RealDisturbances,RelativePrices,andPurchasingPowerParity

*

TopicArea:F3InternationalFinance,E0GeneralMacroeconomics

SelahattinDiboo_lu

AssistantProfessor

DepartmentofEconomics

SouthernIllinoisUniversityatCarbondale

Carbondale,IL62901

Phone:6184535346

Abstract: T his p aper t ests a m odified v ersion of Purchasing Power Parity, which hypothesizes that real

shocks that alter equilibrium relative prices between tradables and non-tradables are responsible for the

deviations from purchasing power parity. Using cointegration/error-correction methods and quarterly

data from the post Bretton Woods period, we find supportive evidence that productivity, government

spending,andrealworldoilpricemightaccountfordeviationsfrompurchasingpowerparity.

(*)ThankstoWaltEndersandtwoanonymousrefereesforveryimportantsuggestions.Anyremaining

errorsaremyown.

1.Introduction

Purchasing power parity hypothesis (PPP) remains a controversial issue both as a building

block of theoretical exchange rate determination models and as an equilibrium exchange rate relation

by i tself. T here h ave b een n umerous studies, theoretical and empirical, which specify the circumstances

of its validity as a description of exchange rate behavior. It is well known that temporary deviations

from PPP can arise as an outcome of different speeds of adjustment in assets and goods markets

(Dornbusch [1976]). Accordingly, after a permanent shock in the money supply, the nominal exchange

rate moves more than proportionately to clear the money market. A movement in the nominal

exchangeratetranslatesintoamovementintherealexchange rate because of sticky commodity prices.

This result is referred to as "overshooting" and is an example of short run purchasing power disparity.

Moreover, w ithin the context of the "overshooting model" imperfect substitutability between domestic

and foreign goods implies that permanent real aggregate supply and demand disturbances can cause

permanent changes in the real exchange rate which is the relative price of foreign goods. At the

extreme, there is no substitutability between domestic and foreign goods in the case of non-traded

goods. In this case permanent changes in the real exchange rate can arise due to real disturbances that

change equilibrium relative prices between tradables and non-tradables. The Samuelson-Balassa

hypothesissingles out productivity differentials between tradables and non-tradables as the determinant

of relative prices (Samuelson 1964; Balassa 1964). Extensive empirical studies on the validity of PPP

have not resolved the issue completely as the evidence is mixed

1

. Baillie and Selover (1987), Taylor

(1988), B aillie a nd P ecchenino (1991), among others, provide evidence that the nominal exchange rate

andnationalpricelevelsarenotevencointegrated.

Given the increasing evidence that real exchange rates are non-stationary, recent studies have

focused on identifying disturbances that cause deviations from PPP. Huizinga (1987) decomposes the

real exchange rate series into transitory and permanent components using the Beveridge and Nelson

(1982) technique, and finds an important transitory (mean-reverting) component. On the other hand,

using an approach along the lines of Blanchard and Quah (1989), Lee and Enders (1991), and

Lastrapes (1992) decompose real and nominal bilateral exchange rate movements into components

induced by real and nominal factors. The studies try to identify the shocks by imposing a long-run

neutrality restriction on the bivariate moving average representation of real and nominal exchange

rates. In particular, nominal shocks are restricted to have no long-run effect on the level of real

exchange rates. Both studies find that a dominant proportion of nominal and real exchange rate

movementshavebeenduetorealshocksinallcasesandatallhorizons.

