittea internationally and will destroy the
insulating properties of a flexible rate system.

P.P.P. is relevant under both fixed and flexible
rates. This is the message in Genberg's paper (1978),
which attempted to compare P.P.P. calculations under both
regimes. P.P.P. in this context is used as an explanation
of both the international transmission of inflation and
of movements in a freely floating exchange rate. He
concludes that P.P.P. is mainly a long-run phenomenon.
In the short run the deviations are smaller and less
prolonged under a fixed exchange rate regime.

Two papers presented at the conference on P.P.P.
in Athens (13977) are concerned with the role of P.P.P.
as a policy guide within the E.E.C. The paper presented
by Thygesen (1978) 1s a summary of the so-called OPTICA
report sponsored by the Commission of the European
Communities. It is arqgued that changes in the exchange

rates of the European Cowmunity member currencies during
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the period between the early 1960s and the mid-1970s
predominantly reflect inflation differentials. In
reviewing observed exchange rate developments, the
characterization given by Krugman and Dornbusch (1976),
that P.P.P. is the focal point of any longer run analysis of
the exchange rate, 1s confirmed. The results are extremely
good when wnholesale price inaices are used to express
national inflation rates and P.P.P. is measured in terns

of effective exchange rates. These results justify a
P.P.P.-based 1ntervention rule as the main criterion for
managing the individually or jointly floating European
currencies. What the OPTICA report claims is that a

P.P.P. rule for adjusting effective rates for European
currencies is sufficiently close to a long-run equilibrium
to prevent major distortionsand is also useful in prevent-
ing a repetition of the sudden movements of the actual
exchange rates in the mi1d-1970s.

The paper presented py Vaubel (1973) stresscs
the role of P.P.P. in the context of optimum currency
areas. An operational criterion of the desirability
of currency unification 1s the deviation from relative
P.P.P. The criterion is applied to the European Community
in 1959-76 and in various subperiods, and the CPI 1s
used. It is shown that the community is a less aesirable

currency area than otner comparable existing currency
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unions, like the US and Germany . It 1s possible, however,
using P.P.P. as a guide, to identify the member countries
which are the most suitable candidates for currency

unification.

Until Neihans' (1960) "Dynamic Purchasing
Power as a Monetary Rule," the P.P.P. literature used
the assumption that the only instrument of monetary
policy is the buying and selling of foreign exchange
agalnst domestic money. Thus, only the money supply
could be varied, and the OPTICA report follows this
tradition. But Niehans suggests that "this may be
unsatisfactory and that the real problem is the appro-
priate combination of different policy instruments."

(p. 228 )

His main contribution is that he introduces the
ratio between foreign exchange reserves and domestic
securities in the central bank, as another policy instru-

ment. If this ratio 1s positive.the central bank can

increase 1its foreign exchange holdings at the expense
of the domestic portfolio, without changing the money
supply. The objective, therefore, of a P.P.P.-rule can

be attained not by controlling the money supply, but by

changing the composition of a constant monetary base.

But shifts between foreign and domestic securities are not
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sufficient to neutralize foreign disturbances. Thus, the
problem remains. The satisfactory insulation of the
domestic economy against foreign disturbances requires
not only variations in the money supply through foreign
exchange purchases but a more complex policy. Thus, he
concludes we have returned to the familiar Mundell-Fleming
problem of selecting the appropriate combination of
different policy instruments.
P.P.P. as a feasible policy has been used in an
extension of a medium term simulation of the Link
system (1980-1990) presented in the 1980 uWobel Lecture7
In that lecture a particular simplifying assumption was
to treat the exchange rates as exogenous variables and
fixed at their 1981 values for the remainder of the decade.
L.R. Klein, S. Fardoust and V. Filatov (19%1l) realized
that this assumption is lnappropriate for a simulation
study aiming at investigating equilibrium properties
of a system. The original simulation model 1is
modified by introducing the principle of P.P.P. for
treating exchange rates as endogenous variables.
P.P.P. 1s used in this context to give

answers to two questions: first, if it performs

Klein (1980).
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equilibrating functions, and second, 1f the doctrine

of P.P.P. 1s interestling in 1ts own right as a rule for
determining exchange rates 1n an international model.
The results indicate that P.P.P. does not do wonders
for the world economy but that it does constitute a
convergent dynamic process. Furthermore, it can be
usea successfully to hold down inflation in the Euro-
Link OECD countries that appreciate thelr currencies
relative to the dollar. The encogeneity of the exchange
rate 1n the medium-term projection does not provide
firm ground for estimating year by year exchange rate
movements. It gives, however, a basis for using P.P.P.
as a feasible process that does not upset the stability
of the solution in the context of a world model. It 1is

applicable in examining long-run exchange rate movements.

p—

The usefulness of P.P.P. as a policy gulde |
1s recognized in Frenkel (19bla), though his empirical

findings do not support the theory. The differential

speed ot adjustment between commodity and asset
prices was the most important reason for explaining
deviations from P.P.P. during the 1970s. Given the

deviations from P.P.P., Frenkel questions what is

left for policy purposes. He concludes that as a
policy instrument it provides a guide useful for the

general trend of exchange rates, particularly when the
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origins underlying the trend are monetary. In the
context of macroeconomic policy it 1s an important
reminder that policies affecting the trend of domestic
relative to foreign prices affect the exchange rate 1n
a similar way.

Niehans (1981) goes a step further and shows
that even in the case of purely monetary disturbances,
there 1s no reason for the equilibrium exchange rate to
correspond to P.P.P.,as long as P.P.P. 1s not corrected

for the bias due to the particular type of monetary policy.

He proves that the creation of money through purchases

of foreign exchange results in an over-valuation of

the currency relative to P.P.P., while an increase in
domestic debt at a given money supply results in an under-
valuation. These results apply to full equilibrium. Only
if the increase in debts as a percentage of total domestic
assets of the private sector equals the percentage increase

in money supply will the exchange rate correspond

to P.P.¥. In this case the foreign exchange component
of the central bank's assets will increase in the same
proportion to the domestic component via the increase of

the exchange rate.
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2.3.3 DYNAMICS AND LAG STRUCTURE

A test for P.P.P. is to calculate a time series
of relative P.P.P. during a period when the exchange rate
is floating and then compare it with the corresponding
time serics of the actual floating rate. This procedure
was very common in the early tests of P.P.P. theory when
floating exchange rate regimes were examined. However,
recent studies recognize that there is no need for the
relationship to be simultaneous. Allowance for lags is
consistent with the theory and improves 1ts explanatory
power, 1f the lags are distributed over time. Despite
the extensive research that followed Cassel's original
formulation, dynamic considerations were explicitly
considered only in the 1970s.

In 1973, Thomas examined an adaptive expectations
model that relates expected to actual P.P.P. He presents
the following model:

E
ht~ abP, + th

p

t
E E _ _ E
t Peo1= b(Py Pt—l)
E ]
P and P stand for the current and expected

P.P.P. (ratio of domestic to foreign WPIs) respectively,

and the subscript t-1 denotes a one month lag. The
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current P.P.P. determines the trade balance but the
expected P.P.P. represents speculative capital flows.
Eleven countries and monthly data for the period 1920-24
are considered. The estimated b came close to zero,
indicating a low elasticity of expectations, which is a
favourable result for the validity of P.P.P.

Two years later, Hodgson and Phelps (1975)
offered evidence on the short-run characteristics of
P.P.P. The usual P.P.P. testing in a static form 1is

performed according to the following equation:

Pt stands for the ratio of the domestic to foreign

price level at time t. a, 1s expected to be positive.

1
P.P.P. will be wvalid if a; is close to unity and the
constant term close to zero. A long time is required
for forces of adjustment to verify the equation, and the

authors take into account that the relation between P.P.P.

and the exchange rate is distributed over time. To

introduce distributed-lag effects, Hodgson and Phelps
employea the following variants of the Rational

Distributed-Lag model:
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Both nodels are fitted to 14
floating rates in the period

movements in P.P.P.

countries that had used

1919-1925. In both nowuels

explain more than 90 per cent of

the movements 1n exchange rates and the average lag

is less than six months

In early studies of P.P.P.

between short run and long run was mnade.

emphasizes this daistinction.

P.P.P. relatiohship.

The long-run excnange rate

for the majority of the countries.

theory no distinction
Frenkel (19Y7%)

He assumes a long-run

(E*)

is treated as a function of relative prices:

*
in E =

A short-run partial

a + b n L’t/FP

t

adjustment process by

which the percentage rate of change of the exchange rate

1s proportional to the loyarithm of tne ratio of the

long-run value to the actual exchange rate is then

considered:

0 .
n Et

*
- &n Et—l = y(in ht -~ ¢n E

t-l>
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Combining the two equations and adding an

error term, Frenkel estimates the eguation:

in B = ay + by Zn(Pt/FPt) + (1l-vy)4&n Et_l +oug
The long-run elasticity b turns out to be close to
unity. The short-run elasticities vary across the
exchange rates with the choice of price indices,
implying that the speeds of adjustment differ among
various price indices.

Transmission lags are guite important. Genberg
(1978) suggests that, even in the case of monetary or
neutral disturbances, the long run equilibrium real
exchange rate might deviate from P.P.P. if the balance
of payments is affected by monetary policy rather fast,
while the price level is subjected to longer lags.
Alternatively, the long-run equilibrium real exchange
rate might be close to P.P.P. even in the case of real
shocks if these are quickly transmitted across countries
and affect the economies symmetrically.

The important issue is not whether P.P.P.
holds, but the speed with which it works. The
transmission of monetary disturbances between countries

is the fastest, taking one to two quarters. The
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arbitrage mechanism is much slower: empirical evidence
suggests that it may take a year. Short-run variations
in exchange rates under a floating exchange rate regime
do not get offset by movements in relative price levels.
However, P.P.P. is a long-run phenomenon. If a simple
adjustment for structural changes is allowed, actual
rates will come closer to P.P.P. values. Therefore,
Genberg ccncludes, more detailed time series evidence
on P.P.P. may be helpful in determining exchange rate
levels in the short run, by pointing to empirical
regularities which have to be explained by theory.
Niehans (1980) also considers P.P.P. in a
dynamic framework. He is concerned with deviations from
P.P.P. that may appear auring the adjustment process.
A temporary overshooting of the exchange rate relative to
P.P.P. will have serious consequences for the economies

concerned. He writes:

"After laying dormant for half a century
(overshooting was already observed by
Cassel), this insight has recently been
revived. Model building has finally caught
up with intuition. This may fairly be
regarded as the most important, if still
limited contribution of recent economic
theory to the understanding of floating
exchange rates." (p. 215)

Niehans assumes that prices satisfy the
guantity theory but with a lag. Money supply, in his

model, reaches its full effect on prices only after
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three periods and the initial effect may be negligible.

For the home country this is expressed by:

P = am + a/m + a.m (2.6)

where P and m are the percentage change of the price
level and of the money supply, respectively.

The following conditions are imposed:

Time t 1is measured in units of about four to eight

months.

A similar equation can be written for the
foreign country (as indicated by bars over the

variables) :

In the long run the exchange rate 1s propor-
tional to the ratio of the two money supplies, but the
adjustment takes time. Thus, the percentage change in

the exchange rate can be written as:
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The time profile of a's and b's is quite
different. While a, and perhaps a, are expected to be
close to zero, the exchange rate will first overshoot
its new equilibrium value and then approach the latter

faster than prices. This characteristic imposes the

following restrictions:

bO + bl + b2 =1, b, > 1, bl < 0, and b2 small.

The term € T fi captures the effect of expectations

about the future trend of money supply. The expectational
effect reinforces the overshooting produced by m.

According to the P.P.P. rule the domestic rate

of monetary expansion will be Po - Pt - Et = 0. Given
this condition, Niehans solves equations (2.6), (2.7),
and (2.6) for the regquired rate of monetary expansion

in terms of past domestic expansion rates, past and

present foreign expansion rates, and changes in

expectations:
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Once tne path of domestic money supply 1s known, (2.6)
and (2.8) can be used to calculate the paths of prices

and exchange rates.

Dornbusch's article (1976b) is now considered
a classic in the area of exchange rate dynamics. The
importance of it is reinforced by the observed large
fluctuations in exchange rates. Two assumptions are
basically used to explain the volatility of the exchange
rates. The first is that the goods market adjusts rela-
tively more slowly than the asset market, and the second
is that an initial overshooting occurs as a result of
the differential speea of the two markets. In addition,
perfect capital mobility and consistent expectations are
assumed.

A formal expression for the short-run effect
of a monetary expansion on the spot rate is obtained by
the money market equation and confirms that in the short
run the exchange rate will overshoot. Dornbusch extends
the model to replace the assumption of consistent with
rational expectations and the assumption of fixed with

variable output.
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The Dornbusch model has been tested by Bilson
(1978) , who provides suggestive evidence about the
appropriateness of this model for the Deutsch Mark/pound
rate. The relative rate of inflation is related to the

deviation from P.P.P.

= - b +
Dp, 0.020 (Et_l Vt—l> + .291 DP,_j u
R2 (adj) = .2109; SE = .0067; D.W. = 2.046
where D denotes the difference operator and p = «n P/FP.

The estimates support the view that prices gradually
adjust to exchange rates. It takes 12 months to
complete one quarter of the necessary adjustment of
prices to an exchange rate change and 27 months to
complete one half of the adjustment. Bilson then
compared his model with an equilibrium rational expecta-
tions version of the monetary approach. His results
are in favour of the Dornbsuch model.

Frankel (1979) also extends the Dornbsuch
model by incorporating secular inflation rates and tests
it against the actual movements of the Deutsch Mark/
dollar rate. The model is in accordance with the
assumption of sticky prices in goods markets which
creates a difference between short-run and long-run
effects. The domestic economy is assumed highly liquid

when the nominal interest rate is low relative to the
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expected inflation rate. A capital inflow causes the
exchange rate to depreciate until there are sufficient
expectations of future appreciation to offset the low
interest rate. The overshooting of the exchange rate
will be proportional to the real interest differential.

The P.P.P. as an a priori constraint on the
reduced form parameters is tested by Driskill (1981).
Dornbsuch's model is tested with Swiss-U.S. data for
the period 1973-79. Driskill finds that following a
monetary shock there is short-run exchange rate over-
shooting by a factor of about two, and that subsequent
exchange rate adjustments to a new long-run equilibrium
take longer than two years and exhibit nonmonotonic
patterns. His results satisfy P.P.P. as an a priori
constraint on the reduced form parameters, but other a
priori constraints embedded in Dornbusch's model are
rejected. There is, however, empirical verification of
the overshooting hypothesis as used by Dornbusch.

Attempts by Dornbusch (1980) and Frankel (1982)
to use the monetary approach to explain movements in the
mark/dollar exchange rate after February 1978, however,
have been unsuccessful, showing insignificant coefficients
and a reverse sign on the relative money supply coefficient.
Frankel (1983), interprets that as an evidence of the

collapse of the explanatory power of the monetary model.
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In a recent paper Papell (1983) develops a model
based on Dornbusch (1976b) but incorporating the assump-
tion that money supply is endogenous. He considers the
effect of an activist monetary policy on the exchange
rate overshooting. His main theoretical result is that
accommodative monetary policy (with respect to prices)
can cause the economy to switch from exchange rate
overshooting to undershooting.

The only two-country model from the
theoretical point of view is the extension of the
Dornbusch model by Bhandari (1981). He shows that the
result of overshooting is not a necessary feature of
the asset approach to exchange rate determination
because of the endogeneity of the rest of the world
variables. We proceed in the following chapters with
an extension of the Dornbusch model to a two-country
world. Our model is different than Bhandari's because
it is a variable output model. On the empirical side
there is no other paper that deals with P.P.P. in a

two-country world.

2.4 CONCLUSIONS

Recent trends in the literature were

classified under three headings: index number problems
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and the evolution of the effective exchange rate
literature; policy considerations; and the dynamic
formulations of P.P.P. theory.

The problem of the choice of the appropriate

price index is apparent. Emphasis has shifted to the

use of effective exchange rates for multilateral
comparisons. P.P.P. has been used to address policy
considerations in a national and international context.
Despite the many limitations of the theory it is
extensively used as a policy guide in the recent
literature.

The dynamic formulation of the theory is a
very recent phenomenon. Various lag structureshave been
used. There is mixed evidence concerning the time
required for convergence to the long-run exchange rate.

Dornbusch's article (1976b) falls in the
category of dynamic P.P.P. studies. It is one of the
first to attempt theoretically to explain deviations
from P.P.P. during the 1970s, using the slow adjustment
of prices relative to exchange rates. This is in
accordance with the monetary approach to the balance of
payments which accepts the differential adjustment
speeds with which markets clear. The overshooting of

the exchange rate has significant consequences for the
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theory.

Some empirical tests seem to be in
accordance with the Dornbusch model. However,
these tests give only limited support to the model.
An extension of it that will bring it closer to
P.P.P. theory and time series testing for many
countries should follow. Wider empirical application
will give a firmer ground for acceptance or rejection

of the theory.



CHAPTER 3

THE THEORETICAL FRAMEWORK

3.1 INTRODUCTION

The aim of this chapter is to present the
theoretical framework within which subsequent empirical
results will be derived. First, some of the basic
assumptions are outlined and the notion of overshooting
is ailscussed. Further assumptions are then introducea
as we proceed with the specification of the model wnich
is given in the third section of the chapter. Finally,
the reduced form of the model is given, in discrete and
stochastic form. P.P.P. is derived as an a priori

constraint on the reduced form parameters.

3.2 Thik NOTION OF OVERSHOOTING

It 1s by now well establisnea that exchange
rates exhibit greater fluctuations than relative prices.
During the 1970s real exchange rate variability, or
deviations from purchasing power parity, characterized

most economies. Tue overshooting nypothesis, as

H\
~J
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exemplified by Dornbusch (1976b), was an attempt to
explain this pattern of variability.

The model presented here is an extension of
Dornbusch. The objective is to test whether purchasing
power parity holds in the long run despite the wide
fluctuations of the exchange rates in most major coun-
tries.

An assumption that is universally employed
by the authors who have attempted to test the Dornbusch
model is the “small country" assumptionl. Under this
assumption the country is small in the goods import
markets and in the securities market. Consegquently, the
world price of importables and the world yields on inter-
national securities are considered given. On the other
hand, a large open economy can affect the world variables
and hence, the world price of importables and the world
yvield on international securities are considered endo-
genous. The large country framework is more appropriate
for describing trade between countries of equal economic
size, such as many of the European countries.

Existing models tend to give too much emphasis

L On the theoretical level, the only two-country

model that is within the "asset-market view of
exchange rate determination" is that of Bhandari
(1981). On the empirical level there is no work
based on a two-country mnodel.
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to money supply disturbances neglecting shifts in

money demand, fiscal and demand disturbances winich,

of course, are as important as money supply changes.

The neglect of demand and fiscal variables in empirical
work is, in fact, guite universal. An attempt is made
here to include some fiscal variables (e.g., government
spending) as determinants of the endogenous variables.
Output also varies in this model, affecting money demand,
whereas in other models only the fixed output version
has been testeaq.

Tne assumption of perfect capital mobility is
maintained to make things comparable to the rest of the
literature. Dornbusch's extended variable output model
is tested. An expected inflation term is also added.
The main idea is that if there is an exogenous shock (an
unanticipated increase in domestic money supply) at time
t, the exchange rate will depreciate initially, but
during the adjustment process it will appreciate mono-
tonically until it reaches the new equilibrium value at
time t + 1. In the same period the domestic price level
will increase gradually, since the goods markets adjust
more slowly than the money markets, until it reaches

the new equilibrium value. At time t + 1, P.P.P. holds.
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Domestic and foreign interest rates are allowed to be
different in the short run, though perfect capital
mobility has been assumed. The older macroeconomic
literature ignored the continuous transitional movement
in the exchange rate that allows temporary interest
differentials to develop and was implicitly confined

to describing the new equilibrium at the end of the
period when the domestic and foreigyn interest rates are
again egual.

The deviation of the spot exchange rate from
the long-run P.P.P. rate during the adjustment process
is reflected in the interest rate differential, as
determined by interest rate parity.

Even if individual agents cannot observe what
money supply changes have occurred or will occur, they
can see derivative movements in interest rates and
exchange rates. Thus, it does not seem farfetcned to
model their behaviour as if they focused their expecta-
tions with greater or lesser confidence on what the
future money supply will be, with known consequences
for the interest and exchange rate. In other words,
private expectations are rational in focusing on the
supply of (or demand for) domestic money that really
does drive nominal interest and exchange rates in the

short run.



51

If the increase of the exchange rate is
greater than the initial increase of money supply,
then overshooting has occurrxed. Overshooting occurs
in the sense that the immediate effect of a monetary
expansion on the exchange rate is greater than the
ultimate effect. Overshooting, however, is not
necessary as long as real income 1is allowed to vary when
it is different from full employment income. This
result differs from Driskill (1981) and Lafrance and
Racette (1982), who have tested the fixed income version
of the Dornbsuch model. They allow aggregate demand to
be different from real income, which is assumed fixed.
For our purposes, aggregate demand equals real income
but real income is different from full employment income.
The new possibility arises because, in the short run, an
income expansion raises money demand and may do so

sufficiently to actually increase interest rates.

3.3 SPECIFICATION OF THE MODEL

Assume two countries, A and B. Each produces
a single final commodity. All considerations of inter-
rediate products, capital formation and the labour

market are deliberately suppressed. The model contains
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a description of the commodity and money markets in
each country and the specification of covered interest
arbitrage. 7The bond market is omitted in consequence of
Walras' Law. The money markets clear first but the
goods markets adjust slowly and the prices respond over
time to continuing disequilibrium in the goods markets.
Other simplifying assumptions will be introduced in the
process of analysis.