The primary objective of this study is to re-examine the empirical validity of PPP. Given the

focus i n t he r ecent e mpirical e xchange rate literature on real factors as primary sources of disturbances

that cause deviations from PPP, we use a theoretical framework in which PPP is augmented by real

supply (productivity in the tradables sector, and real world oil price) and demand (real government

spending) disturbances and test for the existence of systematic departures from PPP. To that end, we

use Johansen (1988) and Johansen and Juselius (1990) methodology to test for cointegration between

the bilateral nominal exchange rates, national price levels, productivities, government spending, and

real w orld o il p rice. D ifferent v ersions o f t he P

PP h ypothesis w ill b e t ested as restricted versions of the

cointegrating vectors. Specifically, we will test the proposition that international differences in

productivity, government spending and changes in the real oil prices can account for the deviations

fromPPP.WewillalsouseaVectorError Correction Model and Variance Decomposition Analysis to test the relative importance of biases, if any, introduced by these real disturbances. Section 2 describes

themodelandmethodology. Section 3 reports empirical results pertaining to Germany, Italy and Japan

vs.theUnitedStates.Section4concludes.

2.TheTheoreticalFrameworkandMethodology

The absolute version of PPP is based on the presumption that in an integrated competitive

market,lawofone price would prevail and as such, the price of a given good would be the same when

quoted in the same currency. If price indexes are constructed in the same manner and are comprised of

thesamegoodsindifferentcountries,thenabsolutePPPholds:

where s

t is the logarithm of the nominal exchange rate defined as the number of units of domestic

currency per unit of foreign currency; p

t and p

t

* are the logarithms of the domestic and foreign price

levels. Since there are transportation costs as well as some impediments to trade, the weak or the

relative form of PPP restates the relationship between the exchange rate and national price levels in

terms of changes. The logarithm of the real exchange rate r

t

, can be defined as r

t

= s

t

- (p

t

-p

t

*) and it

givesthepriceofforeigngoodsintermsofdomesticgoods.Itisevidentfromequation (1) that the real

exchange rate is unity if absolute PPP holds at each point in time, and constant if relative PPP holds.

Since P

PP c an b e t aken a s a n e quilibrium relationship and deviations from equilibrium are possible, the

empiricalimplicationisthatrealexchangerateseriesmustbestationaryifPPPholds.

t

t t

*

s

= p - p (1)

If there are non-tradable goods, one can no longer apply the law of one price in deriving PPP.

However, as long as there are no relative price changes between traded goods and non-traded goods,

relativePPPwillhold.Inotherwords,ifthelawofonepriceappliestotradedgoods,therealexchange

rateisdeterminedbytherelativepriceoftradedgoodsinthetwocountries.

A significant component of goods and services do not enter the price indexes that are used to

test for PPP. The case of non-traded goods has long been recognized in economic analysis (for

references, see Dornbusch [1980], pp. 94-97). Due to transportation costs and some impediments to

trade some goods might not be traded internationally. Let the domestic price level be a weighted

averageofthepricesoftradedgoodsandnon-tradedgoods:

p

T

i s t he l ogarithm o f t he p rice o f traded goods; p

N

is the logarithm of the price of non-traded goods;

ρ is the logarithm of the relative price of the non-traded good; and θ is a share parameter. It is

assumedthatasimilarrelationshipexistsforpricesintheforeigncountry.

Ifthelawofonepriceprevailsinthetradedgoods,then

wheres

t

,p

t

,andp

t

*areasdefinedinequation(1)above.

If we combine equations (2) and (3) assuming that the price indexes are constructed in the

samemannerforthetwocountries(i.e.,θ=θ

*

):

t t

T

t

N

t

T

t

t t

N

t

T p = p +( 1

- ) p

= p +( 1 - )

w h e r e : p - p

θ θ θ ρ ρ ≡

(2)

t

T

t

* T

t p = p +

s

(3)

t

t t

*

t t

*

s

= p - p -( 1

- )( - ) θ ρ ρ (4)

Equation (4) is the modified-PPP relationship; as long as there are no relative price changes

between tradables and non-tradables, PPP will hold.

2

However, relative price changes (i.e., changes in

ρorρ*thatarenotoffsetting)cancausedeviationsfromPPP.

Balassa (1964) and Samuelson (1965) singled out productivity differentials between tradables

and non-tradables as an important source of change in relative prices, and the exchange rate. Both

studies h ave a rgued, w ithin t he c ontext of a Ricardian model, that the price of domestic goods relative

to foreign goods (the reciprocal of the real exchange rate) will increase in fast growing, innovative

economies. If prices equal marginal costs, and labor is internally mobile so that wages are equal across

sectors, the relative price of non-traded goods will be determined by relative productivity between

traded g oods a nd n on-traded goods. Assuming that international differences in productivity are smaller

in the production of non-traded goods such as services, non-traded goods will be relatively more

expensive in countries with higher levels of productivity: "The greater are productivity differentials in

the production of traded goods between two countries, the larger will be differences in wages and in

the prices of services and, correspondingly, the greater will be the gap between purchasing power

parity a nd t he e quilibrium exchange rate" (Balassa [1964], p. 586).

3

G artner a nd Urpsrung (1980), and

Gartner (1993) use a structural goods market and an exchange rate which is determined in an asset

market a la Dornbusch (1976). They assume collective wage formation, and mark-up pricing so that

relative prices of non-traded goods are determined by relative productivities. Other studies such as

Dornbusch (1974) relax the assumption of constant costs and introduce diminishing returns with

perfect wage and price flexibility. Assuming internal and external balance (the market for non-traded

goods clears and expenditure equals income), the study considers the effects of various shocks on relative prices of traded goods. A uniform rise in the productivity level in the tradables, for example,

implies increased wages in tradables and non-tradables alike. But without productivity gains in non-

tradables, costs and prices in non-tradables increase, and the relative price of the non-tradables (ρ)

increases

4

. Given the nominal price level of non-traded goods and commodity arbitrage in traded

goods,relativepricechangecanonlycomethroughachangeinthenominalexchangerate.

The foregoing framework can be extended to include a number real disturbances that can lead

to changes in the relative price of non-tradables. Consider, for example, the effect of a demand side

shock such as government spending on relative prices. We can incorporate the government by using a

simple optimizing framework. The government provides public goods which enter the utility function

of domestic residents. In this framework, government activities may influence the private sector

throughtwochannels.First,governmentspendingfinancedthroughlump-sumtaxes, absorbs resources

which otherwise would be available for private consumption. Second, government spending may

influencethemarginalevaluationofprivategoods

5

.

To b est u nderstand the relationship between government spending and relative prices, consider

Figure 1. To simplify the analysis, we assume that there is no production, government spending enters

the utility function in a separable way (so that government spending does not influence the marginal

evaluations of private goods) and the utility function is homothetic (optimal consumption decisions are

invariant to income distribution). We also assume that the economy is initially in equilibrium at the

endowment point K, where the marginal rate of substitution equals relative price of non-tradables, ρ

0

.

TheEngelcurveisgivenbythe ray OK. Consider a rise in government spending on both goods, G

T

o n

tradables, and G

N

on non-tradables. Since this represents withdrawal of resources from the private sector, the new private sector endowment is given by point H. Note that in the Figure, government’s

spendingisbiasedtowardsnon-tradedgoodsrelativetotheendowment.Attheprevailingrelativeprice

ρ_0, the optimal consumption bundle is indicated by point J. It is obvious that with the case represented

in t he F igure, t here i s e xcess s upply o f t he t raded g ood a nd a n e xcess demand for the non-traded good

at point J. Thus, the relative price of non-traded goods ρ, must rise and the Engel curve rotates to the

left. The new equilibrium must lie on the line segment HD so that the market for non-traded goods

clears. Define the marginal share of non-tradables in government spending as β

g = ρGN /(GT + ρGN).

Similarly β can be defined as the marginal share of non-tradables in private sector spending. If β

g

exceeds β (equivalently γ

g < γ so that line HK is flatter than OK), then a rise in government spending

induces a rise in the domestic relative price of non-traded goods. The converse holds when β

g falls

shortofβ.Again,foragivenvalueofthenominalpriceofnon-tradedgoods, an increase in the relative

priceofnon-tradedgoodsbringsaboutadomesticcurrencyappreciation.