The domestic economy, A, produces a single
homogeneous good, and has real aggregate demand AD.
Product market equilibrium in which real domestic demand

-

equals real output (YA) for country A can be written as
, i A

Y =AD = C + 1 + G + X - IM - —/—

(3.1)

Total consumption depends on real disposable

income.

cC = C(Y); C > 0 (3.1a)

The superscripts A and B refer to countries A and B.
In all cases A corresponds to the domestic and B
to the foreign country.
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where C A stands for the first derivative of C with
Y

respect to YA. For simplicity, and following the
practice elsewhere in the literature, the relations
between disposable and real income and between
disposable income and taxes are assumed constant over
the sample period.

Investment is a function of real income and

the real interest rate, pA

2o 1w® B, 1. -0, I . <0 (3.1b)

Government expenditure, G, can be thought of
as an exogenous policy variable.

Finally, the term XA - IMA'EPB/PA is the
difference between exports from and imports into country
A,and is a function of real domestic and foreign income
and the terms of trade. Foreign income enters the
domestic equation because we are concerned with a

large country model. Thus,

X" - IM — = X(Y, Y, T); (3.1c)
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where T = EPB/PA stands for the terms of trade. The
exchange rate, E, is measured as the domestic currency
price of foreign exchange and pB  ana PA stand for the
foreign and domestic prices, respectively.

Now, equation (3.1l) can be written as

It is assumed that the terms of trade, domestic income

3

and foreign income affect aggregate demand positively ~,

while the real interest rate affects it negatively.

The same analysis applies for country B:

vBovP 0By 6B (3.3

Given that the income-adjustment mechanism 1s stable

(see footnote 3), one can solve (3.2) for YA and

The terms of trade and the foreign income affect
domestic_aggregate demand positively. However,
though vA affects aggregate demand positively through
consumption and negatively through imports, it is

assumed its ultimate effect on AD is positive. This
is the usual macroeconomic assumption because of the
stability of the income-adjustment mechanism. Though

this stability condition is easily obtained for a small
country model, it is more complicated for a two-country
model. Details for the stability conditions of the
income-adjustment mechanism in a two-country framework
are given in Appendix 3A.
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(3.3) for Y  and get

B oo BERD BBy A (3.4a)
1
P
B B PA A B B
vo o= v , Y, o) + G (3.4b)
1B

In what follows, the log-linear functional
form is used. With the exception of interest rates,
all variables are expressed in natural logarithms.
This has tne advantage of allowing straightforward
linearization of equations (3.4a) and (3.4b). The
model is written in discrete stochastic form. Lower
case letters stand for logarithms of variables except
for the interest rate variables and the subscript t
indicates time.

Equations (3.4a) and (3.4b) are written as:

_ B _ A, _ A ' B
Ye = by tbyleg +pp = p) - byog + by
A
+ 9y + Wy (3.5a)
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(3.5Db)

where w and w reflect stochastic shifts in aggregate
demands. They are assumed to be independent, serially
uncorrelated random shocks with zero means and constant
(finite) variances.

All coefficients are assumed positive. The
coefficients bO and bé are autonomous components of
expenditures in the two countries. The fraction

expended by the domestic country on foreign goods 1is

]
b3, and b3 is the analogous fraction for the foreign

3

in the two countries apply to the home goods of their

country. The fractions b3 and b, of aggregate demand
trading partners.,

Next, eguation (3.5b) is substituted into
(3.5a), and (3.5a) into (3.5b). The resulting equations

are:

A B
+ a,9; + acgg + a,w, + a_w (3.6a)
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Bou o'y a P o B ey -oalBo A
Ve 0 1P T P £ 2%t 3P ¢
L] B 1 A 1 ' ]
N .6b
+ a9, agg, *oagw, taw, (3.6b)

in terms of the structural coefflicients of (3.5a)
and (3.5b), the reduced form coefficients of (3.6a)

and (3.6b) are given by

+ —
_ byt bsby _ by = bsby - b,
“ T 7 A © 9 7
L - bbby L = bbby 1 ~ b.b
3°3
_ bsby ~ L by
a3 - 14 a4 - 1 ’ aS - 1
1 - b.b 1-b3b, 1-b3by
3°3
b
_ 1 _ 3
a6 = ' ’ a_/, = :
1-bb, 1-bb
. by + bby . by = byb , b,
a = ’ a = — ’ a =
’ ! ! ! 2 1-b.b
1-b.b 1 - b, 3
' b3b2 . 1 , b3
a3 B ! ! a4 - v a5 =
1-b.b), 1-b,b} 1-b,b .
, . b
1 _ 3
a6 = , a7 =
1-b.b
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Since b3 and b3 are fractions, l—b3b3 > 0.

Also, bl - bBbl and bl - b3bl will each be positive if
! bl 1
b3 < <S5 In what follows it 1s assumed that this
! 3
bl
1s the case4. Given that b3 and b3 are less than unity,

the following relations hold:

The interpretation of the cross-equation
inequalities is that the variables of country A have a
greater impact on the domestic aggregate demand (YA)
than they have on the foreign aggregate demand (YB).
The inequalities between parameters of the sane

equation imply that domestic fiscal policy has a greater

impact than foreign fiscal policy.

These restrictions will be satisfied if bl and bl
are of similar magnitude.
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Equations (3.6a) and (3.6b) emphasize the
effects of monetary or fiscal policies conducted in any
one country. If there is an increase in either domestic
or foreign government spending, aggregate demand will
increase, although the effect of increased foreign
Spending must operate via increased foreign i1mports.

At a given level of prices, if there is an increase
in the domestic nominal money supply, the domestic
interest rate decreases and hence aggregate demand
increases. Part of the increase of aggregate demand
falls on the foreign good via increased home imports.
The secondary or feedback responses are fractions of

the initial responses.

The impact of the relative price term (e +
pB - pA is the logarithm of the relative home currency
price of foreign goods) 1is ambiguous. If the relative
price increases there will be a diversion of home
demand toward home goods. As the domestic aggregate

demand lncreases, yB will be stimulated via increased

imports. At the same time, foreign demand will be
switched towards home goods as well. Therefore, home
exports will be stimulated which implies an increase

. . B }
1n yA and a decrease in y . However, the standard
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assumption will be made that the net effect of an
increase 1in e + pA - pB is to stimulate home demand
and depress foreign demand.

The money markets in each country are in
continuous equilibrium. The nominal money supplies
(mA and mB are the logarithms of nominal money supplies)
consists of domestic and forelign exchange components.
The domestic components are controlled by the central
authorities, while the exchange rate adjusts to hold
the foreign exchange components constant. The nominal
money supplies can therefore be treated as exogenous

variables, while the real money demands depend cn the

. . A . B .
nominal i1nterest rates (r and r ) and real incomes.

The government budget constraint can be ignored
since the open market bond sales, which finance the
portion of the deficit not covered by money creation,
have no repercussions elsewhere in the model. Wealth
accumulation that occurs through trade surpluses and
wealth effects on the money demand or consumption demand
are not considered. The omission of wealth effects can
also be partially justified by the short-run nature of
the analysis.

Equations (3.7a) and (3.7b) give the conditions
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for monetary equilibrium in each country

A A A A
_ = - S 3.7a
W, PIy Cy t CYy c, ¥y U, ( )
mB - PIB = c' + C'yB - cI rB + u‘ (3.7b)
t t 0] 17t 2 7t 2t

This formulation assumes that currency
substitution does not occur. If it did, yB would
affect the domestic money market and yA the foreign.
The actual rather than the expected price index of
domestic goods appears in the equations (3.7) since

all agents know their own money income.

The stochastic terms u2t and u2t have

properties similar to those of the w's. Notice,

however, that U,y (the stochastic error in the money

market equation) can be correlated with W (the

stochastic error in the goods market equation).

] 1
(Similarly, u,, can be correlated with wt). The reason

is the following: The demand for real money balances,

5 . . ) . e -
Equation (3.7a) is the log-linear form of t/ PIt =
C
A, 71 A
CO(Yt) exp(—czrt)
A A A A A _
where m, Ln Mt’ Yy ¢n Yt’ < Zn CO’ ¢

* * .
in PI? and Pli is the price index of country A.

A similar equation holds for country B.
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real output and real bonds are constraint by the overall
budget constraint in the economy. This constraint implies
that the error terms in these three marketssatisfy the

S . + + _ X
adding-up constraint Ug ¢ Usp W 0, where Uy, 1S the

error term in the bond market which has been eliminated

via Walras' law. Given this adding-up constraint, 1t 1is

frequently argued that U,y and W will be negatively

correlated since a stochastic increase in the demand for

output is likely to be met in part by a decrease in the

demand for real balances. But if Uy 1s sufficiently
strongly negatively correlated with both Uy and W, it
is possible for u and w, to be positively correlated.

2t t

Such a positive correlation may result from the
transactions role of money. If, for some reason, the
demand for goods increases, it will generate additional
transactions, which may cause a shift away from bonds
into both goods and money. A similar adding-up constraint
holds for country B.

PIA and PIB stand for the (loy) price indices
in the home and foreign country, respectively. They
are assumed to be multiplicative weighted averages of
the price of domestic and foreign goods in each country.
Therefore, real balances 1in (3.7a) and (3.7b) express

purchasing power over two goods, which is the essence of
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the open economy framework. The fixed weight price index
is,1in fact, the true cost of living index, if the consumer's
underlying utility functions are of the Cobb-Douglas type
(Samuelson and Swamy, 1974, pp. 566-593). The weights (b3

and b3) are the fractions of expenditures associatea with the

two goods 1n each country and thus characterize the degree

of openness. tlence,
A _ A B
PIT = (1-b,y)p, + bylp. + e.) (3.8a)
B _ . ' B Y-S
PIt = (1 b3)pt + b3(pt et) (3.8b)

The aggregate demand for goods is a function
0f the real interest rate while the demand for money is
a function of the nominal interest rate. The two rates
are related in a Fisherian way by the following relations,

one for each country:

A A A A
= - - PI (3.9a)
e = Ty T (B PL, ¢/
2o B e er® - piB) (3.9D)
"t t t e+l t
where Et is the conditional expectations operator

at time t.
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. i i ( .
The guantity EtPIt+l - PIt for 1 = A,B, is the

anticipated rate of inflation over the period (t, t+l),
held at time t. By the assumption of rational expecta-
tions, this equals the conditional expected rate of

6

inflation at time t .

The models characterizing the rational

expectations monetary literature, e.g., Sargent and
Wallace (1975), express the expected rate of inflation
as (Et—l PIt+l - Et-lPIt) rather than (EtPIt+l - PIt).

Our formulation assumes that the price level is known
at the time the consumption and investment decisions
embodied in the IS curve must be made. Consumption

demand is typically determined (in discrete time) in

relation to money demand. The money demand equations
(3.7a) and (3.7b) are based on the actual price. Thus,
our formulation has the advantage of treating the two
demand functions more symmetrically in this regpect i
Two central elements of the model are the pair
of equations describing the adjustment of domestic and
foreign prices. The following two equations allow for
short-run adjustment in output in response to changes in

aggregate demand:

Burton (1980) and Turnovsky (1980) give a similar
specification of the real interest rate.

Turnovsky (1980) has a good discussion on the choice
of the time subscript of the conditional expectations
operator.
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P - = -
erl ~ Fe T Ty TovE) Fug (3.10a)
B B _ ' B _ =B '
Py Py = 7 (yg - ¥ o+ Uy g (3.10b)
The stochastic disturbances u and u reflect

3,t+1 3,t+1
real disturbances on the supply side and are assumed
to satisfy properties analogous tc those of the other ternms.
Prices of the domestic good in each country
adjust according to the discrepancy between actual and
full employment,y 8. Eguations (3.10a) and (3.10b)

can be rationalized in the following way 9. These price

¢

An expectea inflation term could also be included as

an explanatory variapble in the determination of actual
inflation. For our purposes, however, the omission of
that does not change the results in any respect, but

it simplifies manipulations. An expected inflation
term as a shift variable makes (3.10a) ana (3.10b) into
equations representing expectations-augmented Phillips
curves.

Another rationalization can be given in terms of firms.
An elegant formulation along these lines has been workea
out by Bilson (1979, pp. 1-37, and especially footnote
16). The output term reflects adjustment of prices to
achieve the profit maximizing level of prouuction,y.

If aggregate demand, y, exceeds this level, firms will
increase production in the short run to meet the demand
and begin to raisetheir pricesmore rapidly in order to
re-establish their desiread operating level. One might
conclude that eqguations (3.10a) and (3.10b) are not very
appropriate for the level of an individual firm or price
setting unit. The average behaviour implied by these
eguations is more reasonable under a macroeconomic per-
spective, in which case there is no homogeneity across
firms. At any rate, the objective is not to develop a
model that is rich in realistic detail, but rather to
show how the price level can be determined by the dis-
crepancy between y, and §£-
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adjustment equations are "a combination of a relationship
between wage and price inflation, a relation between wage
inflation and unemployment as in a Phillips curve, and a
relation between unemployment and the departure from
potential output, y - y, as described by Okun's law".

(Dornbusch, 1976b, p. 1172)

Since there are no reliable estimates for
capacity output, y, covering the sample period and
the sample of countries used, domestic capacity out-
put is aefined as a function of a time trend (TIME)
representing changes in population, technology, and
capital stock and the price of energy relative to the

price of domestic output (Buiter, 1978).

TA _ A A,
yt = dO + dl TIME + dZ(OPt pt)+ Ze
(3.11a)
"B__' 1 , 1] B_B i
£ = dO + dl TIME + d2(OPt pt) + zt
(3.11b)

where OP 1s the logarithm of the price of energy and
1]
z and z are stochastic terms.
An increase in the price of energy relative

to the price of output raises firms' costs and, given



67

the exchange rate, firms redauce production. This

effect can be positive or negative, depending on the

economy's resource base. If a country 1s an oil
consumer the effect will be negative. If it is an
0il producer it will be positive. For a country that is

both an 0il producer and net importer the net effect

1s uncertain. Some preliminary estimates on the
assumption that capacity output is a function of a time
trend and of the price of energy relative to the price

of output are presented in Appendaix 4A of cnapter 4.

The final building block of the model is
a joint assumption of uncovered interest arbitrage and
exchange rate expectations. This final block stresses
one channel of mutual interdependence between the two
countries. It results from trade in securities.
Another channel results from trade in commodities and

1s represented by the equations (3.6) to (3.10).

Each country supplies bonds denominated in
its own currency in the world market. Since these

assets are assumed to be perfect substitutes on a
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"covered" basislo there is only one internationally
traded bond. Therefore, net yields on these two
assets must be equal.

The assumption of uncovered 1nterest
arbitrage results from the assumption of zero profits
accruing to covered interest arbitrage and a zero
risk premium between domestic and foreign assets.
Assuming rational expectations the uncovered arbitrage

conditionll 1s given by

A B .
= ¢ - +
rt rt + (Etet+l et) v2t (3.12)
where v. 1s a stochastic term tnat satisfies properties

Zt
analogous to those of the other error terms.

Exchange rate expectations are defined in
a way analogous to price expectations. According

to (3.12) the equilibrium exchange rate is known to

10 .
Our formulation also assumes that exchange rate

expectations held by domestic and foreign residents
are the same. This 1is consistent with perfect
substitution between domestic and foreign securities.
On the other hand, if domestic and foreign wealth
holders are sufficiently different to have divergent
exchange rate expectations, it seems that these
differences also render domestic and foreign securities
less than perfect substitutes. While the analysis

of systematically divergent expectations may be of
interest, it would lead to considerable complexity of
the model and will not be pursued.

1 Burton (1980) uses a similar arbitrage condition 1in

a small country model for the Canadian econony.
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market participants in each country and a fraction

of the gap between e and Etet+l 1s expected by

market participants in each country to be closed each
period. The period length is that over which interest
rates are defined in (3.12).

If the domestic currency 1is expected to
depreciate, domestic interest rates (denominated in
terms of domestic currency) will be higher than
foreign interest rates by the expected rate of
depreciation. Equation (3.12) represents the case

of perfect capital mobility. Capital flows will

ensure that (3.12) holds at all times.

3.4 THE MODEL IN REDUCED FORM

In this section, the reduced form of the
complete model is derived. The reduced form eguations
can be used to test for the phenomenon of overshooting
following a nominal or real disturbance and of the
proposition that P.P.P. holus 1in the long run via
the homogeneity restrictions, though the mcdel
captures also short-run effects. They are also

convenient because the structural equations contain
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expectation terms which can be handled relatively
simply 1n the reduced form egquations under the
assunmption of rational expectations.

Dornbusch has shown that while expectations
formation according to equations (3.9) and (3.12)
appears ad hoc, it is actually consistent with
perfect foresight. Given the model, the perfect
foresight path is the only expectational assumption
that 1s not arbitrary and does not involve persistent
prediction errors. The model is presented in stochastic
form since the perfect foresight path corresponds to
the deterministic equivalent of rational expectations.
Alternatively, rational expectations imply that the
expectation of an endogenous variable is its mathe-
matical expectation, given the model and the information
avallable when the expectation is formed.

One assumption that has been used extensively
in the literature of the "asset market approach to
exchange rate determination" is that the exogenous
variables follow a random walk. Though the above
assumption is not convenient for analyzing shocks due
to changes in the policy environment via changes in
policy reaction functions, and more complex feedback

rules have been suggested, it is adopted here so that



71

the model is consistent with the rest of the
literature. It makes all changes unanticipated and thus
makes the model correspond to the Dornbusch treatment.
This assumption is important because it
implies that the money supply of the current period
is also the expected supply for all future periods.
Appendix 4B of chapter 4 presents some tests of the
assumption of random walk which indicates that for the
majority of the exogencus variables the assumption is
satisfactory.
Next, the process of finding the reduced
form is described briefly. More details are given in
Appendix 3B. The money market eqguations are expressed
in terms of pi and pi, using the price indices
definitions (3.8a) and (3.8b), and then they are

solved with respect to the nominal interest rates:

] 1-b b b
B A RS RO
2 €2 € €2
c
1 A 1
+ =y - = m + = u (3.13a)
c2 t c2 t 02 2t
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rB = S_O_ + l—b3 B + }_3._. A -~ i% e
t - o Pe T Py ot
€2 2 €2 2
C
1 B 1 B 1 !
2 2 €2

The real interest rate equations (3.9a)

and (3.9b) are also expressed in terms of pi and pi.

Substitutions of the nominal interest rates into the
real and subsequent substitution of the real interest

rates into the goods market equations (3.6a) and (3.6b)

vield

A A B N .
yt = 60 + 6lpt + 52pt + u3et + o4mt

B A
toogm * 66gi * 579i T OgEL Py

B

; + +
FoogbiPry F S pBC iy Y S

+ 6w, F

0ot 13% 7 %14%¢

(3.14a)

...continued
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'A ' B ''A . ' B
\ + +
ToogMy F g T 09 F OBy

1 A ‘ ] T
+ ; +
TOgE Py T 0BG Y 0110y

T L] ' r

+ 612u2t + 6l3wt + 514wt (3.14b)

Expressions for §'s and all subsequent coefficients

are given in Appendix 3B. Notice here, however, that
+ & 4+ & + 5+ + 5 = 1 5.+ &
él \2 Sy 55 68 59 0 and that ol 02
T ] I ]
+ + + =
64 65 08 + 69 0

We solve equation (3.12) with respect to
the spot exchange rate and substitute equations

(3.13a), (3.13b), (3.14a), and (3.14b), into the

resulting equation. Thus,
e, = kO + klpi + kzpi + kBmi + k4m§
+ k5gi + k6g§ + k7Etpi+l + kBEtp§+l
* RgESy )+ kpgtpe TRy 0y
w4 ke b Ky

(3.15)
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Again,

kl + k2 + k3 + k4 + k7 + k8 = 0 {(3.15

Substitution of (3.15) into (3.l4a) and

(3.14b) yields

A A B a
Y T ¢ T o0gP T b Py

A B A B
o9y f 0T T 0B P T 0B P

to0gBRLay T dgUar T oW T o1y

oo aWe T ov1Voe (3.16a)
B ‘B ' A "B v A
Yo T ¢p T owgPy Foeob T oM g, my
' B ' A ' p " A
oy toegg OB Pt gBLPLy
] + " + by
FohgBiCiar Y VoMo T ot11u T oYy
(3.16b)

0w T 9 4Vor

The following restrictions hold:

-1)
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+ +

4, + 4,

°1

+¢)2+¢3+¢4+q§7+1p8

i

i

(3.16al)

(3.16bl)

The price equations can be derived from

equations (3.10a) and (3.10Db),
of full employment output (3.1la, 3.
(3.16a), and (3.1l6b).
A B
A iy A,p,. + a,p. +
= +
pt+l 0 17t 25t
A B
+ ASgt + X6gt + \7E
+ 2 E e + A, O A
9°t%t+1 10°Pe
+ kl3u2t + Al4wt +
+
+ Al7zt Al8u3,t+l
B o ' B ' A
pt+l = AO + \lpt + xzpt +
' B ] A |
+ ASgt + A6gt + x7E

11b)

tPe+1

+ A

11
"15%¢
+

\'mB
,\3 t

B
tPr+1

..cont

given the definitions

and equations

B
+
FeEePeal

+
TIME X12u2t

MeVae

(3.17a)

1
A
A
t

4m

A

1
"eFePryg

inued
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! ! B
\ + +
+ )\9Etet+l + )lOOpt )\llTIME \lzuzt
ToAraboe T AW t N sWe oM Vor
+ + (3.17b)

The last two equations give the following restrictions:

>\l+X2+K3+*\4+)\7+A8+\lO:l
(3.17al)

) f 1 1 1 1 ]

S T T S AT T B B R
(3.17b1)

Substitution of (3.15), (3.16a) and
(3.16b) into (3.1l3a) and (3.13b) yields the following

interest rate eqguations:

B . A B
TorggL F o TeT T orgE Pt TgB Py
TorgECe o TioMae tofpatae f T
+ Tl3wt + 114V2t (3.18a)
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B ! ‘' B A ' B 'A
= + + + +
o To T T1Pg T TPy T otgmy oMy
‘B A ! B A
Toigge t TeT T O ToEPL Ly Y TR
+ T ] 1

9%¢C®ea1 v T1oYae T T1iVoe o T1oWy

Ty gWy + T14V9¢ (3.18b)

Given the restrictions (3.15.1), (3.16al) and (3.16b1)

we get

T, + 1, + 1, + 1, + 1, + v, =0 (3.18al)

~
+
-
+
-
+
-
+
~
+
-~
i
(@]

(3.18b1)

Equations (3.15), (3.16a), (3.16b),
{3.17a), (3.17b), (3.18a) and (3.18b) constitute the
model to be estimated. The treatment of the expected
variables 1s explained in the next chapter. Since
the error terms are correlated across equations,
we estimate the system simultaneously. Then we

test for the restrictions (3.15.1), (3.1l6al),
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(3.16bl), (3.17al), (3.17bl), (3.18al), and (3.18bl).
These restrictions stand for the long-run propor-
tionality of the system with respect to nominal
money supply changes. 1In particular, the restriction
kl + k2 + k3 + k4 + k7 + k8 = 0 reflects the long-run
zero degree homogeneity of the exchange rate with
respect to nominal money supply changes, which implies
that money supplies, prices and the exchange rate move
proportionately, that is P.P.P. holds in the long run.
The coefficient of money supply in the exchange rate
eguation is indicative of the phenomenon of overshooting.
If it is greater than unity, then overshooting occurs.
The model is flexible enough to allow us to
test the assumption made in other studies that aomestic
and foreign variables have common coefficients. Finally,
by simulating with the model we can see whether the
equations fit the data well, and examine the effects

of different shocks on the system. The above tests

are the subject of the chapters to follow.
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3.5 CONCLUSIONS

The model presented in this chapter is an
extension to a two-country world of Dornbusch's small
country model based on the asset approach to exchange
rate determination. It assumes that asset markets
clear relatively faster than goods markets and that
perfect capital mobility prevails between the two
countries.