It should be noted that supply side disturbances such as increase in the real world oil price

might influence the relative prices. An oil price shock can be incorporated into the analysis as a

negativeendowment shock. To the extent that it affects sectors asymmetrically, it can lead to a relative

price change. However in reality, an oil price shock can have complex effects. Oil prices are likely to

have demand deflationary effects due to rising imports (depending on dependency on oil), as well as

inflationary effects due to rising production costs. Secondary effects include increase in substitutes for

oil, a nd i ncreasing imports by oil exporting countries. The final outcome depends on how these factors

affecttradedversusnon-tradedgoodssectors.

Changes in tastes, and factor endowments have been cited as other factors that influence

relativepricesandcausepurchasingpowerdisparities[KravisandLipsey(1983;Bhagwati(1984)].

Given this theoretical framework, it is important to test whether the real disturbances outlined

above have caused deviations from PPP. This can be done by augmenting PPP with productivity

differentials in tradables, a demand side variable, real government spending on non-traded goods and

real world oil price. An important issue in empirical implementation is whether the measures of these

variables are non-stationary, in which case standard tests and statistical inference might not be

meaningful. In this paper the possibility of non-stationarity will be handled by utilizing unit root and

cointegration techniques. Moreover, a cointegrating vector has the interpretation of a "long-run"

equilibriumrelationship(EngleandGranger[1987]).Specifically,considerthefollowingequation:

wherepr

t andpr

t

*arelogarithmsofdomesticandforeignproductivitylevelsinthetradedgoods,g

t and

g

t

*aredomesticandforeigngovernmentspendingonnon-tradedgoods;rop

t isthereal w orld o il p rice;

β_iarecoefficients,andu_tisanerrorterm.

Ifequation(5)representsanequilibriumfortheexchangeratein the long run, then s

t

, ( p

t

- p

t

*),

(pr

t

- pr

t

*), (g

t

- g

t

*) and rop

t must be cointegrated. Different versions of PPP place restrictions on the

cointegratingvector(s). For example, if equation 5 represents the normalized cointegrating relation and

PPP holds up to a stationary error term, then we should expect β

1

= 1, β

2

= 0, β

3

= 0, and β

4

= 0. In

this case the resulting relationship might be interpreted as a stable real exchange rate. However, if

productivity in the tradables rises relatively faster than the non-tradables in the home country, or

government spending on non-tradables increases relatively faster than tradables, equilibrium relative t

0 1 t t 2 t t 3 t t 4 t t s

= + ( p - p * ) + ( p r - p r * ) + ( g - g * ) + r o p +

u β β β β β (5)

prices(ρ-ρ*)canbeexpectedtoincrease, and β

2 a nd β_3 should be negative. The sign of β_4 depends on

howtheincreaseinrealworldoilpriceaffectsthetradableandnon-tradablesectors.

We will use the full information maximum likelihood method to test whether variables in

equation (5) are cointegrated

6

. This method can detect multiple cointegrating vectors, and allows for

testing various restrictions on the parameter vector. The implications outlined above will be tested

using bilateral data for Germany, Japan, and Italy vs. the United States. We then, estimate a Vector

Error Correction Model for the real exchange rate and estimate the relative importance of biases

introduced to PPP. The data are quarterly, pertain to the modern floating period, and are taken from

theInternationalFinancialStatistics.

3.EmpiricalResults

Before applying the cointegration framework, we investigate the stochastic properties of the

variables to see if they have unit roots. We measure s

t by nominal, period average exchange rate (e.g.,

Marks per US Dollar); p

t

, by the GNP deflator, except for Italy where it is measured by the GDP

deflator. This measure of the price index includes a wider range of goods that are reflected in the

tradables/non-tradables specification of the model. We realize that there is no satisfactory measure of

pr

t

,theproductivityindexoftradedgoods;weproxytheproductivityintradablesby productivity index

of the manufacturing sector; g

t is real government expenditure on non-tradables, and again it is not

possible to decompose government expenditure into spending on tradables versus non-tradables; we

usegeneralgovernmentexpenditureinnationalaccountsasaproxy;rop

t i s w orld r eal o il p rice d eflated by OECD consumer price index; an asterisk denotes U.S. counterparts, and all variables are measured

inlogarithms.