The model can be tested in reduced form,
with expectations treated within a rational expectations
framework. The reduced form allow us to test the
long-run P.P.P., the phenomenon of overshooting and
the hypothesis that domestic and foreign variables
enter the equations with common coefficients, except
for sigyns. Overshooting 1s not a necessary feature,
since we are concerned with a large country model.
Some useful dynamics can also be derived by simulating

with the model.
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APPENDIX 3A

STABILITY CONDITIONS OF THE INCOME-ADJUSTMENT

MECHANISM IN A TWO-COUNTRY WORLD

Assume that YA tends to increase (decrease)
when the aggregate demand for the A country's output
(ADA) is higher (lower) than Y. This implies that the
rate of change of YA per unit of time is given by

yh = %[ZA(YA) T Va0 St NI SV i W }

L

(3A1)

Where ZA stands for the domestic absorption of

country A, ¢ 1s the positive speed of

adjustment and éA is the time derivative. Since the
exports of country A are the imports of country B,

we write XA = IMB. Emphasis here is on the income
adjustment mechanism. Thus, all the terms are expressed
as a function of income ignoring other components, such as
the real interest rate and the terms of trade.

A similar expression is written for country B:

B = q'[ZB(YB) + IMA(YA) ~ IMB(YB) - YB J

(3A2)
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Expanding equations (3Al) and (3A2)

around the equilibrium point i and YB,and dropping

all nonlinear terms, yields

[
A A A A —A B
Y& o= ~o[(1—z + IM L) (Y - YY) - IM _(Y
] YA YA B
- ¥B T (3A3)
J
‘B ' B B B =B A A
Y© o= -y | {(1-2 + IM ) (Y =Y ) - IM _(Y
YB YB YA
_ YA) J (3A4)

The solutions of the last two equations

have the following form:

A cA e,\lt + a e\2t (3A5)

Y- =Y + a,.,e’ v oa..e (3R76)

where the constants aij depend on 1initial conditions

at time t = 0 and %l and £2 are roots of the

following determinantal equation:
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—;a(l-zA + 1M ) =4 oMb

¢ 1M? “y o (1-28 o+ 1MP oy -

(3A7)

Equations (3A5) and (3A6) indicate that
YA and YB will not tend to the equilibrium values

SA

Y and ?B unless the real parts of A, and Xx_, the

1 2

roots of (3A7), are both negative.
Next, the aeterminant is expanded and
expressed in the following form:

AT+ AN + AL =0 ( 3A8)

where

+ 1Mo (329)
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o A A B
A, =01 k;—z A fOIM ) (1-2T g 4 IM B)
.4 Y
-t Iy 1 (3A10)
Y Yo |

The real parts of the roots of (3A8) will

be negative (Samuelson, 1947, pp. 430-431), if, and

only 1if, Al > 0 and A2 > 0. Since ¥ and L are

both positive, (3A1l0) reduces to

(1-2", + 1P ) (=20 ¢ ) - Pl s o
Y v ¥ ¥ vty
(3a11)

Since IMAA > 0 and IMBB > 0, 1t follows
Y Y

B IMB ) » 0. Thus, the

that (l—ZA
B YB

+ IMA ) (1-2
YA YA

B B
two factors (1 - ZA + IMA ) and (1L - 2 + IM _) must
Y YA YB YB

have the same sign. Given that Al ~ 0, we obtain

1 - 2B, s 0 (3A12)
A
y y
1 - 2B+ 1B s 0 (3A13)
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Inequalities (3A11), (3Al2), and (3Al3)
are the necessary and sufficient conditions for the

stability of the income adjustment mechanism.
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APPENDIX 3B

DERIVATION OF THE REDUCED FORM EQUATIONS

Using the price definitions (3.8a) and
(3.8b}, the money market equations (3.7a) and
(3.7b) and the real interest rate definitions (3.9a)

and (3.9b) are written as

A B
m (l—bB)pt b3(pt toe.)
= c. + C yA - Cc.r, + u (3Bla)
0 17t 27t 2t
B ' B YA
m (l—b3)pt - b3(pt - et)
_ ] B _ ) B *
= cO + clyt czrt + u2t (3B1lb)
A _ A _ A _ B
g TOF (I-b ) E b,y ~ b3(Bipryy
) A B
+ Ltet+l) + (1 b3)pt + b3(pt + et)
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B B o A
by =6 - (L b. )Etpt+l by(E Py
' B .\
B, t+l) (1 b3)pt + b3(pt et)
(3B2b)

Equations (3Bla) and (3B1b) are solved with
respect to nominal interest rates and give us equations
(3.13a) and (3.13b) of the text.

Substitution of(3.13a) into (382a) and

then into (3.6a) yields

Ao s (ay+ay) ) ]—a . (1-b) (a,+a,cy)
t 0 <, L 1 02
N A I (1+c.)
+ P Ty + =
2 ] 2
(1-b )(a ta,c, 37
3 ‘ _
+
s ] L
(a2b3—a3b3)(l+c2) ] ayc, g
* v T ol Yt
€2 | 2
a_.Cc a a
31 B 2 A 3 B A
T Ye To) M T e T,
C 2 2
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B ' ' A
- + +
+ aSgt + (a2 a2b3 a3b3 a3b3)Etpt+l
+ (a, + ab, - ab.)E p> (a.b
as 273 3937 5 Pesn 2°3
a a
) 2 3 1
tagbyE e ) T o Y T ool YW
2 2
a.C
] 2 l .
1 (3B3a)
+ a6wt + a7wtj/l + S

Substitution of (3.13b) into (3B2b) and then into

(3.6b) yields

B _ {a' ) (az+a3)c0 ) a, . (l—b3)(a2+a2c2)
y O , l c'
<y 2
L@ b, (l+c,) 1 5 “f_a, . a,b,(l+c,)
N Py { 1 o
2 . 2
(1-bj) (ag+agc,) ] ,
+ — p, ~|a
3 Pt
2
. (a,by-a;b) (1+c,) 1 ) a,c, g
c! J t c' t
2 2

. .continued
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CcC,a a a
13 A B 3 A ' B ‘A
- + = + =2 +
c, Yr T Tr M T TV R T %9 T A9
2 2
1 bll ¥ B L B ]
to(ay = bja, +agb)E pr, o (bja,
fa. - ab e pt (b.a. + ab.)E. e
3 3737 2 Prya 392 3737 5%+l
- ia u' - ié u + a'w‘ + a'w /1
orot2e T Mt 6"t 7t
2 2
a.cCc
+ 21 (3B3b)
“

Next, we substitute (3B3b) into (3B3a) and (3B3a)
into (3B3b), and after some manipulations we are
left with equations (3.14a) and (3.14b) of the model,
where the & coefficients can be expressed in terms of

the structural parameters as follows:

9
__}

a.cC a,C a. cCc
s = |ag - 22 - 29+ 24
2 2 2
a.cC a.C a._.cCc a.,cC
371 ! 270
- (2D ey - 22 - 20+ 2
c! c €2 <2
2 0
a,C
1+ =4 2 o
C
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a alc.(l"b ) BN
s L 29271 371 ¢ by 353
2 3 4 = c, !
. 2
a,c el
l ‘el , 1 31
L] - ) l + ) i
CIRTI Cq) a( —) azb (1 + =) |
- 2 C) C7
a.c ' 23%,°
= a, (1 + —%_L) - a,{(1 + —LO—M_ = e i—)
1 ' ’ ’ ' C
5 2 2 :
ajasbycy 1 . 1 aBaiCi~
— (1 + ==)=a,(l -b,) (1 + =) + :
' C. 3 3 : ' <
. : o c,
2 A :
b.c. a‘ ‘ alc‘
c
o = 1 . 271
3 - a (l + C' )+ al(l + _c' )+ a3(1 ! C’
. 2
a.b_c o
p 33000 el s L Sy
. 3073 ) c ]
c, :
C - a.a.c
(S o (_}_ 4 2°1 : _3 371 = g
4 2 C2 c' c C'
22 <
55 = a3/02 0
a,C
B 1
66 =a, t 0
2
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o ! ! 1, _ 727271 3 1
5.0 a2(l b3)(l + =) 3 (1 +
C 2 C
2
a.a.c .
y 33 Cphyo1 e i
c 3
2 c
a.c
' 1 ! 271
ab, (1 + =) - a, (1 + )
373 <, 1 c,
a.a.c
_1T3t1
€2
) ! a,c a,a,c
sl a1y 2 by a4 by o 221 1
2 1 c2 3 c’ c2 1
2 “
a3a,3b4C) 1 ' 1 1939
(1L + —)-a_. (1 - b.) (1 + —/—) +
c t 3 3 c c
2 Cy 2 2
b,c a.c
v 271, ! 271
63 = a3(l + = ) al(l + ) a3(l
2 2
a.c a.b.c b
+ 2 1 + 33 l) - a3 b3(l + Q%)
€2 €2 c
2
a, cC
+ 14 Z 0
C2 <
\ a
%2 1 OQCl a3a3cl >
34 '~'4 ')__ ' :0
C2 T, czcz °2C2

AV
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65 = a3/c2 > 0
. a.c
66 = a4 + 21 > 0
€2
57 = a5 0
\ a,a-, (1 - b.)c
1 _ ¥ t 2 2 3 1
68 = a2(l b3) + b3a3 + S
) aja cl(l - b3) .
c, <
. a,c ) a.a.b.c
5. o= a(1+ 21y +a (1-py- 3331
9 3 C2 3 3 C
2
b.c
v 271 ! N
610 = a3(l + 5 )y o+ a3b3 > 0
ISP A - SN b |
11 C o} |
2 2 C
2
v 83 85859 424
§ = - (—= + - )y /1 +
12 C C '
2 2 c2

Ay
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. a4 .a.C a.c
- ! 37771 271

613 6 * C2 /l + ]

€2

[ ' a.,a,.cC a.cCc
- 3761 271

614 a7 + — = /1 + -

2 c2

All the & and § coefficients are divided by the

expression

a.c a,c b.,a,c,/c
1+ 2ha+ 2L, (2212
2 c, L l+a2cl/c2
(E3a2c1/cz 1

1 1] ) )
l+a,c,/c, J

The coefficients of the exchange rate

equation (3.15) are given below.

CO + Cl & C + C, o

0 0 1°0
ko e B —
c' 2
2
.- *(l—bB) + cldl . b3 + Clo2
1 <, o
2
) —-b3—cl¢2 l—b3—cldl
k. = +
2 C 1
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11

1l - ¢4 c. 6
174 4 1'5
c2 02
c164 ) 1+ Ciog
c; C2
clé7 B Clé6
: c
c2 2
] 1)
le36 B ClKS_]
' c
c2 2
€1%  C1%
cé C2
€1  ©1%
cé C2
c, 6 c,d
L - 1°10 , “1%10
C2 cé
1912 ©1°11
cé €2
1911 ©1%12
; c
02 2
191 ©1%13
c! €2
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13 - 1 B C

kl4 = 1

All the coefficients of the exchange rate
equation are divided by the expression 1 + (b3
+ c163)/c2 + (b3 + c163)/c2 which is positive.
However, their signs are ambiguous.

5 3 § S o4+ 0y 4+ & 0=
Given that Ol + 32 + 64 + 65 3 69 0 and

S, + &, + &, + S + &+ 69 = 0,1t can be easily

seen that kl + kz + k3 + k4 + k7 + k8 = Q.

The coefficients of the two output equations

(3.16a) and (3.16b) are given below

IR IR P T 9 85k
b, = Byt Egk, by = 6yt Egky
by = 85 A5k tg T 0g S 5Kg
be = 5o+ 85k ¢4 = 6g * S5k,
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Plg T Y1t otaRg Pl T Syt oS4k
P12 T 813t S5k, P13 T Bpg 83Ky
P14 T O3Kyy @é - 55 4 o;ko

‘i - °i * “;kz ié = 6; + 83k,

. , : , : .

vy T 9y + 53k4 ¢4 = 55 + 53k4
m; = 6% + c;k6 @é = 6; + a;ks
o = 5g + 6;k8 ¢é - 5; " 6;k7
vg = 5;0 * S;k9 b0 7 SRR RN
3i1 B Siz * ‘gklo *iz - 5i3 * 6'3]"13
¢i3 B 5i4 * égklZ ¢i4 = 5;k14

The two price eqguations (3.17a) and (3.17b)

have the following coefficients:
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3 7 Yiy

Ay T vdg
Ay T ity
Ag T g
M1 Ty
Y137 i1
15 7 s
Y17 7T

>; = Y'¢;
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\5 = ! '5 )L6 = y ¢>6
)\ - 5 T _ 1 [
7 ¥ hg = v 4y
\ . . _ ' 1
5 79 ‘10 THY 9
R o T Y P10
1377 11 ‘14 T T %12
1s Y13 ‘e T Y P14
1 1} '
417 = Y )\18 = 1

Finally, the coefficients of the i1nterest rate eguations

(3.15a) and 73.318b) "ollow:

o T Cp TRy ey LT obThy t bgky ey
= + } < ~ = - _

5 bj 03}2 + Cyiy 3 b3k3 + Cyéy 1
= + ; -

Ty T bkt ooy, tg = bgkg + cy9g

Il
o
~
+
N

i
o2
~
+

‘6 3% 16 7 3%9 T C1%y



‘g 3% 8 1°8

tro T Pakyg T 10
f12 T Pakyy teyeg,
Tia T OPgRyy ooy
Ty = l—b3—b3k2 + Cl¢
iy < Clyg - b3k4 - 1
T5 = —b3k6 + Cl¢5

r7 = —b3k8 + Clc7

Tg = —bgk9 + C1¢9
T1y T TRk toeyegy
Tz T oThgR, F e iy

99

tg T bgkg * Cyig

Ty T obgkyy Tocytyy
ty3 = P3kyg T cyog,

TO = co—b3kO + Cloo
) _ ' b t 1) 3

r2 = b3— 3kl + cl¢2
14 = —b3k3 + Cl¢4

Tg = "hikg oy

tg = *b3k7 + Civg
“ro T Ithgkyy ot ey
12 T ThERy g,
f1g T TRk Ty

Notice that all the coefificients of the domestic

interest rate equation are divided by C, - The

coefficients of the foreign interest rate equation

'

are divided by cz



CHAPTER 4

SOME PRELIMINARY CONSIDERATIONS FOR

EMPIRICAL IMPLEMENTATION OF THE MODEL

4.1 INTRODUCTION

The objective of this chapter is to make the
model presented in chapter 3 applicable for empirical
implementation. Many of the empirical features of P.F.P.
discussed in the survey of the literature are necessary
for the estimation. It was argued, for instance, that
a GDP implicit deflator is the optimal price measure.
Some other ingredients necessary for the empirical
implementation of the model need elaboration.

In what follows, the guestion of the standard
country, the time period, the sample of domestic and
rest of the world countries, some additional reasons
for the choice of the price index and the treatment of

the expected variables are discussed.

4.2 THE STANDARD COUNTRY

The usual standard country used in the

empirical work concerning P.P.P. is the United States.

100
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Sometimes the United Kingdom or West Germany have been
used. However, the selection of any unique standard
country has the disadvantage of permitting only tests of
models in which variable movements pertain only to the
domestic vis-a-vis the standard country. Such bilateral
tests are generally weak, since they do not consider all
the economies involved in the domestic country's trade
and payments.

The optimal standard country should be one
with which the domestic country's trade and payments
links are the strongest. Thus, the influence of economic
developments abroad should bhe represented by indices for
the effective exchange rate, real income, prices, the
interest rate, real government spending and nominal
money balances in the rest of the world.

Given that the concept of the effective
exchange rate 1s applied to the analvsis, the standard
currency 1s replaced hy appropriately welghted averages
of the currencies of the domestic country's maln partners
in trade and paymentsi

Let ', be the multilateral exchange rate for

The methodology used in this section is due
to Penttili Kouri (1978).
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currency A (number ot units of domestic currency per
unit of foreign currency), EAB the exchange rate
between currency A and currency B (number of units of

currency A per unit of currency B) and WAB the weight

of currency B in the multilateral exchange rate for

currency A. Then, by definition,
WAB
FE, = N E 7, where ZBWAB =1anda W, =0

A geometric (rather than arithmetic) average
is used to construct the multilateral exchange rate
because of its properties of reversibility and symmetry;
in this case, interchangeability of currencies A and B.

Assuming orderly cross rates involving the US dollar,

W

_ AB _ )
FEA = HB(EAS/EBS) = e.exp(fn E

AS

tin B}

zBWAB BS'

or

Z W fn E

3 =
n FE n B 8"aR BS

A AS

According to the previous notation (lower case letters
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stand for the logarithm of a variable) :
(fe)p = eas ~ Lp"ap®ps

where $ denotes the US dollar.

An advantage of this formulation is that (fe)
can be calculated from exchange rate data involving
the US dollar alone. Another advantage is that there
1s no standard country which does not receive a test
for itself as the domestic country. The dollar, which
is the nuwmeraire currency, 1s treated symmetrically with
the other currenciles and the US is the subject of its own
multilateral exchange rate computations. The multi-

lateral exchange rate for the Us will be

FE$ = e.exp(—ZBW$B LN EB$)
or
(fcé = - iBWSBeB$

By itself the multilateral exchange rate, FE,
has no easy intuitive interpretation. It is a mixture
of ditferent currency units and corresponds to no
exchange rate quoted on the open market. Only when it

is judged with respect to some benchmark data is 1t a
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useful concept. Let FEAO be a benchmark multilateral
exchange rate for some past data, say 1975. Then
the effective nominal exchange rate at period N can

be defined as

FE = FEA/FE

AN A0

This effective exchange rate index measures how

country A's nominal exchange rate has changed against

the other trading partners relative to some base year
(1975). A uisadvantage 1is that this specification

does not take competition in third markets into

account, third markets being mainly countries with
inconvertible currencies -- socialist or less developed --
that cannot be meaningfully included in the multi-

lateral comparison.

The rest of the world prices and interest
rate variables are weighted indices of the corresponding
variables of the countries that have the strongest
trade and financial linkages with the domestic countries.
The specification of the rest of the world (toreign)

price is as follows:



105

WAB
= = . W
FPan = "5Pay e exp(EB ap 0 Py
or
(fp) = D
P AN ZBWAB

BN

where FPAN is the foreign price corresponding to
country A, in period N relative to period 0.

The foreign energy price is constructed
in a similar way.

The i1index of the foreign interest rates must
be calculated in the same way to allow for the possi-

bility of interest rate parity in the long run. Thus,

A i

where Ly 18 the nominal interest rate on short-term
government securities in country B.

The income ana government spending variables
were transformed into real terms by deflating their
nominal values by the implicit GDP deflator. The
indices of foreign real government expenditure, money

supply and real income do not require a weighting
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scheme, since only the sum of real government expen-
ditures, money supplies and real incomes in all
foreign countries is of interest. Magnitudes are

expressed in terms of the domestic currency.

P.P.P. theory concerns prices and production
within the boundaries of respective countries. Thus,
GDP 1is the preferred concept for the income variable,
rather than GNP, since it covers domestic rather
than national production. In practice, P.P.P.
computations on a GNP basis aiffer very little from

those on a GDP basis.

4.3 THE TIME PERIOD AND THE SAMPLE OF

DOMESTIC AND FOREIGN COUNTRIES

The model 1s tested using the 42 seasonally
adjusted guarterly observations over the period
19731-19483I1. This period 1is one of floating exchange
rates though there was some intervention by the central
banks of the major countries.

Since a large country model 1is used,
regressions are performed for France, Germany, Japan,
the UK and the US in the role of the domestic country.

These are the largest noncommunist industrial countries
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according to the OECD, in terms of gross national
proaucts and of participation in world trade. The
selection of these countries is in agreement with
the theoretical definition of a large country, since
a change 1in some of the domestic exogenous variables
will affect the foreign variables.

The selection of the base year deserves
particular attention. The base year should be one
which involves exchange market stability so that
P.P.P. computations (under the ideal conditions of
purely monetary changes) would neither give rise to a
diseyuilibrium nor perpetuate one. Exchange rate
controls and severe trade restrictions snould be absent.
I1f exchange rates are flexible, they should be rela-
tively stable during the perioa. If these are fixed

or manajed floating rates, balance of payments deficits

or surpluses should be neither largye nor persistent.
Even more important, expectations of major changes in
domestic and/or foreign economies should be absent,or
at least occur without a considerable effect on the
exchange market.

The above considerations are gquite important
for the weighting patterns. The weights should be

calculated during a period of relative stability in the
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exchange rate market. In brief, there should be a
reasonable approximation to ongoing exchange market
equilibrium in the base period.

The base period selected is 1975. The

weights are an arithmetic average of the weights

calculated for the first guarter of 1973 and the
last gquarter of 1975.

In 1975 small trade deficits or surpluses
were observed ana exchange rates were kept relatively
stable. Expectations that major changes in economies
would seriously affect the foreign exchange market
were minimal. After 197¢, fluctuations of the
exchange rates were excessively high. In addition,
data are publishea with 1975 as a base and thus the
selection of the year facilitates computations.

The first observation period of the sample (197371)
was also chosen tor calculating theweights, since 1t 1is
a period of relative stability, despite the fact that it
is only the beginning of the flexible exchange rate
period. Furthermore, it is the only reasonably stable
quarter available before the first oil shock.

During the first quarter of 1973, sixteen

months after the formal suspension of gold convertibility,
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many countries abandoned the attempt to maintain

fixed exchange rates against the dollar. In the

latter part of 1972, there were already signs that the
Smithsonian realignment was beginning to affect the
trade balances 1n real terms of the three major parti-
cipants -- the U.S., Japan and Germany. There

were encouraging movements toward equilibrium in these
countries in the first quarter of 1973.

The US trade deficit, which was still at an
annual rate of $6.75 billion in the fourth guarter of
1972, was almost halved in the first quarter of 1973.
The Japanese trade surplus was cut from an annual
rate of $9 billion in the fourth quarter of 1972 to
$6 billion in the first quarter of 1973. "There has
been a concession at least among the economic authorities
in major countries that the set of rates which emerged
in the beginning of 1973 was 'about right'"2

The weight W 1s taken as proportional to the

AB

value of merchandlse trade (exports plus imports of

. 3 . .
country B relative to country A . Taeally, FEAN 1s

2 See the publication of OECL, "Economic Outlook,”

Jguly 1973, p. 13.

Previous studies have used trade welghts to construct
foreign indices. Asset welgnhts mignt make more sense
for tne foreign interest rate; the effective exchange
rate could be constructed using both asset ana trade
weights. However, data problems render this task
impossible.
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the hypothetical uniform proportionate change in the
value of currency A VLS—é—vis all other currencies (all B),
from the base to the current period, that would have
the same effect on country's A balance of payments as
the actual set of exchange rate changes EFBN for all

B. Thus, an optimal computation of the effective
exchange rate can be achieved, 1f the weights are
obtained from a model with parameters that indicate the
effects of changes i1n the relative values of the
currencies of all other countries on each country's
balance of payments. Econometric modelling of this
kind can yield weights that enable the construction

of foreign variables that are closest to the ideal

concept. However, such modelling is infeasible, given
the necessarily limited scope of this thesis. A trade
welighted concept provides an inferior pattern to one
derived from a correctly specified and appropriately
estimated model but 1s the best of the the feasible

alternative schemes.

Table 4.1 describes the weighting pattern of
the foreign variables for each country. A measure of
the quality of foreign variables tor a given country
1s the proportion of the country's total world trade
accounted for by the countries with some weight in the

indices. This measure, called "coverage", has two



TABLE 4.1

WEIGHTING PATTERNS

Country Coverage? Welghting Pattern

France (.629, .715) .008 Austria + .008 Australia + .160 Belgium + .012 Canada + .297 Germany
+ .148 Italy + .019 Japan + .086 Netherlands + .024 Sweden + .058 Switzerland
.084 UK + .092 USA

Germany (.648, .719) .050 Austria + .011 Australia + .126 Belgium + .013 Canada + .192 France
+ .126 Italy + .025 Japan + .178 Netherlands + .043 Sweden + .056 Switzerland
+ .061 UK + .115 USA

Japan (.396, .514) .003 Austria + .141 Australia + .015 Belgium + .085 Canada + .026 France
+ .063 Germany + .015 Italy + .021 Netherlands + .011 Sweden + .019 Switzerland
+ .054 UK + .543 USA

UK (.543, .612) .017 Austria + .047 Australia + .069 Belgium + .068 Canada + .119 France
+ .159 Germany + .055 Italy + .04Z Japan + .111 Netherlands + .073 Sweden
+ .059 Switzerland + .178 USA

USA (.545, .659) .003 Austria + .024 Australia + .032 Belgium + .395 Canada + .047 France
+ .096 Germany + .046 Italy + ,194 Japan + .048 Netherlands + .015 Sweden
+ 018 Switzerland + .076 UK

ITT

% Trade with countries included in weighting pattern as a proportion of the domestic country's total trade.
First entry refers to 19731 and second entry to 19751IV.



112

entries in Table 4.1. The first refers to 19731 and

the second to 1975IV. The coverage 1s always
lower in 19731 than in 19757y, The major reason

1¢ that after the first o0il shock industrial countries

increased considerably their expenditures on oil
imports and consequently there were increased exports
to the o1l producing countries in 1975. Since only

"relative trade” among the sample countries is

relevant, there 1s no bias in the weigynting patterns.
The o0il crisis of the 1970s could not have any signi-
ficant effect on their relative trade because all
countries in the sample are industrial. However, both
periods (before and after the oil shock) are used to

construct the weights.

4.4 THE PRICE INDEX

Many different price indices have been used
in various studies, but it was argued in chapter 2 that
the Jeast deficient indices are the CPI and the implicit
GDP deflator, with the latter the best, since the
CPT 1s a partial measure of price level adjustments.
Here, two theoretical argquments in favour of the
implicit deflator and some additional empirical reasons

are given.
Cne theoretical argument is on the production
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and the other on the consumption side of the economy .

On the production side 1t can be argued that a unit-

factor-cost measure is the most appropriate one
(Fouthakker, 1962, p. 293). Under certain assumptions,

a unit-factor-cost concept of P.P.P. is equivalent to a
P.P.P. based on price levels that are production welghted
averages of commodity prices in each country, implying

an implicit price level measure (Officer, 1974, p. 871).
However, for equivalence with a CPI concept of P.P.P.,
which implies the use of household consumption welghts

in the construction of price levels, additional and more

stringent assumptions are required (Officer, 1976, p. 12).

On the consumption side, to the extent that the
P.P.P. theory is justified by the existence of arbitrage
and substitutability of commodities in consumption, the
price concept should be as comprehensive as possible.
Thus, an implicit deflator, encompassing all output of
the economy, is preferred to a CPI measure which restricts
pricing to those goods and services purchased by house-~

nolds.
Furthexrmore, implicit deflators are more

likely to be comparable among countries since tney are
often constructed within a common accounting framework,
in particular the U.N. System of National Accounts.

However, thelr application is of limited extent, since



114

therc have not been enough data points for empirical

work, particularly on a guarterly basis.

The price index is an important variable in
the model. There are two price equations, but also
prices enter the other equations of the system as well.
Though there were strong reasons to support the use of
an implicit GDP deflator measure, the model was estimated
initially using the implicit deflator, the CPI ana the
WPI, three of the most commonly used indices.

Preliminary estimation indicatea that the
best fit was obtained with the implicit deflator and the
worst one with the WPI, for all countries 4. The CPI
performed slightly better than the implicit deflator

only for tiie UK ana the US.

Moreover, since the model has some lagged
dependent variables, the characteristic equation of the
system was derived after estimation ; When the implicit
deflator price indices were used, the characteristic
roots were found stable for all countries except the UK
and the US. Hence, the implicit deflator was used for

France, Germany and Japan and the (PI for tne UK and

the US.

This judgement was based on the usual statistics and
on some signs not supported by the theory.

In chapter 5 the characteristic equations and their
roots are given.
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4.5 THE TREATMENT OF THE EXPECTED VARIABLES

It was argued in tne previous chapter that
the assumption of rational expectations is consistent
with the model. An ideal treatment of rational
expectations in the empirical implementation of the
model would be the following:

Given equations (3.15) to (3.18b) one would
write down some arbitrary trial solutions for the
endogenous variables. Then the method of undetermined
coefficients could be applied to eliminate the expectea
terms and estimate the resulting model subject to the
rational expectations cross-equation restrictions, using
full information maximum likelihood (FIML). These
restrictions would yield estimates of the coefficients
of the expected terms (unobservable variables).

The use of the cross-equation restrictions,
which are expressea 1n terms of the structural parameters
of the model, implies that the agents know and apply tne
structure of the economy in forming their expectations.

This procedure has been applied only with
very simple models that have only one expected variable
and a less complicated structure. In our case, 1t was

not possible to solve, even algebraically, the model after
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this procedure was applied because the cross-egquation
restrictions were complicated nonlinear expressions and
not in reduced form. Even after some brave assumptions
which, in principle, allowed solution of the model (given
the restrictions), it was i1mpossible to differentiate

by computer such a complicated and space consuming system.
In fact, because of the restrictions even an iterative
scheme asymptotically equivalent to FIMI, would reqyuire

a great deal of computation.

It is the computational requirements of the
restricted FIML that have directed so much effort in
recent yvears into tne development of alternative procedures.
McCallum (1976) has referred to any rational expectation
estimation procedure which does not impose the rational
expectation restrictions as being only "partially
rational". If the restrictions are imposed in the
maximum likelihood procedures, they are said to be "fully
rational". Following McCallum (1976), use is maae of
an instrumental method approach to provide consistent
estimates of the equations of the model involving
expectations which are in fact formed rationally. The
expectatiocnal variables of the model are expected

domestic price, expected foreign price and expected



117

exchange rate6.

Ordinary least square regressions of domestic
price (P), foreign price (FP), and exchange rate (FE)
on the predetermined variables of the system are per-
formed. Several combinations of variables, which were
used to compute the instrumental variables, were tried
as predetermined in the first stage regressions, but

here only those that gave the best fit are reported.

The resulting estimates are given in Tables
4.2, 4.3, and 4.4. The previous notation used in the
model, in which the superscripts A and B denoted the
domestic and foreign variables, is abandoned. Now, tne
first character in each symbol stands for the country
(F for France, G for Germany, J for Japan, E for UK and
U for US). The variable name is the last character
in each symbol, and it keeps the same meaning as in
chapter 3, though the lower case letters are replaced
with capital letters. A character X denotes an

expected variable. A letter F preceding the character

Estimates of expected prices and exchange rate may
also be generated using interest rate term structure
and the forward exchange rate as proxies of expected
prices and exchange rate. However, forward markets do
not exist for some of the countries included in the
weighting pattern of Table 4.1. Furthermore, our
treatment of the expected variables is more consistent
with rational expectations.



118

TABLE 4.2

FIRST STAGE REGRESSTONS USED TO CREATE INSTRUMENTS FOR DOMESTIC

EXPECTED PRICE VARIABLES

ENDOGENOUS

Explanatory —— i

55) ) 5 I
Variables Ht Glt th o Elt UIt
Constant . 7005 L5705 -2.2757 L0685
{(.1738) (.1011) (.7284) (.0635)
Py . 8906 L8462 L7908 . 3665 .9815
(.0254) (.0391) (.0548) (. 1469 (.0523)
P, .loll
(.0789)
P - ~.2326
2 [.0682)
Mo L1285
{.0404)
Mo -.2699
2 (.0849)
G- 2334
t=o (.0720)
0P, -. 00406 L0156
- (.0016) (.0083)
P 1.142 -.2353
- (.3455) .0553)
BM, L0389 L0515
- (.0095) (.0218)
BN - 0672
- (.0448)
M, .1395 1718
b (. 0404) {.0537)
G L0442
t-1 (.0097
FOP_ L0544 L0362
(.0120) (.01531)
FOP_ L0030
- N otov2ny oo
STATISTICS
R .9999 .9968 . 9969 9980 . 9995
SE L0061 0065 L0081 L0011 0054
DW 1.9225 2.0081 1.9234 1.9168 2.0045
h .2418 -.0257 . 2508 3875 -.0140
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TABLE 4.3

FIRST STAGE REGRESSIONS USED TO CREATE INSTRUMENTS FOR FORELGN EXPECTED

PRICE VARIABLES

Explanatory ENDOGENOUS
Variables FFP GFP JFP LFP UFP
t t t t t
Constant Lo1vl . 1665 L1214 L1155
(.0490) (.0193) (.0200) (.0127)
Fpt—l L6929 .9138 . 7894 L9779 L6129
(.0309) (.0108) (.0824) (.0044) (.0753)
Fp 5 L1921 -.0232 L2256
- (.0871) (.0053) (.0727)
BM 0733
> (.0189)
FGt_, -.0625
2 (.0277)
FOP .U553
t-1 (.0075)
FOP, L0278
t-2
(.0054)
Pt 1 L2381 .2200 3653
- (.0232) (.0840) (.0742)
Pt 5 -.0243 -.0129 -. 1965 -.2207
- (.0049) (.0048) (.0887) (.0720)
Pt_ﬂ -.09653
¥ (.0221)
M, s 0106 L0247
- (.0039) (.0053)
STATISTLCS
D
R” L9999 L9999 L9999 . 9998 . 9998
SE L0050 . 0015 . 006V . 0050 .0020
DW 1.9947 1.94053 2.1550 -. 0251 1.8092
h L0160 .2480 -.55406 -.0774 L6041
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TABLLI 4.4
FIRST STAGE REGRESSIONS USED TO CREATE INSTRUMENTS FOR EXPLECTED EXCHANGL
RATE VARIABLES

Explanatory ] ENDOGENOUS
variables FEE GFL JFE EIE UFE
t t t t t
Constant 10.2397 ~1.1580 6.9358 L9977
(.8017) (.4873) (.3756) (.2202)
FE. L9930 7423 . 7966
(.0289) (.1108) (.0449)
FE, -.0135 . 0529 - 1076
- (.0093) (.0473) (.0364)
P 2647
t-1 (.1365)
P, L0545 1174
- (.0479) (.0401)
P L0080
7 (.0020)
M 1.3018 L3246 1726 L4160
t (.1617) (.0478) (.0U83) (.0307)
Mo . 3391 -, 12406
(.0441) (.0223)
opP L0323
t (.0071)
EM 21.4253 -.2876 - 1098 -.4028 ~. 3700
t (.3171) (.1170) (.0215) (.0534) (.0174)
PN L3022 L0684 . 3485
(.1092) (.0267) (.0198)
U - 1429 L0557
o - ) . (.0289) (.0115)
STATISIICS
R” 9848 .9999 L9997 L0992 9992
ST 0402 L0010 L0022 L0086 L0044
Div 1.8420 1.8224 1.9533 1.5210 2.0005
h L1859 0.5503 1972 1.5150 ~.0016
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that stands for the variable, denotes a foreign variable.
The symbol FE 1s retained for the effective exchange
rate. Again, all variables are in logarithms except for
the domestic and foreign interest rates.

The figures in parentheses below the coeffi-
cients are their respective standard errors. R° 1is
the coefficient of determination adjusted for degrees
of freedom. The standard error of the regression is
represented by SE. Dubrin-watson statistic is
reported for all equations. The Durbin h statistic is
given for detecting autocorrelation in the presence of
lagged dependent variables.

The estimates are gquite plausible. The t
statistics7 are reasonably large. Only seven out of
eighty-four t statistics are insignificant at the 5
percent level, and then only slightly. The adjusted
correlation coefficients are high, indicating respectable
goodness-of-fit, and the Durbin h statistic is not at
all suggestive of autocorrelation, since at the 5 percent
level of significance the critical value of the normal

distribution 1s 1.645.

We use the term to refer to the (implied) absolute
values of the ratios of the parameter estimates to
their standard errors.
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Thus, the null hypothesis of no serial correlation
for any of those equations cannot be rejected.
The expected variables enter the equations of

the model with the operator Et(E P E ). The

t e+l Tt
information set includes period t which implies that
when the agents form their expectations they already
know the current variables. Thus, current exogenous
variables are included among the predeterminecd
variables. Notice that some of them test as significant
in the exchange rate equation, but they are dropped from
the price equations because they do not add anything to
the explanatory power of these equations and they test as
insignificant.

These latter results are not surprising,
given the slow adjustment of goods prices. The
exchange rate 1s assumed to be determined in the asset
market and it includes a greater proportion of future
information than do prices. Asset prices depend usually
more strongly than goods prices on expectations, and
thus they are more sensitive to new information which
alters expectations about the future.

The multivariate least squares regressions of
P, FP and FE on various sets of predetermined variables
of the system yield consistent estimates of P, FP and

FE which may be used as proxies for the unobservable
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variables of our system (Wallis, 1980, pp. 66-67, and
Revankar, 1980, p. 1360). The variables P, FP and Fé

may not be efficient estimators since they do not make
use of the rational expectation restrictions; 1if FIML
estimates of the structural parameters were used, they
would provide more efficient estimates. But as long as
what we are chiefly interested in is a consistent

proxy for the unobservable variables, the regressions
outlined are adequate (Begg, 1982, pp. 107-110). The
first stage regressions are used to estimate the complete

model in the chapter that follows.

4.6 CONCLUSIONS

Given the reduced form of the model, two impor-
tant gquestions have to be answered: what variables
are to be used as rest of the world variables; and
how the expectational variables are to be treated. The
first question was answered by aggregating over the major
trade partners of each individual country. The effective
exchange rate was constructed with trade welights and other
foreign variables were treated symmetrically.

The unobservable variables were estimated by
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the method of instrumental variables. The instruments
were determined empirically after some experimentation
with different predetermined variables.

The questions of the choice of a standard
country, the sample of domestic and foreign coutries
and the time period were also examined. The time
period is the floating exchange rate period of the
1970s and early 1980s and the domestic countries chosen

are the largest five OECD industrial countries.
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APPENDIX 4A

TESTING THE CAPACITY OUTPUT ASSUMPTION

Capacity output has been defined in chapter 3
as a function of the price of energy relative to
domestic output (RP) and a time trend. The validity
of this assumption is tested below with simple ordinary
least squares corrected for first-order serial correlation.
Output is regressed on a time trend and the price of
energy relative to the price of domestic output. Symbols,
statistics and the sample period have already been
defined in chapter 4. (p stands for the first-order

autocorrelation coefficient.)

FRANCE: Fy, = 2.6521 + .0052 TIME + .0156 FRP
(.0226) (.0008) (.0352) °©
R’ = .9928: DW = 1.5175; o = .8216
(.0865)

GERMANY: GY 2.3377 + .0028 TIME + .0146 GRP

t (.0343) (.0013) (.0226) °©
2
R = .9841: DW = 1.7527: o = .8682
(.0704)
JAPAN : JY, = 7.2247 + .0108 TIME - .0537 JRP,
(.0182) (.0008) (.0224)
2
R = .9995; DW = 1.8019; 0 = .8402

(.0839)
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UK: EYt = -.1364 + .0074 TIME - .2256 ERPt
(.0181) (.0009) (.1228)
=2
R = .7438; DW = 1.8934; e = .5383
{(.1348)
Us: vy, = 2.7187 + .0059 TIME - .0437 URPt
(.0338) (.0013) (.0233)
=2
= .9903; DW = 1.6373; p = .9051
(.0574)

The results are encouraging. The time trend
is highly significant for all countries. The price of
energy relative to the price of domestic output has a
negative and significant coefficient in three of the
five countries (significant at the 5 percent level);
in the case of France and Germany, the ccocefficient is
positive but insignificant. The fit of the regressions

is good and the Durbin-Watson statistics satisfactory.
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APPENDIX 4B

TESTING THE ASSUMPTION OF RANDOM WALK

The model assumes that the exogenous variables
follow a random walk. Here, this assumption is tested

by a procedure used by Driskill and Sheffrin (1981).

Each variable is regressed on a constant and on its

first lag. It is then regressed on a constant andon

its first and second lags, and finally on a constant

and on its first, second and third lags. The objective
is to see if the coefficient of the first lagged variable
is close to unity and if additional lags are significant.
The test 1s useful because it throws some light on the
lag structure of the exogenous variables. Symbols,
statistics and the sample period have already been

defined.

MONEY SUPPLIES

FRANCE: ~ FM_ = .3000 + .9469 FM__,

(.1633) (.0305)

R° = .9559; DW = 1.9277; h = 2272
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FM_ = .4102 + .9015 FM_ , + .0254 FM

t t-1 t-2
(.1617) (.0346) (.0206)
R? = .9601; DW = 2.0263; h = -.0829
FM_ = .4482 + .8929 FM__, + .0203 FM__, + .0068 FM,__,
(.1741) (.0376) (.0135) (.0110)
R® = .9595. DW = 2.0234; h = -.0741
1 - = Q
GERMANY:  GM_ .2682 + .9573 GM, _;
(.1727) (.0295)
R = .9657; DW = 1.8531; h = 0.4535
GM, = .4116 + .9039 GM,_, + .0296 GM__,
(.1839) (.0356) (.0207)
R? = .9578; DW = 1.9748; h = .0796
GM_ = .3645 + .9135 GM__, + .0354 GM__, - .0075 GM__,
(.1966) (.0384) (.0238) (.0111)
2

R = .9576; DW = 1.9725; h = .0872
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JAPAN: JM_ = .1789 + .9764 JM__,
(.1791) (.0277)
R = .9688; DW = 1.9429; h = .1786
JM, = .2538 + .9496 JM__, + .0157 JM__,
(.1883) (.0327) (.0100)
R% = .9690; DW = 1.9579; h = 0.1328
JM_ = .2376 + .9530 JM__, + .01791 JM__, - .0032 JM__.
(.1990) (.0352) (.01220) (.0102)
R% = .9681; DW = 1.9601; h = .1259
UK : EM, = .1319 + .9759 EM__,
(.1565) (.0331)
RY = .9698: DW = 2.0128: h = —.0403
EM_ = .1792 + .9550 EM__, + .0113 EM__,
(.1701) (.0393) (.0109)
R% = .9702; DW = 2.0130; h = -.0413
EM_ = .1359 + .9686 EM__, + .0165 EM__, - .0101 EM_ .
(.1687) (.0401) (.0126) (.0111)
-2

R” = .9698; DW = 2.0083; h = -.0264
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. = -0298 + .9995 UM__,

(.0426) (.0058)

UsS:

a
=
Il

R% = .9989; DW = 1.9827; h = .0534
UM, = .03837 + .9968 UM__, + .0015 UM, _,
(.0429) (.0066) (.0019)
R? = .9992; DW = 1.9832; h = .0518
UM, = .0671 + .9932 UM__; - .0030 UM__,-.0044 UM, _,
(.0451) (.0068) (.0025) (.0028)
R = .9989; DW = 2.0064; h = -.0197
GOVERNMENT EXPENDITURES
FRANCE:  FG_ = -.0412 + .9486 FG__,
(.0527) (.0737)
ﬁz = ,8251; DW = 1.8967; h = .2882
FG, = -.0486 + 1.0557 FG__, - .1227 FG, _,
(.0478) (.0827) (.0752)

i
R = .8532; DW = 1.9455; h = .1952



GE RMANY :

JAPAN:

JG

i

it

il

Il
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-.0414 + 1.0651 FG

t-1
(.0507)  (.0861)

.8489; DW = 1.9557
L0174 + .7334 GG, _,

(.0230)  (.1019)

.5723; DW = 2.0965
.0182 + .5238 GG,__, +
(.0263) (.1529)

.4760; DW = 2.0871
.0094 + 1.0176 GG__; -

(.0133) (.1170)

.8492; DW = 1.6959
L0040 + .9642 JG_ _,
(.0199)  (.0451)

.9236; DW = 1.9740

.0024 + 1.0030 JGt-l

(.0188) (.0831)

.9334; DW 1.9801

- .1571 FG, _

(.0928)

; h .1

; h

.2043 GG__,

(.1526)

; h

.

L7625 GG _,

(.1583)

: h

1.

: h

Il

.0

L0706 JG__,

(.0822)

: h .0

+.0366 FG

2 £-3

(.0675)

611

3825

80375

‘. .
6742 GG, _,

(.1127)

3534

834

714



UK:

Uus:

i

Il

-.0023 +
(.0194)

.9325;

-.1535 +
(.0760)

.6878;

-.1312 +
(.0703)

.7186;

-.1368 +
(.0759)

.6969;

.0215 +
(.0336)

.9885;

.0278 +
(.0354)

.9877;
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1.0132 J6, _4 + .0333 JG_ _, - .1007 JG_
(.0833) (.1149) (.0822)
DW = 1.9856; h = .0517
-8043 EG__,
(.0987)
DW = 1.9856; h = .0559
-9151 EG_ _, - .0852 EG,__,
(.1119) (.0717)
DW = 1.9785; h = .0915
-8854 EG,__; - .1390 EG__, + .0737 EG__
(.1161) (.0880) (.0707)
DW = 2.0232; h = -.1024
-9872 UG, _4
(.0261)
DW = 2.0863; h = -.2695
-9750 UG__4 + .0073 UG__,
(.0322) (.0112)
DW = 2.0901; h = -.2833

-3

3
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+ .0116 UG__, - .0036 UG

UG, = .0243 + .9770 UG, _, 5 -
(.0372) (.0330) (.0177) (.0114)
R = .9877; DW = 2.0957; h = -.3013
ENERGY PRICES
FRANCE : FOPt = 1.5559 + .6864 FOPt__l
(.5336) (.1086)
R = .9768; DW = 1.7732; h = 1.1079
FOP, = 2.2588 + .5307 FOP,_; + .0157 FOP,__,
(.6134) (.1279) (.0110)
R? = .9726; DW = 1.6818 h = 1.5947
F = -
OPt .8828 + .8385 FOP__,+.0106 FOP, _,-.0279FOP,_ 4
{.4730) (.1013) (.0107) (.0202)
R% - .9792; DW = 1.9456; h = .2147
GERMANY : GOPt = ,7845 + .8500 GOPt—l
(.2636) (.0538)
R% = .8387; DW = 2.0995; h = —.3251
GOP, = 3.2187 + .2146 GOP__; + .1534 GOP__,
(.4664) (.0993) (.0238)
82 = .g244; DW = 1.6401; h = 1.4029
Gop, = .1370 + 1.0039 GOPt—l+'0842 Gopt_z—.1522GOPt_3
(.1943) (.0582) (.0262) (.0234)
R% = .9420; DW = 1.8644; h = .4478
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JAPAN : = ., .
Jop, 5246 + .9005 JOP__,
(.2055) (.0423)
R% = .9526; DW = 2.1273; h = -.4064
JoP, = .6909 + .8493 Jop__, + .0179 JOP, _,
(.2517) (.0591) (.0156)
R = .9514; DW = 2.2560; h = -.8478
JOP,_ = 1.8500 + .5591 JOP__, + .0320 JOP,_,+. 0452 JOP, 4
(.4278) (.0975) (.0138) (.0143)
-2
R = .9292; DW = 1.7765; h = .8622
UK: =
EOP, .2037 + .9671 EOP__,
(.0592) (.0118)
R% = .9931; DW = 1.7726; h = .7027
EOP, = .2508 + .9427 EOP,__, + .0154 EOP__,
(.0618) (.0159) (.0899)
8% = .9933, DW = 1.8819; h = .45776
EOP, = .2738 + .9359 EOP, _, + .0126 EOP,__,+.0052 EOP,__,
(.0710) (.0186) (.0080) (.0071)
2

R = .9924; DW = 1.8980; h = .3164
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Us:  uop_ = .3842 + .9317 UOP,__

1
(.1721)  (.0342)

82 = .9594; DW = 1.8254; h = .5505

UOP, = 1.2140 + .7209 UOP__, + .0485 UOP,__,
(.3491)  (.0738) (.0330)

R% = .9486; DW = 1.8215: h = .6179

UOP_ = .4586 + .9006 UOP,  +.0380 UOP,__,=.0215 UOP, _,
(.2211) (.0551) (.0238) (.0144)

R% = .9535; DW = 1.8180; h = .5965

The above regressions inaicate that the
assumption of random walk 1s generally supported by
the data. The assumption holds better for money
supplies and government expenditures than for energy
prices. There are only four cases for which the
assumption clearly seems not to hold. These are the
cases of Germany's government expenditures and France's,
Germany's and Japan's energy prices. Thus, the
coefficient of the first lagged variable is close to
unity and additional lags are not justified for the

majority of the exogenous variables.
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APPENDIX 4C

SOURCES AND USES OF DATA

The data consist of quarterly series and
cover the period 1973I-1983I1I. Unless otherwise noted,
all variables were taken in level form from the

publication, International Financial Statistics of the

International Monetary Fund and from the publication,

Main Economic Indicators of the OECD. Variables entered

into the regressions are the logarithms of these levels,
with the exception of interest rates. Variables that
were not seasonally adjusted, have been seasonally
adjusted (before taking logarithms), using the adjustment
routine incorporated in the TSP computer programme. The

base year used is 1975.

EXCHANGE RATE

The spot exchange rate (the domestic currency
in terms of US dollars) is used. Exchange rates are
averages over the guarter for all countries.

SOURCE: IMF, International Financial Statistics,
various issues.




137

INTEREST RATE

Interest rates that are indicative of a short-
run time horizon are adopted. The Treasury Bill Rate
(the rate at which short-term government paper is issued
or traded in the market) is used for Canada, the UK and
the US, while the Call Money Rate (the rate at which
short-term borrowings are effected between financial
institutions) is used for Belgium, France, Germany,
Italy, Japan, the Netherlands and Sweden. The only
short-term rate available for Australia, Austria and
Switzerland was the short-term government bond yield.
Interest rates are averages over the quarter.

SOURCE: IMF, International Financial Statistics,
various issues.

EXPORTS AND IMPORTS

Quarterly data in US dollars on overall trade
(exports and/or imports) by countries were used. Data
are averages over the quarter.

SOURCE: OECD, Statistics of Foreign Trade,
various issues.
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PRICE OF ENERGY

The price of o0il is used as a proxy for the
price of energy. Data are averages over the guarter.

SOURCE s OECD, Main Economic Indicators,
various 1lssues.

MONEY SUPPLY

Money supply consists of the sum of money and
quasi-money. Money equals the sum of currency and
private sector aemand deposits. Quasi-money consists of
the time, savings and foreign currency deposits of
residents. All data collected are seasonally adjusted at
annual rates.

SOURCE: OECD, Main Economic Indicators,
various 1ssues.

GOVERNMENT EXPENDITURES

Data used are based on the United Nations
System of National Accounts and are also given in the

International Financial Statistics of the IMF, various

issues. Data reported there are seasonally adjusted
at annual rates, except for those of the UK, which were

adjusted accordingly. Quarterly data for Austria,
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Belgium, Italy, the Netherlands, Sweden and Switzerland
were not available. Quarterly interpolation from

annual data was performed using a quadratic interpolation
formula developed by Gandolfo (1981, pp. 114-118). The
resulting data points were also seasonally adjusted at
annual rates. Quarterly government expenditure data

for France were available only commencing in 1978. The
observations before 1978 were constructed by quarterly
interpolation from annual data.

SOURCE: IMF, International Financial Statistics,
various issues.

GROSS DOMESTIC PRODUCT

Data for the GDP reported in the International

Financial Statistics of the IMF and in the Main Economic

Indicators of the OECD are based on the UN System of
National Accounts. Data reported in those two publications
are seasonally adjusted at annual rates, except for those

of Italy and the UK, which were adjusted accordingly.

GDP data for France were available only commencing 1in

1978. The observations before 1978 and the GDP variables

of Austria, Belgium, the Netherlands, Sweden and Switzerland

were constructed by quarterly interpolation from annual
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data. Only GNP data were available for Germany on a
quarterly basis. However, GDP data were obtained by
subtracting net factor payments from abroad. Data for
Australia, Italy, the UK and Germany are taken from

the Main Economic Indicators of the OECD. Data for

Austria, Belgium, Canada, France, Japan, the Netherlands,
Sweden, Switzerland and the US are taken from the

International Financial Statistics of the IMF.

SOURCES: IMF, International Financial
Statistics, various issues.

OECD, Main Economic Indicators,
various issues.

PRICE DEFLATOR

The implicit GDP price deflators for Australia,
Canada, Germany, Italy, Japan, the UK and the US are

taken from the Main Economnic Indicators of the OECD.

The price deflator for France is obtained by dividing-
quarterly GDP data in current prices by guarterly GDP
data in constant prices. The price deflators for Austria,
Belgium, the Netherlands, Sweden and Switzerland are

constructed as follows. First, we divide annual GDP
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data in current prices by annual GDP data in constant
prices. Then, the annual GDP price deflator data are
interpolated by quarterly changes in the consumer price
index. GDP data at constant prices and the consumer

price index were obtained from the International Financial

Statistics of the IMF.

SOURCES: 1IMF, International Financial Statistics,
various issues.

OECD, Main Economic Indicators,
various issues.

CONSUMER AND WHOLESALE PRICES

Consumer price indices as reported in line
64 and wholesale price indices as reported in line 63

of the International Financial Statistics of the IMF

were used. Consumer and wholesale prices are averages

over the guarter.

SOURCE: 1IMF, International Financial
Statistics, various 1issues.




CHAPTER 5

ECONOMETRIC ESTIMATION OF THE MODEL

5.1 INTRODUCTION

The next task is to estimate the model.
The model is estimated as a system of equations using
Zellner's seemingly unrelated regression method.

Both restricted and unrestricted estimates
of the model are reported and the proposition that
P.P.P. holds is tested, using the log-likelihood ratio
test. The validity of the assumption that the domestic
and foreign coefficients are equal {(apart from sign)
is subsegquently addressed. Conclusions relating to the
notion of overshooting can easily be derivea from the

estimates.

5.2 METHOD OF ESTIMATION

To estimate the model guarterly time series
data for France, Germany, Japan, the UK, tne US and
the countries that enter the foreign aggregates for

these five are used for the period 1973I-1983II {

See Sources and Uses of Data, Appendix 4C, for
more details.
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Given the treatment of expectations of the
previous chapter, the reduced form equations (3.15),
{3.16a), (3.16b), (3.17a), (3.17p), (3.18a), and
(3.18b) can be estimated with a single-equation
estimation technique. However, Zellner's (1962)
seemingly unrelated regression procedure is used for
two basic reasons:

First, there is evidence that the errors
are strongly correlated across equations. Inspection
of the reducea form eguations indicates that many error
terms are common across eqguations % Another indication
is the correlation among the individual error terms of

the structural equations via the adding up constraints

L 1

]
-+ + = 1 + + — L .
Uy uZt wt 0 and ult u2t wt 0, which were
discussed in chapter 3. Furthermore, equations like
A rB = E e e that link the markets between
T t tSt+1 gr Whe :

the domestic and the forelgn countries (or between the
endogenous variables) make the correlation even stronger
among the equations.

On the empirical side, preliminary estimation

The error terms have been carried from the structural
to the reduced form equations through the substitu-
tions performed when solving for the endogenous
variables.
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by ordinary least-syguares redression gave rather

poor results. The standarau errors of individual
coefficients were far more satisfactory with Zellner's
method, though the differences in the magnitudes of the
coefficients were small.

Some equations had to be correctea for
first-order serial correlation. The result was that
the statistics of the rest of the equations of the
system were affected due to the contemporaneous
correlation of tne errors.

Secondly, Zellner's seemingly unrelatea
regression procedure is asymptotically equivalent to a
maximum likelihood estimation procedure ana the log-
likelihood ratio can be used to test tne restrictions of
the model. Since the nomogeneity restrictions nold
for the whole system, i1t is reasonable to test for tnem
with a simultanecus eguations system method.

Estimation with time series data 1s freguently
subject to the problem of autocorrelation of eguation
errors. This 1s particularly true with quarterly data.
Corrections for autocorrelation are made wherever it 1is
necessary. fHowever, a word of caution applies nere,
since the errors are contemporaneously correlated as

well. The fact that the DW statistic is 1low in one
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eguation does not necessarily imply that the source
of autocorrelation is in that particular equation.
Thus, after considerable exporimentation, we end up
with the results presented in Tables 5.1, 5.2, 5.3,
5.4, and 5.5.

The correction for autocorrelation substan-
tially improved the results in the case of France.
The correction was performed in two stages. First, a
simple ordinary least square regression corrected for
serial correlation with the Cochrane-Orcutt iterative
procedure was performed. Then the estimated first-
order autocorrelation coefficient (p) was used to
transform the variables to quasi-first-differences for
the particular equation for which p nas been estimated.
Finally, the whole system was estimated with the seemingly
unrelatea regression method and the transformed equations
to the original form. The transformed eguations are
tne French domestic ana foreign output eguations and
the FPrench c¢xchange rate equation.

In some cases a time trend variable (TIME)
was adaea. It improves the fit considerably and tests

as hiyhly significant. Moreover, the DW statistics

were substantially improved. The time trend was added
to Germany's and the UK's domestic and foreign interest

rate equations, Japan's aomestic interest rate equation
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and the US's domestic output and domestic ana foreign

interest rate equations.

5.3 ESTIMATION RESULTS AND INTERPRETATION

In this section estimates of the model,
consisting of equations (3.15), (3.1l6a), (3.1l6b),
(3.17a), (3.17b), (3.1l&a), and (3.18b), are given.

An attempt also is made to provide an economic
rationale for tne econometric results.

Tables 5.1, 5.2, 5.3, 5.4, ana 5.5 present
the model estimation results for France, Germany,
Japan, the UK and the US, with no restrictions imposea.
=2 . . A .

'ne R, DW and SE statistics that appear i1n the tables
have already been definea. The names of the variables
have also been defined. All variables contalined in the
first column of the tables are exogenous. The estimated
first-order autocorrelation coefficient is representeu
by .+ and the value in brackets under 1t is 1ts
corresponding asymptotic standard ervor. L 1s the

. , . 2 .
log-iikelihooa function of the system and x 1s the
Chi-sguare statistic of the system. The number in

parentheses after x2 stands for the degrees of freedom

of the system.
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TABLLE 5.1

SEEMINGLY UNRELATED REGRESSTON ESTIMATES OF THLE UNRESTRICTED MODEL FOR FRANCL
:\,P L anatory ENDOGENOUS ]
i b Y FEY R T Y e T TR
Variables \t I\It I}t I}Rtv‘u___llt+l ll{gfl _#Eifﬁi_
Constant 2549 . 0942 -. 06234 0402 2. 7553 -.5303 5.04553
{(.0886) (.0919) (.5732) {.3959) (1.1785) (.4692) (.081%)
FPt -.3315 -. 0881 -.8175 ~. 7339 -. 2901 -. 0195 L4597
(. 2040) (.1756) (.3860) (.20628) (.1767) (.0733) {.9070)
FhPt -. 7837 -1.5577 -3.0772 -2, 440606 -. 8457 1868 1.2480
(.4685) (.3997) {.5071) {.3470) {.3034) {.123)) {1.877)
FMt 1955 L1707 -. 1905 L3308 U377 -.0128 1. 0065
(.1175) (.0990) (.1989 (.1357) {0935 {0581 {4954
FFMt 172 L7075 L1158 -.0582 -.0139 L0887 -1.27a5
{1077 {.0877) 1122) (.0765) {0678 ENVICR Iy COATS1
FGt 8224 -.0727 -.0492 -. 2417 V375 -, 0354 4547
(.1100} (.0989) (.1952) (.1326) {.104d8) (Lud0Y) L. Y88
FG -. 1709 -, 0057 ~. 2595 ~. 2547 -. 1186 - 0ua7T - . 4960
{.1595) (.1328) (.2157) (.14d41) (.0814) (.0358) {.06552
FXPt L0897 -. 0259 1.0376 1.0139 . 869 L0589 -, 5674
{.1750)} {.1494) (.3077) {.2115) [.15906) (.00680) P ]
PFXPt 020 .9350 2.8829 1.9554 . 30638 3972 -1.2572
(.5200 (.4420) (.5532) {.3688) .01l T4o5  (Z2.0216
FXLT o4 L0255 05341 -.0112 L0020 L0513 1106
U 1. 0208 L U570 L0401 (. 02350) D099 ) L2381y
wupt L0404
A
Fiotb, L0BUE
{ ey
TIML 014y - 00
e S ATS V12T B Lo U R
_%,\Llfl ICs
=2
R 9773 L9282 L7715 L8071 . 9996 L9999 L8734
Div 1.9040 1.71061 1. 1484 1.0578 2.1194 2.4651 1.9587
SE IV L0070 L0130 L0092 . D050 L0021 L0349
L8342 L771A L5728
{.0861) (.0995. (. 12300
System's Statistics: L= 908,07, 7(67) = 815,01
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TABLE 5.2

SEEMINGLY UNRELATED REGRLSSION ESTIMATES OF 'THE UNRESTRICTED MODEL FOKR

GERMANY
Explanatory ENDOGENOUS _ A
. GY GFY 3 3F p P e
Variables t F t GRt GlRt bit+1 CF}t+l bILt
Constant L9341 1.8402 4.1270 L0712 -.2494 . 4448 2.6759
(.8636) (.3768) (.9671) {.8489) (.3635) (.3749) {.4085)
GPt -35.3022 -.9794 -2.8125 -2.4498 -. 4089 L1142 -. 2845
(.5640) (.24061) (.4833) (.3014) {.1885) {.2033) {.3059)
GFPt -. 1044 -.50853 .3785 .2941 L5191 L7167 L3508
(.23857) (.1240) {.2590) (.2023) (. 0927T) (L0785 [.1550)
GMt . 7290 L0200 -. 1302 -.0111 . U555 .Lus2 J16l3
{.0713) {.0311) {.0018) . 0307 (.0208) (.0109) .0387
GFMt . 1010 L6409 L0443 ooy -. U255 - U125 U588
(.1577) {-0683) (.1408) {.1091) (.0500) (. 0457) {.0355)
GGt -.0034 ~. 0068 L0052 -.0ul2 L0063 -.00353 -.0081
{.0229) {.0099) (.0190) {.0138) (.0062) (.0048) {(.0124)
GFGt L4037 L3677 L2385 -. 2081 14740 LJI2s -. 3003
(.3145) (.1572) (.2018) (.1905) (.0857) (.0656) (.1706)
GXPt 2.0750 .5040 1.8836 2.2194 1.0919 .0564 -.0145
(.4564) (-1991) (.3885) (.2887) (.1737) (.1976) (.2476)
GFXPt .0508 . 09838 -.00164 L0094 -.0359 -. 0081 -. 1736
(.1029) (.0449) (.0858) (.0625) (.0275) (.0212) {.0558)
GXEt L1871 . 0046 -. 3051 -.2002 L1420 -. 00062 .4185
(.1854) (.0800) (.1531) (.1117) {.0392) (.0384) {0995,
GOP U023
(. 0050
GFOl‘t JURD2
cL O
TIME L0065 - 0057 - 0020 RUURTS
Sy L 00sh) 00T teus)
STATISTICS
D
R” .9886 .9923 L7055 L7582 . 9985 . 9998 . 98306
DW 1.2529 1.1514 1.2994 1.28906 1.8619 2.3537 1.7510
Sk L0172 L0075 L0143 L0104 L0045 .0U 35 . 00953

Svstem's Statistics: L = 1040.0, xT(09) = 9di.01
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TABLE 5.5

SEEMINGLY UNRELATED REGRESSION ESTIMATES OF THE UNRESTRICTED MODEL FOR JAPAN

Explanatory ENDOGENOUS
Variables JYt JFYt JRt JFRt th+1 JFPt+l JFI:t
Constant 3.3924 -.4239 1.4471 -2.53606 1.010 L0084 -4.0076
{.9195) (.9726) (1.1985) (1.2878) {.9385) (.5717) (.1609)
JP( -.5910 -. 3057 -3.3375 -1.5662 -.3691 -. 15506 L1038
{.4564) (.4828) (.4580) (.6393) {.3452) (.2335) (.0799)
JFPt -. 3540 -.5437 -1.7798 -.1923 -.3405 L2651 L0138
(.68006) (.7200) (.6414) (.9533) (.4507) {.2958) (.1191)
JMt .9074 . 1491 -.1694 L0410 L0602 -.0172 . 1385
{.0501) {(.5308) (.0475) (.0702) {.0356) (.0219) (.0878)
JFMt -. 30602 L4562 -.0949 -.1488 -. 2094 -.0761 -. 0695
{.1100) (.11637) (.1169) (.1540) {.1205) {.0648) (.0192)
JGt L0895 -.0935 .0722 L0121 -.0722 L0527 L0403
(.0444) (.04706) (.0422 (.0623) (.0295) {.0190) {.0077)
.JFGt . 3034 L6306 L9651 L2448 . 1560 . 0669 -.0411
(.1120) (.11853) (.1173) (.1569) (.1288) {(.0702) (.0196)
JXPt L1559 .1820 3.7062 1.5265 1.4513 . 24354 -.1425
{.5207) {.5571) {.5195) (.7377) {.3953) (.2630) {.0922
JFXPt L2693 -.0411 2.1611 L4609 L4700 L4012 -. 0814
(.6872) (.7209) (.6692) (.9624) (.4966) (.314d6 (.1203)
IXEt L5206 -, 534006 L0953 -.4239 L2052 -.2084 L0651
(.1946) {.2058) {.1835) (.27206) (.1311) (.0846) {.0340)
JOPt .0876
[.0104)
JFOPt .0214
(.0095)
TIME . 0086 L0111 {.0007)
o N (.0U37) (.0031)_ (.0018) o
éléTISTICS
ﬁz .9978 9303 8423 . 7255 L9977 L9996 9950
DW 1.6573 1.1991 1.1772 . 9099 2.1000 2.4175 1.2485
SE . 0101 0107 0949 .0141 . 0005 .0045 L0017
el
System's Statistics: L = 1091.2, ¥“(68) = 1013.6



150

TABLE 5.4

SEEMINGLY UNRELATED REGRESSION ESTIMATES OF THE UNRESTRICTED MODEL FOR [lE U.K.

Explanatory

Variables h\[t
Constant 6.3231
(2.3759)
EPt -. 3626
(.5821)
EFPt 4,5142
{2.5001)
EM L9652
(.2088)
EFMt -. 1587
(.3337)
EGt . 3075
(.1868)
EFGt L1758
(.4968)
EXPt L6815
(.7496)
EFXPt -6.2457
(2.52653)
EXEt -.4667
(.3018)
EOPt
EFOPt
TIME
STATISTICS
=2
R L9624
D 1.7362
SE L0234

System's Statistics:

hFYt ) bRt EFRt Ept+l EPPt+l EFEt
1.5348 2.4096 -2.3120 1.7636 . 8818 . 3490
(.9523) (2.6152) (1.5584) (1.6840) (.3946) (.8182)
-~.1104 -. 2902 -.0878 .0598 -.0203 L0980
(.2332) {(.4047) {.2432) {.2457) .0513) .2004)
-.2574 -4.0804 -1.1442 L7767 -.1378 .5902
(.0045) (1.8249) (1.0954) (1.1958) (.2443) .8631)
L0575 -.2972 . 0739 L1645 -.0162 .3814
{.0837) {.1462) {-0878) {.0887) (.0185) (.0719)
. 8055 -. 2850 . 1665 -.1301 .01483 L1735
(.13537) (.2751) (.10406) (.1796) (.0378) (.1149)
L0272 . 1708 .0081 L2199 L0141 L0711
(.0743) {.1290) (.G775) (.0780) (.0162) .0643)
-.0442 L1758 ~-. 4267 -.0477 -.0608 . 2880
(.1992) (.3747) (.2247) (.2437) (.0495) (.1711)
L3317 .5848 L3122 .9603 . 0844 . 0869
(.3004) (.5220) (.3137) (.3222) {.0601) .2581)
-. 9485 3.9889 1.1442 -.7142 .6501 1.1816
(1.0126) (1.7706) (1.0639) (1.1160) (.2408) (.8700)
L0840 L5384 L1544 -. 0055 L0219 L1516
{.1209) (. 2078) {.1249) {.1257) (.0260) .1039)
L0459
(. 0559
L0185
‘ { .0053)
L0218 -. 0091 L0084 . 0035
(.0084)  (.0049)  (.0056) (-V013) -
.9907 . 59453 L7828 9692 9999 9721
1.0510 9632 L9068 1.6385 2.2459 3126
. 0094 L0161 L0087 L0097 0020 L0080
2
L = 998.30, x7(0vyy = 945.15
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TABLE 5.5

SEEMINGLY UNRELATED REGRESSION ESTIMATES OF THE UNRESTRICTED MODEL FOR THE U.S.

Explanatory ENDOGENOUS -
-~ o 3 up p B
Variables UYt U1~Yt URt UIRt }t+l UHt+l UILt
Constant -2.1045 2.0600 -9.20068 -3.3314 1.1854 -.1892 4.0139
{1.9372) (.4816) (1.7052) (1.0073) (.6772) (.4290) (.2764)
UPt -.0871 -.8528 .1584 -. 8695 .6304 .1951 L7579
(1.0042) (.06045) (.8524) (.4503) (.3087; (.2063) (.3470)
UFPt -.0659 1.1267 -1.3256 -.1671 -.6879 .0959 -. 06534
(1.1784) (.7135) (.9996) (.5271) {.3521) (.2120) (.4095
UMt . 2807 -.0962 .6l61 -. 0659 .0508 L0379 . 2604
{.2051) (.1079) (.1759) {.0963) (.00656) (.0409) {.0019)
UH\It . 7546 . 7875 . 1851 .1759 .0915 .0365 -.2429
(.106006) (.0934) (.1367) (.0750) (.0489) (.0304) {.0536)
UGt L1558 -.0298 -.1148 -.285U -.1622 -.0814 -.00690
[.1959) (.1170) (.1604) (.0881) (.0589) {.0351) (.0671)
UFGt -.7514 L0229 -.1932 -.2597 L0143 -.0303 -.0226
(.1708) (.1026) (.1505) (.0804) (.0535) {.0318) (.0583)
UXPt .5332 1.5578 .6783 1.5742 . 1820 -. 1040 .9253
{1.068) (.6473) {.5059) (.4775) (.3377) (.2247) (.3715)
UFXPt -. 3698 -2.4031 1.2910 . 2740 .4944 . 82606 .8973
{1.1949) (.7248)y (1.10136) (.5342) {.3545) {.2095) (.4160)
UXL?‘L -. 3132 -.20607 .1536 -.00648 .0258 -. 0082 L0004
(.1678) (.1013) (.1424) {.0751) (.0507) (.2970) {.0581)
UOPt L0513
{.0103)
UFOPt 0157
{0151
TIME - .0103 L0352 -. 0153 L0584 - .uull
{.0074) o {.00060) (.0039) (0027} (.OUl7) B
STATISTICS
_D
R™ L9657 L9954 . 8465 L9239 L9997 L9999 L9796
Dw L9759 1.5986 1.9410 1.1875 2.4797 1.4102 1.9172
SE L0132 .0080 L0111 .0059 L0038 L0025 L0045

5
System's Statistics: L = 1125.0, XT(70) = 967.74
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The equations generally fit the data very
well. The poorest fit appears to be in the interest
rate equations for all countries considered, which is
not surprising, given the continuous intervention of

central banks to adjust interest rates during the sample

period3. The DW statistics are satisfactory, except
only for the domestic and foreign interest rate
equations of Japan and the UK, and the domestic output
equation of the US, for which there was no room for
additional improvement owing to a very poor fit of the
above five equations when a correction for auto-
correlation was applied. Therefore, only the French
domestic and foreign output equations and the French
exchange rate eguations were corrected for autocorrelation.
Money supplies (either domestic or foreign)
are the most significant variables for all countries and
in most equations, which is in accordance with the
literature of the modern approach to exchange rate
determination and with the monetarist nature of the model.

However, overshooting is notthe case, as it is in the

3 An additional reason could be the validity of the

maintained hypothesis of interest rate parity.
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rest of the literature, in which only small country
models have been tested. Only in the case of France,
the coefficients of domestic and forelgn money supply
in the exchange rate equation are slightly greater than
unity, indicating that overshooting can occur either
from an increase in domestic or foreign money supply.

Particularly, surprising 1s the case of
Germany, for which previous studies have gilven a
rather high money supply coefficient. In our case,
however, there is clearly undershooting. This 1s in
accordance with the theory.

Government expenditure variables have been
completely neglected in previous empirical work. An
inspection of the estimates presented here indicates
that, although they are not as significant as money
supplies, they fit well into the model and improve its
explanatory power. This 1s in accordance with Dorn-
busch's (1982, p. 112) suygestion that fiscal anc
monetary disturbances should be present in any model
based on the asset market approach for determining the
exchange rate.

A feature that may lcocok puzzling is that, in
some cases, the coefficient of a foreign variable 1is

more significant than the coefficient of the corresponding
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domestic variable. But in fact, this is not surprising,
given that the western industrial economies have become
more open to foreign trade in the last twenty years ana
that the model allows for the endogeneity of foreign
variables. McKinnon's analysis (1982, pp. 320-24) supports
strongly the above point. "The world money supply
exploded in 1971-72 and again in 1977-78 (well before
the two 0il crises of 1973 and 1979). Even for the US
itself this measure of changes in the world money supply
explains the great (dollar) price inflations of 1973-74
and 1979-80 much better than does any American monetary
aggregate... Growth in the world money supply is a
better predictor of American price inflation than is US

money growth.”

The signs of some coefficients are not as
expected. In particular, the French foreign government
expenditure, the German price level, government
expendlture, expected exchange rate and foreign
expected price and the UK foreign government expenaiture
variables enter with negative signs in the equations
for French foreign aggregate aemand, the German exchange
rate, aggregate demand, interest rate and foreign

price and the UK foreign aggregate demand, respectively.



Furthermore, the UK expected exchange rate
enters with a positive sign in the UK foreign interest
rate equation. Notice, however, that all of the above
coefficients are insignificant at any conventional
test level. One should also be aware that a high
degree of multicollinearity 1s present in most of the
equations which include money, prices and expected
prices, both domestic and foreign.

Domestic expected price enters with a negative
sign in the exchange rate equations for France, Germany,
and Japan, but the coefficients are insignificant.

The importance of expected domestic prices is reduced
because domestic prices already include a portion of

the potential influence of domestic expected prices on
the exchange rate. Interventions in the exchange
markets and the participation of European countries in
the EEC could be additional reasons for the above result.

The rest of the coefficients can be explained
directly with the model. Some channels not apparent in
a small country model, or in a model without any expecta-
tions, are explained below. The interpretation should
take into account the short-run nature of the analysis.

In the Mundell-Flemming model an increase in



the domestic price level unambiguously increases
interest rates. Given the dynamics already described
(overshooting is not a necessary phenomenon), an
increase of the domestic price level can be accompanied
by either depreciating or appreciating currency.
Interest rate parity 1mplies that low interest rates

are associated with appreciating currencies, and vice

versa. Thus, both a positive and a negative coeffi-
cient of the domestic price variable in the domestic
interest rate equations are equally acceptable.

The expecteda excinange rate affects positively
the French and the UK foreign prices. This can be
justified again with tne help of the interest rate
parity condition. An increase of the expected exchange
rate (expected depreciation) implies a decrease of the
foreign interest rate, wnich will stimulate foreign
aggregate demand, and thus cause the foreign price level
to increase. The same reasoning, but in the opposite
direction, justifies the negative sign of the expectea
exchange rate in the UK domestic price eqguation.

The expected exchange rate enters with a
negative sign in the UK and the US aggregate demand
equations. When there is a depreciation, aggregate

demand usually expands. But when there is an expectation
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of depreciation, domestic interest rates will increase
and aggregate demand will decrease. The same argument,
but in the opposite direction, applies to the positive
sign of the expected exchange rate in the German and the
UK foreign aggregate demand equations.

Foreign expected price has a negative sign in
the Japanese, the UK and the US foreign aggregate demand
equations. A possible explanation is that, as foreign
expected price increases, the expected exchange rate
appreciates, which leads to an increase of the foreign
interest rate and hence to a uecrease of foreign aggre-
gate demand.

The effect of money supply on the interest
rate 1s not clear. 1In the standard IS-LM macroeconomic
framework, an increase of money supply leads to an
unambiguous decrease of the interest rate. The ambiguity
arises for two reasons in the present model: First,
there is the Fisher effect; the increase of money
supply creates inflationary expectations which can
force the interest rate to increase. Secona, output 1s
not fixed at the full employment level, and in the
short-run output expansion may raise money demand
sufficiently that the interest rate may actually increase.

Consequently, it is not inconsistent for some countries
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to have positive and some negative coefficients of

money supply in their interest rate equations.

5.4 TESTING WITH THE MODEL

The validity of P.P.P. can be tested by
imposing the long-run homogeneity restrictions.
Tables 5.6, 5.7, 5.8 and 5.9 and 5.10 represent the
estimated model for France, Germany, Japan, the UK and
the US, respectively, when the long-run homogeneity
restrictions implied by the model have been imposed.
Thus, equations (3.15), (3.1lé6a), (3.leb), (3.17a), (3.17b)
(3.18a), and (3.18b) are estimated, by the method of
seemingly unrelated regression, subject to the restric-
tions (3.15.1), (3.1éal), (3.16bl), (3.17al), (3.17bl),
(3.18al), and (3.18bl). The imposition of the
restrictions changes some coefficients considerably and
some of the signs are reversed. However, overshooting
does not occur even in the restricted model in which
P.P.P. has been imposed except for France.

The restrictions are tested using the
log—likelihood ratio principle. Table 5.11 presents the

log-likelihood functions for both the unrestricted form
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SEEMINGLY UNRELATED REGRESSION ESTIMATES OF THE RESTRICTED MODEIL FOR FRANCE

{(HOMOGENELITY RESTRICTIONS IMPOSED)

Explanatory — ENDOGENOUS
Variables / P\t FPYt PRt F}Rt Fpt+l FFpt+l ;’~th )
Constant L0282 L2578 L0625 .4581 -.1474 -. 3666 5.0865
{.0102) (.0639) (.4768) (.3202) (.20062) (.0792) (.3920)
Fpt -.2424 .03574 -.4477 -.5320 -.2351 -. 0204 03503
(.1966)  (.1058)  (.3483)  (.2316)  (.1848)  (.0740)  1.8044}
FFPt -.2711 ~-1.1386 -2.60206 -2.1627 -.4551 L4760 5040
(.4563)  (.3716)  (.4638)  (.3099)  (.2997)  (.1239) (1.732
FMt 1447 . 1096 -.1215 L2598 L0947 -, 01060 1.0930
(.1175) (.1004) (.1999) {.1335) {.0921) (.0341y (.4841)
FFMT L2114 L6484 -.0072 -.1204 . 1048 L0643 U.9913
(\1112)  (.0856)  (.0988)  (.0658)  (.0464)  (.0246;  {.3820)
FGt . 8365 -.0451 L0480 -.1628 -.0246 -.0316 3078
(.1171) (.1025) (.1970) (.1305) (.0993) {.03260 49640
FFGt ~-.1176 L1665 . 0269 -.0830 -.1594 L0170 -1. 1003
(.1518)  (.1137) (.1641)  (.1088)  (.0838)  (.0354)  (.5301,
FXPt L0208 L0440 . 8340 L9010 1.0774 L0617 -.3531
(.1883)  (.1530)  (.2994)  (.2007)  (.1260)  (.0544) L 7267)
FFXPt L1365 . 2989 2. 3552 1.6545 .5044 L4090 L2170
(.4590)  (.3496)  (.4827)  (.3215)  (.3170)  (.1499) {1.6150,
FXEt .0383 . 0081 . 0040 -.0327 .0141 L0302 -. 0474
{.0324) (.02064) .0582 (.0394) (.0239) (.0100} (.1247;
FOPt -, 0058
(.0185)
PFOPt U257
(.0077,
TIML 0015 -.0007
e o L {.0005) (.0003) -
STATISTICS
R” L9700 L9281 L7509 L7980 L9996 . 9999 3100
DW [.8363 1.6319 1.1394 1.0271 1.9729 2.3747 2.0528
SE L0095 L0078 .0136 L0094 .0053 L0021 0358
P = 19697 . 7600 0823
(.0381) (.1015) (.1110)
P
System's Statistics: L = 953.05, y~ (60) = 832.66
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TABLE

5.7

SEEMINGLY UNRLLATED REGRESSION ESTIMATES OF THE RESTRICTED MODEL FOR GERMANY
(HIOMOGENEITY RESTRICTIONS IMPOSED)

Explanatory ENDODENOUS o
Yariables bYt bFYt GRt GFRt th+1 GFPt+l bkhgﬂﬁ
Constant L2272 1.4901 1.9924 1.6814 -1.0954 L1132 2.7771
(.8497)  (.3765)  (.8419)  (.5482)  (.2845)  (.2299)  (.4373)
GPt -2.7427 -.7022 ~-2.4907 -2.0659 -.7283 L1233 -. 306406
(.5341)  (.2366)  (.5184)  (.3262)  (.2086)  (.2045)  (.2749)
GFPt -. 0759 -.7929 L0157 -. 0585 .5547 .6949 4190
(.1282)  (.0568)  (.1945)  (.1750)  (.0856)  (.0782)  (.0060)
GMt .3042 L0573 -.0910 . 0454 -.0923 L0095 . 1505
(L0bbd)  (.2944)  (.0654)  (.0421)  (.0222)  (.0170)  (.0342;
GFMt . 3086 . 7735 .4300 L0331 -. 0008 L0366 U005
’ (.1076)  (.0477)  (.0997)  (.0570)  (.0432)  (.0262)  1.0554"
GGt -. U006U -. 0081 .0031 -.0023 L0084 -.0034 - 0077
(.0242)  (.0l107)  (.0223)  (.1269)  (.0072)  (.0049)  [.0l.d;
GFG -. 1917 .0727 -.53920 ~. 2069 .2202 -.0568 -, 2149
(.1738)  (.0770)  (.1819)  (.1278)  (.0717)  (.0527)  (.0894)
GXP 2.0921 L5151 2.0797 2.0054 1.3127 .0934 -.0107
(.4830)  (.2140)  (.4487)  (.2583)  (.19424) (.1997;  (.2486)
GFXP L1566 .1512 .0582 .0702 -.0429 . 0056 -.1887
(.0966)  (.0428)  (.0901)  (.0523)  (.0289)  (.0201)  (.0497)
GXEt -. 0670 -.1212 -.5330 -. 2694 .1852 -.0296 L4549
(L1517)  (.0072)  (.1478)  (.0093)  (.0488)  (.0379)  (.07807)
GOPt -.0028
(.0067)
GFOPt L0314
{.0188)
TIME -. 0001V L0044 -. 0069 L0024
. .0o019)  (.0020) (.0009) (.voloy
STATISTICS
R” .9872 L9912 .5956 . 7969 . 9980 .9998 9835
DW 1.0308 1.0978 L9914 1.3107 1.54601 2.5351 1.8334
SE .0183 L0081 .0168 .0095 . 0052 . 0036 0094
>
System's Statistics: L = 1022.2, x7(62) = 900.37
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TABLE 5.8

ESTIMATES OF THE RESTRICTED MODEL FOR JAPAN

RESTRICTIONS IMPOSED)

Explanatory ENDOGENOUS -
Variables JYt JP\t FRt JFRt JPt+l JPPt+1 JFEt
Constant 3.3901 -.7416 1.0547 ~-2.1618 1.1469 -, 8000 -4.1218
(.8937) (.9673) (.8629) (1.2749) (.6339) (.4098) (.17300)
JPt -.5952 -.8925 -3.8469 -.8737 -.4669 -.3951 -. 10707
(.2213) (.2390) (.3078) (.3157) (.2627) (.1857) {.0428)
JFPt -. 3599 -1.3587 -2.4597 . 7694 -.5207 L1550 -.2791
{.3948) (.4273) (.5179) (.5632) (.3972) (.2629) (-0704)
JMt L9075 .1386 1771 . 0539 L0625 -.0077 L1547
{.0496) (.0537) (.0482) (.0708) (.3570) (.0229) (.0090)
JFMt -.36053 L4415 -.6985 -.1313 -.2260 L0393 -.0747
L1095 (.1185) {(.1073) (.1562) {.1131) {.00656) {.0212)
JGt .0895 -.0898 L0745 L0077 -.0698 L0445 L0416
{.0444) (.0480) (.0428) {.0633) (.0295) (.0204) {.0085)
JFGt L3033 L6225 .9483 L2543 L1663 -.0504 -.0440
(.1119) (.121) {.1081) {.1596) {.1220) (.0724) {.0216)
JXPt .1390 . 8851 4,.35112 .6968 1.5394 L4771 L1102
(.2204) (.2385) (.3470) (.3144) (.3087) (.2085) (.0426)
JFXPt L2752 . 7860 2.8711 -.5151 L6206 L7037 L2159
(.3944) (.4269) {.5002) (.5626) (.4080) (.2570) {.0763)
JXEt .5268 -.3197 L1147 -.4485 L2062 -,1798 L0725
(.1941) (.2101) {(.1870) (.2769) (.1317) (.0888) (.0375)
.]OPt -.0086
{.0165)
JFOPt 0276
(.0105)
TIME . 0080 L0020 . 0002
- (.0009) (.0010) (.0006) o
STATISTICS
-0
R” L9978 .9794 . 8344 L6527 .9877 .9996 9938
pW 1.6575 1.2057 1.2428 L9778 2.1100 2.5693 1.4227
SL L0101 .0109 .0972 .0144 . 0066 . 0046 L0019

System's Statistics:

L

,
= 1074.1, x (61) =

979.41
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TABLE 5.9
SEEMINGLY UNRELATED REGRESSION ESTIMATES OF MIE RESTRICTED MODEL FFOR THL: U.K.
(HOMOGENETTY RESTRICTIONS IMPOSED)
Explanatory T ENDOGENOUS
) - Y B P ha ol e
variables E\t EFYt ERt EFRt L[t+l EHt+l hPEt
Constant 1.6627 . 3996 -2.1567 .1070 L7213 -.1590 . 8280
{1.5041) (.5736) (1.0251) (.6311) {.6271) {.1513) .5146)
EPt . 2604 .0146 -.2284 -.1971 .0249 L0313 .53019
(.5592) (.2132) (.3748) (.2313) (.2287) {.0547) .1913)
EFPt 3.8322 -.3943  -3.0445 -1.6891 1.3959 -.0571 L3076
] 12.6642) (1.0161 (1.7317) (1.0737) (1.1001) (.2637) .9116)
EM . 50065 .9489 -.16006 -.0427 -.0850 -.0212 L2317
{.0901) (.0646) (.1234) .0904) (.0762) {.0201) .0329)
1FMt .5560 -.0344 .0007 -.0427 -.1103 L0869 .0597
(.1695) (.0366) (.1514) (.0904) (.1237) (.0259) .0579)
EGt L7176 . 1094 .0819 -.0132 L1591 .0245 .2049
(.0861) (.0328) (.1069) (.0624) (.006061) (.07748) .0294)
EFG, -.7505  -.2300  -.0845  -.1984  -.0385 = -.1433 L5903
L3415 (.1302) (.20649) (.1604) {.1946) (.0414) L1168,
EXPt -.5034 .0939 .5460 .4894 1.0547 L0071 . 2996
(.6097) (.2325) (.4512) (.2747) {.2863) (.0167) .2080)
EFXPt -4.6517 -.6287 2.886 1.3562 -1.2256 .9451 L6613
(2.6101) (.9955) (1.7241) (1.0664) (1.0735) (.20691) (.8931)
EXEr ~. 1220 .1537 .5147 .09656 -.0417 L0563 L0193
(.2851) (.1087) {.1951) (.1200) (.1184) (.0287) .0975)
EOPt -. 0540
{.0545)
EFOPt L0078
(.0054)
TIME .0u02 -. 0007 L0013 -. 0005
o - (.0026) (.0015) (.00l6)  (.0004) L
STNTISTICS
-2
R™ .9570 .9904 .5036 L7715 .999C L9999 9085
Div 1.4052 . 9954 .7587 L9270 1.5581 1.7705 2387
SE L0251 . 0095 0160 .0099 .0096 L0022 .0085
2
System's Statistics: L = 980.10, x (62) = 918.75
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TABLE 5.10
SEEMINGLY UNRELATED REGRESSION ESTIMATES OF THE RESTRICTED MODEL FOR THE U.S.
(HOMOGENEITY RESTRICTIONS IMPOSLED) o
Explanatory ENDOGENOUS -
Variables Ut UPYt URt B UFRt UPt+l Uth+l Uktt
Constant . 2455 1.5690 -53.3201 .5557 -.8933 -.1992 5.5466
(1.0410) (.4282) (L.0143) (.5727) (.3599) (.2032) (.20629)
UPt 1.4838 -.2821 1.3465 -.4784 .9919 . 3199 1.2945
(1.0993) (.5541) (1.0298) (.5538) (.3419) (.2051) (.3402)
UFPt -2.5336 .4120 ~3.7438 -1.2256 -.9434 -.0835 -1.3254
{1.2696) (.6415) (1.1886) (.6387) (.3813) (.2078) (.3938)
UMt .5402 .0547 .6403  -.1398 .2188 0675 L4025
(.1873) (.0790) (.1817) (.1021) (.00668) {.0385) (.0485)
UFMt . 2804 L0783 -.3294 -.0748 -.00US .0us2 -. 5151
(.1577) (.07806] (.1481) (.0799) (.0503) (.0292) (.0482;
UGt L4508 L0915 .1021 ~.22306 -.00652 -.0528 L0449
(.2102) (.1038) (.1979) (.1071) {.0039) (.0347) (.0637)
UFGt -.1277 .1801 .4890 . 0650 .0405 L0126 L1252
(.1530) (.0669) (.1475) (.0823) (.0511) {.0278) (.0411)
UXPt -1.6915 .8214 -1.2823 . 7960 -.1492 -.3293 1.5989
(1.1362) (.5588) (1.0705) (.5801) (.3636) (.2170) {.3431)
UFXPt 1.9206 -1.6850 3.3693 1.1227 . 8560 1.0057 1.5725
(1.2982) (.6540) (1.2162) (.0541) (.3902) (.2109) (.40161)
UXEt L0203 -.1463 L4264 .0348 .0923 .U189 L1679
(.1778) (.0860) (.1679) (.0912) (.0552) (.0291) (.0532)
UOPt L0263
{(.0107)
UFOPt L0145
{.0119
IME L0003 L0041 .0037 -.0019 -. 0006
I e Y B (.0U15)  (.0009)  (.0006)  (.0004y
STATISTICS
—7
R” L9497 .99149 7490 L8767 .9996 9999 9745
DW . 8064 1.3049 1.4275 L6960 2.3910 1.3879 2 3795
SE . 0155 .0083 L0143 .0075 .0045 0023 L0051
System's Statistics: L = 1090.3, XZ(OSJ = 910.29



TABLE 5.11

TESTING WITH THE MODEL

P91

LOG-LIKELIHOOD FUNCTIONS LRS
Equality of Test of
Domestic and | Test of Bquality of
No Homogeneity Foreign Homogeneity Domestic and
Restrictions Restrictions Coefficients | Restrictions Foreign
Countries | Imposed Imposed Imposed Coefficients
France 969.67 958.05 826.98 23.24 281.38
Germany 1040.00 1022.20 874.02 35.60 339.96
Japan 1091.290 1074.10 907.26 34.20 367.88
UK 998.30 986.10 885.25 24.40 226.10
Us 1125.00 1096.30 979.47 57.40 291.06
CRITICAL Xz(.05,7) XZ(.05,28)

VALUES = 14.07 = 41.3
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of the model and the form in which the homogeneity
restrictions are imposed. The likelihood ratio
statistic (LRS) is computed as the difference between
the unrestricted and the restricted log-likelihood
functions multiplied by negative two:

Calculated LRS = -2/ )

LrEst ~ TunrEsT

The calculated values of the LRS for the
test of homogeneity restrictions are presented in the
fourth column of Table 5.11. The calculated LRS has
(asymptotically) a XZ distribution with seven degrees
of freedom and a critical value of 14.07 at the 5 percent
level of significance.

The calculated LRSs are all much greater than
the critical value, and hence the restrictions are
rejected. The rejection of the homogeneity restrictions
implies that P.P.P. does not hold.

The rejection of P.P.P. indicates that
nonetary models that impose directly the assumption
of P.P.P. are likely to be misspecified, especially if
they are intended to apply to recent experience. As
argued in earlier chapters previous empirical evidence

is mixed as far as the assumption of P.P.P. 1is concerned.
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Some reasons suggested for the failure of the P.P.P.
doctrine were, among others, the omission of real
variables among the explanatory variables, the lack of
any feedback effects from the rest of the world and the
use of bilateral tests. However, it is evident from
the rejection of the restrictions in the present study
that P.P.P. is unlikely to hold even in a large country
framework with a multilateral exchange rate.

A theoretical explanation for the rejection
of P.P.P. can be given in terms of what Frenkel (1981lb)
calls new information or "news". The central insight
of the modern approach to exchange rate determination
is the notion that the exchange rate can be analyzed
within a framework that is appropriate for the analysis
of asset prices. A key characteristic of the price of
an asset 1s its strong dependence on expectations. This
latter characteristic implies that during periods that

are dominated by "news," which induces frequent changes
in expectations, asset prices exhibit large fluctuations.
Since, by definition, "“"news" cannot be predicted on the
basis of past information and the exchange rates are
viewed as asset prices, by and large the fluctuations

of the exchange rates are unpredictable.

Commodity price indices are not expected to

reveal such a degree of vyolatility. As it 1s well known,
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changes in commodity prices are serially correlated
while changes in exchange rates are not (Frenkel,
1981b). The stickiness exhibited by commodity prices
need not reflect any market imperfection, rather, it

may reflect the cost of price adjustment or the

results of a confusion between permanent and transitory

shocks.
The slow adjustment of commodity prices, 1in

addition to the fact that they are less sensitive to
changes in expectations imply that when there are freguent
and significant changes in expectations, as was the
case during the 1970s, exchange rates adjust immediately
while commodity prices do not. Given this perspective,
the volatility of exchange rates and the associated
deviations from P.P.P. are less surprising; they
reflect the volatile character of the 1970s, wnhich
were characterized by a number of major real shocks,
including the o0il embargo, supply shocks, shifts in
demands for money, comnmodity booms and shortages, and
differential productivity growth. Furthermore, frequent
changes in expectations occurred in the 1970s, owing
to the great uncertainty about the future course of
political and economic events.

An empirical explanation can also be given
in terms of the US dollar. The US dollar exchange

rate and price index enter partially (with some weight)
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all of the constructed indices for other countries.
Although this study does not involve bilateral compari-
sons of the domestic country with the US, US variables
still play a significant role. 1In bilateral compari-
sons Frenkel (198la) has shown that when P.P.P. is
tested with reference to the US dollar it is rejected
emphatically. On the other hand, it appears to hold
when, for instance, one uses Germany as the standard
country to examine P.P.P. for France. Inspection of
the LRSs of Table 5.11 indicates that P.P.P. for the US
is strongly rejected, and that the US LRS is much
bigger than the LRSs of the European countries. If
a 1 percent test level is adopted, the critical value of
the x2 statistic is 18.48, and the homogeneity restric-
tions for France and the UK are only barely rejected.
What accounts for the vast differences in the
performance of P.P.P. among the various currencies? One
argument can be made in terms of changes 1in commercial
policies, which have been more stable within Europe
than between Europe and the US. The same applies to
the degree of intra-European flexibility of exchange
rates and the institutional agreements within Europe.
Another argument can be made in terms of the general

presumption that, because of transportation costs,
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P.P.P. 1s expected to hold better among the neighbour-
ing European countries than between any one of these
countries and the US.

It is a common practice of model builders
using the monetary approach to exchange rate determination
to assume that each explanatory variable is specified
in differenceform (for example, the logarithmic aifferences
between French and the US money supplies). Hence, a
given increase 1n each domestic variable will have the
same effect on the endogenous variable as an equivalent
decrease in the corresponding foreign variable. Here
it is argued that the empirical tests of the Dornbusch
model are inappropriate and misleading because the
explanatory variables are specified in difference form.
Such linear difference constraints are especially
dangerous because the specification bias, which in
general results from the restrictions, often leaas to
a sign reversal in a constrained coefficient. A

reversal can be more liekly, ceteris paribus, the

stronger the direct correlation between the relevant

domestic and foreign variables (Haynes and Stone, 1981).
The specification of explanatory variables

in a difference form is an attempt by researchers to

increase the efficiency of coefficient estimates by
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reducing multicollinearity at the cost of (one hopes
minimal) bias and to facilitate the manipulations of
model building. However, since the specification of
the explanatory variables in difference form can result
in substantial bias the appropriateness of the restric-
tions should be formally tested. Our estimates indicate
that, in spite of the presence of multicollinearity,
it is still possible to derive meaningful results
without imposing these constraints.

The model used is flexible enough to test
the above assumption of symmetric coefficients. The
third column of Table 5.11 gives the values of the log-
likelihood functions when the assumption of eqguality
of coefficients has been imposed, and the fifth column
gives the corresponding LRS for each country4. LRSs
far exceed the AZ critical value of 41.3 at the 5 per-
cent test level. Thus, the assumption of the equality
of the coefficients of the domestic and foreign variables
cannot be accepted. This 1is in accordance with the
findings of Driskill and Sheffrin (1981), the only

study that addresses this question.

4 All restrictions were also tested with an F-test

and similar conclusions were found to hold.
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5.5 CONCLUSIONS

The method and the results of estimation of
the model were presented for five large OECD countries.
The results were not surprising, except perhaps for
what they imply about the phenomenon of overshooting:
with the exception of France, there were no indications
of overshooting. The restrictions that imply the
validity of P.P.P. were not supported by the results.
Finally, the assumption used by various writers that
domestic and foreign variables enter the equations with
coefficients that are equal but of opposite sign was
strongly rejected.

The results of a simulation based on the
estimated model are provided in the next chapter, the aim
being to see how well the model as a whole tracks the
actual historical data over time. Simulated values
of some of the endogenous variables allow us to
calculate the real exchange rate and to examine how it

behavesg dynamically.



CHAPTER 6

SIMULATION RESULTS AND THE FORECASTING ERROR OF

PURCHASING POWER PARITY

6.1 INTRODUCTION

A historical simulation -- that is, one in
which solutions of the model are computed over the
sample period -- is performed to test whether the
system of eguations, when solved dynamically, fits the
data well. The dynamic structure of the model is more
complicated than that of any of the individual equations
of which it is composed. Thus, a comparison of actual
data series with the simulated series for the various
endogenous variables is a useful way to evaluate the
entire model.

The simulated values of some of the endogenous
variables are then used to calculate the real exchange
rate, which is a measure of the predictive power of the
P.P.P. theory for a given domestic country and a given
period (relative to the base period)}. Finally, some
additional simulation experiments are performed to examine
the dynamic response of the system to various exogenous

shocks.

172
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6.2 HISTORICAL SIMULATION

The Gauss-Seidel interative technique is used
to solve the model in dynamic simulation experiments.

The estimated coefficients, the actual exogenous variables
and the observed lagged values of endogenous variables

of 19731 are used as inputs to the historical simulation
experiments. Since there is a lag of one period, the
simulation is started in 1973II. The simulation for
France is started in 1973III because the estimated model
was corrected for first-order serial correlation.

A common practice in evaluating how accurately
the model reproduces all the data series of the endogenous
variables is to report the deviation of historical
simulation values from actual values, expressed either in
absolute units or percentage terms, on a quarter-to-
gquarter basis throughout the sample period.

The following statistical criteria are applied
in analyzing the forecasting ability of the modell:

(1) Coefficient of Correlation between actual

and simulated series (CC).

1 A detailed discussion of the statistical measures

used in this chapter for evaluating the model is
given in Pindyck and Rubinfeld (1981, pp. 362-366).
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(2) Root-Mean-Square Error:

n
_ s _ a2
RMSE ; -//;/ntzl(yit Yit)

(3) Mean Absolute Error:

n
s a
MAE. = 1/n ¥S o e
1 tzl’ it 1t
o s a
(4) Mean Error: ME, = l/ntzl(Yit - Y7,

{(5) Regression Coefficient of Actual on

Predicted Values (RCAP).

(6) Theil's Inequality Coefficient:

[ n n 1-1
U, = RMSE, - /{;n by )? 4 //;/n ;ov® )%
1 1 £ it =1

29 it J
where n = length of simulation period;
Yit = model simulation value of the
.th . . .
i variable in period t;
Yit = actual value of the ith variable

in period t.
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The correlation and regression coefficients,
CC and RCAP, should be close to unity. Zero values of
MEi indicate that there is no bias, in the sense that
the model does not tend to overestimate or underestimate

the variables in guestion. 1If MEi has a positive value

the model overestimates the variable, and vice versa.

Values of MAEi and RMSEi close to zero indicate a high
degree of simulation accuracy. The problem with the MEi
measure is that it may be close to zero if large positive
errors cancel out large negative errors. However, this

is not true with the MAEi and the RMSEi.

The values of Ui must be between 0 and 1l; if
Ui =0, Yit = Y: for all t and the fit is perfect. Values

of Ui less than 0.4 have generally been considered
reasonable in other applications. The numerator of the
inequality coefficient can be decomposed into three

components:

o
Il
0
i
97]

'_1.
m
[\]
~
=
%)
k=
’_r.
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u$ = [2(1 - co)s, S, ]/MSE.
i is ia i
o+ uS o+ u€ =1
i i i
where Y5, §§, S. , S,  are the means and standard
i 1 is ia
deviations of the series Yit and Yit, respectively,

and MSE stands for the Mean-Sgquare-Error.
. M ] . +C
The proportions, U, U  and U~ are the
fractions of error due to bias, differences of
variation and differences of covariation, respectively.
For any value of U > 0, we would like UM to be close

to zero. The ideal result would be UM = US = 0 and

Uc = 1. Roughly speaking, systematic bias in the model
can be inferred from values of UM above 0.1 and 0.2,

Theil (1966) has also proposed another
decomposition of the inequality coefficient into the
fraction of error due to bias (UM),thedifference of
the regression coefficient from unity, known as the
regression proportion (UR),and the residual variance,
known as the disturbance proportion (UD):

R

Ui = (SiS - CLia )/MSEi
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D _ 202
U; [(1 cc )Sia}/MSEi

s vR s P =1
1 1 1

For any value of U > 0, the ideal distri-
bution of inequality over the three sources is UM = UR
= 0 and UD = 1.

Summary statistics of the historical
simulation for all endogenous variables are presented
in Tables 6.1 and 6.2. The model converged to a
solution for every country in every period, and gave
results which were close to observed valuesz. The
symbols for the variables are the same as those used

in previous chapters.

2 The stability of the model can also be verified by
computing the characteristic equations and their roots
for every country. There is a lagged dependent variable
in both domestic and foreign price equations. Further-
more, the domestic price variable depends on the lagged
foreign price variable and the foreign price variable on
the lagged domestic price variable. Given the estimated
coefficients of the price variables in the domestic and
foreign price equations, the determinant of the
coefficient matrix of the lagged price variables
is formed and is equated to zero. (This methodo-
logy has been explained in Appendix 3A.) The
expansion of the coefficient matrix results in the
following second-order characteristic equations and
their roots:
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Six selected summary measures are reported
in Table 6.1l. On the whole, the summary measures
indicate that the predictive performance of the model
is quite good. Based on Theil's inequality coefficient,
all variables perform well, having values of U much less
than .1, except for GR, JR and EY, which have values
.13, .16 and .16, respectively. The values of ME are
less than .001. The same applies for the magnitudes of
RMSE and MAE. The correlation coefficient is also very
high for all variables.

Table 6.2 presents the decomposition of the
simulation error. With regard to bias, all variables
have values of less than .01 and the disturbance propor-
tion (UD) is close to unity, except for JR, which is
.5. The other statistical measures indicate similar
patterns and lead to the conclusion that the tracking

ability of the modelis qguite satisfactory3.

France:KZ—.l966K—.lS77 = (0. Hence Kl:.5074, K2: -.3108
Germany: K~ .3080K-.3296 = 0. Hence K =.7484, K,= -.4404
Japan: K°+.1040K-.1509 = 0. Hence K =.3399, K,= -.4439
UK: K2 + .0780K+.0075 = 0. Hence Kl’K2: -.0390+.07731
and M = .0866

Us: K2—.7764K +.1946=0. Hence Kl,K2=.3632i.2505i and
M = ,4412

Where M is the absolute value of the complex roots.
Therefore, the model is stable for all countries.

3 Figures showing actual and simulated values can be

found at the end of this chapter.
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TABLE 6.1

SUMMARY STATISTICS FOR HISTORICAL SIMULATION &

VARTABLES CC RMSE MAE ME RCAP U
FP .9998 .0052 .0039 -.00007 1.000 .0005
FFP .0000 .0022 .0017 .00005 1.000 .0002
FFE .9828 .0452 .0362 .00238 1.008 .0046
FR . 8838 .0142 .0110 -.00020 1.012 .0634
FFR .9005 .0101 .0082 -.00042 1.024 .0556
FY .9853 L0123 .0096 -.00069 1.016 .0022
FFY . 9918 . 0346 .0276 -.00137 1.003 .0043
GP .9993 .0048 .0039 -.00019 1.000 .0005
GFP .9999 .0036 .0028 .00002 1.001 .0004
GFE .9928 .0094 .0075 -.00001 1.001 .0010
GR . 7569 .0199 .0152 .00081 . 8155 L1334
GFR . 8034 .0148 .0122 .00045 .8075 .0767
GY .9479 .0192 .0159 .00040 .9605 .0039
GFY .9977 .0101 .00885 .00020 .001 .0013
JP .9990 .0070 . 0057 -.00009 .9988 .0007
JFP .9998 .0043 .0032 .00010 .000 .0004
JFE .9977 .0018 .0013 . 00002 .998¢8 .0002
JR .6466 .0280 .0227 -.00064 L4721 .1653
JFR . 7985 .0166 .0129 .00051 . 8543 .0899
JY .9979 .0078 .0063 -.00016 .001 .0005
JFY .9951 .0101 .0084 -.00008 .001 .0014
EP .9997 .01006 .0083 .00007 .9999 .0010

...continued
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TABLE 6.1 (continued)

VARTABLES CC RMSE MAE ME RCAP U
EFP 1.000 .0020 .0016 -.00001 1.000 .0002
EFE .9883 .0087 .0066 -.00005 .9994 .0008
ER L7133 .0191 .0157 ..00068 L7220 .0844
EFR .9074 .0097 .0079 -.00017 .9832 .0543
EY .9432 .0243 .0188 -.00027 .9585 L1668
EFY .9963 .0109 .0079 .00001 1.001 .0015
up .9999 .0035 .0028 -.00006 .9993 .0003
UFP 1.0000 .0024 .0019 -.00001 .9999 .0002
UFE .9887 .0053 .0043 .00003 .9844 .0005
UR .9390 .0109 .0086 .00016 .9908 .0614
UFR .9656 .0062 .0054 .00003 .9690 .0324
uy .9855 .0131 .0106 .00010 .9999 .0023
UFY .9974 .0093 .0078 .00057 .9985 .0014

a

The units in which the variables arc measured in subsequent tables
and figures are those defined in previous chapters, but we repeat
them here for convenience. The price variables are logarithms of
price indices. Exchange rates (domestic in terms of foreign currency)
are logarithms of indices constructed by appropriately weighted
averages of the currencies of the domestic country's maln partners

in trade and payments. Interest rates are in percentage form.

Income variables are logarithms of real income expressed in terms

of the domestic currency. The base period is 1975. The construction
of the foreign variables is explained in more detail in chapter 4.
The above discussion applies for Tables 6.1 and 6.2 and Figures 6.1
to 6.30. The variables of Tables 6.3 to 6.9 are in percentage form.
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TABLE 6.2

VARIABLES UM US UC UR UD
FP .00019 .00014 .9997 .000009 .9998
FFP .0054 .00001 .9994 .000003 .9994
FFE .00278 .01885 .9784 .001978 .9952
FR .00021 .07287 9269 .000470 .9993
FFR .00175 .07657 .9217 .002340 .9959
FY .003505 .03157 9654 .008505 .9884
FFY .00158 .00737 9910 .000471 .9979
GP .00153 .00034 9981 .000001 .9985
GFP .00005 .00601 .9939 .004998 .9950
GFE .00001 .00427 .9957 .000026 .0000
GR .00166 .01129 .9870 .064140 .9342
GFR .00093 .00006 .9990 .093690 .9054
GY .00044 .00165 .9979 .01479 .9848
GFY .00041 .00201 .9976 .000154 9994
Jp .00019 .00001 .9998 .000560 9992
JFP .00062 .00134 .9980 .000773 9986
JFE .00011 .00028 .9996 .000292 9996
JR .00052 .12350 .8759 .472900 .5266
JFR .00094 .01121 .9879 .048610 .9504
JY .0004 .00232 .9972 .000247 .9993
JFY .00004 .00488 .9951 .000070 .9999



TABLE 6.2 (continued)

18

VARIABLES UM US UC UR UD
EP . 00005 .00011 .9998 .000006 .9999
EFP .00001 .00004 .0000 .000004 .0000
EFE .00004 .0053 .9946 .000013 .9999
ER .00127 .00025 .9985 .132900 . 8658
EFR .00032 . 03360 .9661 .001358 L9983
EY .00012 .00228 .9976 .014860 L9850
EFY . 00002 .00283 .9971 .000105 .9999
up .00028 .00169 .9980 .002320 .9974
UFP .00001 .00002 .0000 .000099 .9999
UFE .00004 .00084 L9991 .010810 .9892
UR .00024 .02305 .9767 .000645 L9991
UFR .00002 .00018 .9998 .013880 .9861
gy . 00006 .00723 .9927 .000001 9999
UFY .00375 .00020 .9960 .000556 .9958
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The above statistics indicate that there
are no great differences across countries; the same
pattern is apparent for all. The price variables have
an exceptionally good fit. The fit of the exchange
rate variables is also satisfactory. One might expect
a higher volatility of exchange rates. However, the
volatility is not as substantial as one might anticipate,
since the effective exchange rate is used, and not the
actual bilateral exchange rate. Similar conclusions
hold for the output variables. Interest rate variables
give the poorest perfermance, compared to the other
variables of the system, but their simulation statistics
are still quite respectable. The major reason is that
interest rates were very volatile and also were the major

target of most central banks in the 1970s and early 1980s.

6.3 THE PORECASTING ERROR OF PURCHASING

POWER PARITY

As discussed in chapter 5, the restric-
tions i1mplying P.P.P. were not accepted. The simulated
values of exchange rates and domestic and foreign
prices can be used to form a measure of the predictive

power of the P.P.P. theory4. The P.P.P. theory predicts,

4 This section is adapted from Officer (1980).
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under ideal conditions, that the ratio of the exchange
rate (in this case effective, EF) to relative prices

(RP) in the two countries (EFt/RP will equal unity for

any period t 5.

&)

A measure of the predictive power of the P.P.P.

theory for a given domestic country and given period t is
Qn(EFt/RPt) =£n[(EFt/RPt)/l },

the proportionate deviation of EFt/RP from unity (its

t

predicted value under P.P.P.), that is, the proportionate

forecasting error of P.P.P.

By definition, in the base period EF =

1975
RP1975 = 1. Therefore,
Qn(EFt/RPt) = Azn(EFt/RPt)z ln(EFt/RPt)
tn(EFy g95/RPyg5)
is also the proportionate change in EFt/RPt since the
base period. The closer it is to zero, the higher the

predictive power of the P.P.P. theory. If Qn(EFt/RPt)

is positive (negative) the domestic currency is

> The terminology of real exchange rate has been used

for the ratio of bilateral exchange rate to relative
prices. 1In the present context, the ratio EFt/RPt

can be called the "effective real exchange rate".
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overvalued (undervalued) according to the P.P.P.
theory by lOO[zn(EFt/RPt)] per cent6.

The reader should not confuse the above
definition with a widely held proposition that
countries with a deficit (surplus) in the balance
of payments usually have overvalued (undervalued)
currencies. According to the definition of the P.P.P.
theory, if lOO[En(EFt/RPt)I is, say, 5 it means that
the domestic currency exchanges for 5 per cent more units
of foreign currency in the current period than is justi-
fied by the price level movements in the domestic

country and abroad since the base period.

6 An alternative measure of the degree of overvaluation
(undervaluation) of the currency could be lOO[(EFt—RPt)/RPt].
However, it is an asymmetric measure since lOO[(EFt
- RPt)/RPt] # 100[(RP, - EF_)/EF_]. It suffers also from
the defect that while there is no upper bound for currency
overvaluation there is a lower bound (100 percent) for
undervaluation. In contrast, lOO[Qn(EFt/RPt)] is
unbounded in both directions and lOO[ln(EFt/RPt)] =

—lOO[Qn(EFt/RPt)].
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As an indicator of the overall predictive
performance of the P.P.P. theory, the degree of over-
valuation (undervaluation) of the currency, lOO[Qn(EFt/RPt)],
is presented in Table 6.3 for each country and each time
period. The relative price is constructed as the
difference between the logarithms of the foreign and

domestic price (P - FP), while &n EF_ corresponds to the

t

already defined series FE The base period 1s again

£
1975. The constructed series enter Table 6.3 with the
symbol RE (real exchange rate) and the letter denoting
the corresponding country.

There is a tendency for the par values to
move away from the values of 1975 as the 1980s are entered.
Only for the US is this not the case. The US currency
is overvalued for most of the period after 1975, but in
the latter quarters it is undervalued. The French franc
is overvalued by 13.1 per cent in 1983II, compared to the
base period; the German mark is undervalued by 11.7 per
cent, and the Japanese yen by 7.8 per cent. The English
pound is also undervalued in the 1980s, by as much as
6 per cent in some quarters, though in 1983 there is
a tendency for smaller forecast errors than in previous

periods. Korteweg (1980, p. 18) also draws similar

conclusions as far as the size of deviations from P.P.P.
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FORECASTING PERCENTAGE ERRORS OF PURCHASING POWER PARITY
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. 7 .

1s concerned’ . Therefore, movements in real exchange
rates have been large, which implies that exchange
rate changes were not matched by relative price move-

ments.

6.4 SOME POLICY SIMULATION RESULTS

The most common simulation experiment
performed in other studies is one involving an increase
in the nominal money supply. Then the dynamic pattern
of the exchange rate is examined. Money supply turned
out to be the most significant variable for all coun-
tries also in this study. However, the model is flexible
enough to allow also some experiments with real
government expenditures and oil prices. In addition,
the large country framework gives the opportunity to
examine the effect of a change in a domestic policy
variable on the rest of the world, something ignored
by other studies. The effect of a change in a foreign
policy variable on the domestic economy can also be

examined.

Data developed by Korteweg indicate that the average
change in the real exchange rate for sixteen industrial

countries between March 1973 and tne end of 1979 was
6.8 per cent.
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The above issues can be explored with

elither a temporary or a permanent shock (one that

persists during the whole sample period). The

temporary shocks provide an indication of the

speed with which the system adjusts.

This section

presents and discusses the results of the following

hypothetical experiments.

(1) A temporary
supply.

(2) A permanent
supply.

(3) A permanent

(4) A temporary
supply.

(5) A temporary
nent expenditures.
(6) A temporary

expenditures.

increase

increase

increase

increase

increase

increase

of

of

of

of

of

domestic money

domestic money

energy prices.

foreign money

domestic govern-

foreign government

The magnitude of the shock is 10 per cent

of the relevant exogenous variable in each of the

above experiments. The temporary shocks occur in the

first quarter of the simulation period.

The results

of the simulation experiments for all five countries
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are presented in Tables 6.4 to 6.9 in terms of percen-
tage differences of the endogenous variables from the
control values provided by the historical test simu-
lationB.

A temporary increase of money supply is
absorbed relatively fast in all countries except
Germany. The effect of the French domestic money
supply on the exchange rate is what the original Dorn-
busch model predicts; initially the exchange rate
depreciates in our experiment, and then monotonically
appreciates. Depreciation takes place for all
countries in the impact period. However, the adjust-
ment process is characterized by subsequent appreciation
or depreciation for Germany, Japan, the UK and the US.

The change of domestic money supply affects
the rest of theworld significantly. Although the
effect of domestic money supply on the foreign price is
smaller than its effect on the domestic price, the
foreign price adjusts much more slowly than the
domestic one. Similar observations hold for the
permanent increase of the domestic money supply. Over-
shooting does not occur in any of the above cases.

The effects of money supply on the rest of the endo-

genous variables have already been discussed.

8
Tables 6.4 to 6.9 can be found at the end of this
chapter.
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A permanent increase of energy prices
increases domestic and foreign prices and depreciates
the currencies in all cases. Interest rates generally
decline. However, this is not thecase for the
Japanese foreign interest rate. Notice also that in
the impact period the German domestic and foreign
interest rates increase and in all subsegquent periods
they decline. The effect of the permanent energy
price increase on both domestic and foreign output is
negative for all cases except the domestic UK output
variable.

An increase of the foreign money supply has
significant effects on the domestic economies concerned.
Exchange rates react in exactly the opposite direction
to the effect of an increase of aomestic money supply,
except for GFE. They appreciate in the impact period
and subsequently depreciate. In the case of Japan and
the UK the adjustment after the impact period is
oscillatory. The French exchange rate initially
overshoots by an amount of 8.5 per cent. This implies
that the volatility of the exchange rate may be equally
due to foreign disturbances. Foreign output increases
by a considerable amount initially, and subsequently

decreases for all countries. US domestic output is
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affected even more than the foreign output. The
effect of foreign money supply on French, Japanese and
UK output is generally negative.

Real domestic government spending is eqgually
important domestically and abroad. The exchange rate
appreciates in the impact period, except for the case
of Germany, for which the effect is very small. There
can be either appreciation or depreciation in subsequent
periods. Appreciation also occurs due to an increase
in foreign real government spending for all countries.
The domestic price level adjusts rather slowly to an
increase of foreign government spending. Domestic output
increases after a rise of domestic government spending,
except for France and the UK. 1In the case of Japan the
impact multiplier is negative but small. A domestic
fiscal expansion also affects foreign output positively.
Similar conclusions hold for the increase of foreign

government spending as far as domestic coutput is concerned.
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6.5 CONCLUSIONS

In conclusion, it can be said that the

historical simulation indicates that the model tracks

the data very well. Furthermore, the model appears
stable. The summary statistics indicate tnat the

system of eqguacions performed well for all countries.

The simulation experiments indicate that
adjustments are rather fast for all countries, and that
in every case, the rest of the world is gquite important.
The "large country" assumption is more suitable than
the "small country" one, for explaining the economies
of the countries examined. An increase in a domestic
policy variable has generally significant effects on
the rest of the world.

It was found in the third section of this
chapter that the prediction of P.P.P. that exchange
rate changes are matched by relative price movements
does not hold for the flexible exchange rate period of

the 1970s and early 1980s.
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THE PERCENTAGE CHANGES IN ENDOGENOUS VARIABLES DUE TO A PERMANENT INCREASE OF 10% OF
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THE PERCENTAGE CHANGES IN ENDOGENOUS VARIABLES DUE TO A TEMPORARY INCREASE OF 10% OF

DOMESTIC GOVERNMENT EXPENDITURES
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THE PERCENTAGE CHANGES IN ENDOGENOUS VARIABLES DUE TO A TEMPORARY INCREASE OF 10% OF FOREIGN

GOVERNMENT EXPENDITURES
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CHAPTER 7

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

This chapter draws together the major
conclusions of the study and discusses some of the
implications of these conclusions for future research.
The subjects addressed in the study have been the
P.P.P. theory of exchange rates, the development of a
particular theoretical model, some empirical considera-
tions, the estimation of the model, and some simulation
experiments based on it.

P.P.P. as a theory of exchange rates has been
used extensively. Models developed to explain P.P.P.
are numerous. An attempt was made to combine phe
recent literature on effective exchange rates with the
P.P.P. computations, since effective exchange rates,
though not determined by market forces, were more
realistic for our purposes than actual bilateral rates.
P.P.P. was derived as an a priori restriction of
the reduced form parameters of a two-country model.
Large country models of the asset approach to exchange
rate determination have not been used by researchers and

there is no other empirical work in this area.
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The model is intended to be able to explain
the volatility of exchange rates and the proposition
that price and money supply differentials are
reflected in the exchange rate. The model has been
applied to five major OECD countries -- France, Germany,
Japan, the UK and the US. The phenomenon of "overshooting"
is of particular interest but was not imposed as a
necessary feature of the model. The model has the
advantage of examining not only the effects of exogenous
nominal shocks, but also real shocks; such as an
unanticipated increase in government spending. It can
also handle shocks to foreign variables (nominal or real),
which are equally important in a large country setting.

For each country, the rest of the world was
treated as a single aggregate. Aggregation was performed
using trade weights. The countries that enter the
foreign aggregate were the major trade partners of the
domestic country.

The price index used was the implicit GDP
deflator, except for the UK and the US, for which the
consumer price index was used.

Expected variables were treated with
McCallum's instrumental approach. The lag structure

and the predetermined variables used to explain the
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expected variables were determined empirically.

The estimation results were satisfactory.
The signs of the coefficients were as expected, except
for few variables for which the coefficients were not
significantly different from zero. The statistics
of the individual equations indicate that the fit of
the equations was good. The most significant variable
was found to be the money supply. It came out significant
for all countries and for most equations. Foreign money
supply, government expenditures and energy prices
improved the fit of the equations and fitted well into
the model.

Overshooting was not found to be the case,
except for France. Overshooting was found to occur in
France 1n response to a disturbance in the foreign
money supply.

The restrictions implied by P.P.P. were
tested by fitting the model with and without them and
applying a likelihood-ratioc test. On this basis,
the restrictions were rejected. Model builders using
P.P.P. as a basic relationship in their models should
be aware that P.P.P. does not seem to hold during the
floating exchange rate period of the 1970s and early

1980s.
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Previous models have used the assumption
that both domestic and foreign variables have
coefficients with the same numerical values but opposite
signs. The restrictions implied by this assumption
were also tested using a log—likélihood ratio test, and
again the restrictions were rejected. Such restrictions
have been used in previous studies because of problems
of multicollinearity. However, it was still possible in
the present study to derive meaningful results, even
without the restrictions.

Simulations were carried out with the estimated
model. Since the model was not designed for forecasting
purposes, the simulations were performed over the esti-
mation period. We were able to show that the model
tracked the data guite well for all countries.

Statistics calculated for the historical
simulation indicate that the best fits were achieved
for the price variables and the worst ones for the
interest rate variables. It was argued that interest
rates had the poorest fits because there was continuing
intervention by the central banks of the major countries.
The treatment of interest rates as purely endogenous

variables should therefore be questioned. It might be
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more appropriate to model the behaviour of interest

rates as a result of government policies. The results

of the historical interest rate simulations imply that

if lags were to be built into the interest rate equations,
their fit might improve. The maintained hypothesis of
interest rate parity should also be questioned. Neverthe-
less, the statistics for the historical simulation relating
to interest rates are satisfactory.

Some simulation experiments were performed
to examine the speeds of adjustment and the dynamic
patterns of some of the variables. There was no
indication of overshooting in any period after an
initial shock, except for France. Most variables
reacted as expected to various shocks.

There are many possibilities for extending the
model. Two-country models are not widespread in the
literature of the asset approach to exchange rate
determination. Nevertheless, one might extend even
further the model to a multicountry world. A three-
country model is of particular interest for European
countries or countries that participate in custom unions.
The countries that participate in a union usually have
fixed exchange rates among themselves, but flexible

ones with regard to the rest of the world. Thus, a
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three-country model in which one exchange rate 1is
fixed and another flexible is a promising subject for
future research.

Given the recent literature of rational
expectations, the treatment of expectations within the
model could be developed further. The feasibility of
this in empirical work depends, of course, on the
facilities available and the computational difficulties.
The latter can be formidable when the rational expectation
restrictions are imposed. Proxies for the expected
variables were constructed in the present study, but an
extension of the model to allow for fully endogenous
expectations might give a better representation of the
economy. Regarding the simulation experiments, one would
be better able to distinguish between unanticipated and
anticipated shocks. Some policy reaction functions for
the exogenous variables would also allow a richer menu
of simulation experiments and would add more realism to
the model.

An attempt was made in chapter 5 to justify
the failure of the P.P.P. theory by the use of the
concept of "news". It seems that the role of "news"
might be a particularly fruitful extension for exchange

rate determination models now that the majority of the
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profession accepts the proposition that exchange

rates are determined in the asset markets.
The predictive performance of the P.P.P.

theory was examined by using the notion of real

exchange rate. The proportionate deviation of the real
exchange rate from unity is the proportionate fore-
casting error of P.P.P. The fluctuations of the exchange
rates were explained with the variation of relative
national price indices. It was found that exchange rate

changes were not matched by national price mcvements.

If a relevant yardstick to judge the excessive
fluctuations of an exchange rate is the variation of
national price levels, then indeed exchange rates may
have fluctuated excessively. But this is a narrow
interpretation of the P.P.P. theory. The asset market
approach suggests that a better yardstick would be the
variation of other asset prices(such as stock market
indices, which are indeed volatile% rather than

commodity prices.

With this interpretation, it seems that
intervention in the foreign exchange market which
ensures that exchange rates conform to purchasing power
parities would be a mistaken course of policy. Govern-

ment policy can, however, make a positive contribution

to reducing costly and unnecessary variation of exchange

rates by adopting more stable and predictable patterns

of policy.
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