The r esults o f A ugmented D ickey-Fuller tests with and without a linear time trend for the data

in levels and first differences are presented in Table 1. Appropriate lag lengths are determined by

startingwithalaglengthof4forthedatainlevels(since the data is quarterly), and 1 for the data in the

first difference, and then including additional lags depending on whether residuals approximate white

noise. Box-Pierce Q-Statistics, residual ACF’s and residual plots were used in determining the

appropriatelaglength.

Table1indicatesthatthenullhypothesisofaunitrootcannotberejectedfor all series, with the

exceptionofJapanesegovernmentspendingwhenalinear time trend is not included. However, when a

linear trend is included, the null hypothesis of a unit root is not rejected for the Japanese relative

government spending. To complete the tests, we performed ADF unit root tests to first differenced

series.Withthe exception of the price series for Germany and Italy which are on the borderline when a

linear trend is not included, all series reject a unit root. Hence the tests are broadly consistent with the

seriesbeingintegratedoforderone.

MacDonald(1988),andCheungandLai(1993)haverecentlyemphasizedthat imperfections in

observed price series as proxies for theoretical price variables imply that proportionality between the

nominal exchange rate and prices under PPP is not necessarily consistent with empirical data. Hence,

the v alidity o f p roportionality between the nominal exchange rate s

t

, and relative prices (p

t

-p

t

*), should

betestedasarestrictiononthecointegratingvector(s).Ifproportionalityholds,thencointegrationtests

canbecarriedoutusingtherealexchangerate,r

t

.

Next, w e t est w hether the exchange rate, prices, productivities, real government spending, and

the real world oil price are cointegrated using the maximum likelihood cointegration technique.

Different values of the lag length from 1 to 6 were considered to remove serial correlation from the

residuals of the VAR. In germany and Japan 4, and in Italy 5 lags were required for residuals to

approximate white noise. Likelihood ratio tests based on the maximal eigenvalue (λ

max

), and trace (λ

tr

)

of the stochastic matrix are given in Table 2. In reporting critical values, we take into account the

possibilityoflineartrends.

Table 2 i ndicates that the null hypothesis of no cointegration (r = 0) is rejected for all countries

by the trace statistic. Moreover, the hypothesis that there is at most one cointegrating vector (r≤1) is

rejected by the trace statistic for Germany and Japan, but not for Italy. Note also that we fail to reject

r≤2 for Germany and Japan. The maximal eigenvalue statistic indicates a unique vector for Italy and

Germany, and two vectors for Japan. In the following discussion we assume two cointegrating vectors

for Germany and Japan and one vector for Italy. Table 2 also reports tests of restrictions on the

cointegrating vectors. Note that the proportionality restriction between the nominal exchange rate and

prices (H

1 : β_1 = 1 in equation 5) is not rejected at the % 5 significance level except for Italy. The

normalizedcointegratingrelationshipforItalyisgivenby:

s

t

=1.850(p

t

-p

t

*)-2.167(pr

t

-pr

t

*)-0.868(g

t

-g

t

)+0.045rop

t

(6)

(0.000)(0.000)(0.000)(0.002)(0.033)

where marginal significance levels (p-values) are given in parentheses. Equation (6) implies that all

estimatedcoefficientshave theoretically plausible signs. An increase in productivity in tradables relative

to the foreign country is associated with an appreciation of home currency. Similarly government

spending on home goods is associated with appreciation of domestic currency

7

. On the other hand, an increase the real oil price is associated with depreciation of home currency. Note that all coefficients

estimatesaresignificantforItaly. Table 2 also indicates that strict PPP (H

2

) i s r ejected for all countries.

Moreover, productivity, government spending, and real oil price (H

3

) are jointly significant for all

countries. This implies that the data is not favorable to a mean reverting, stable real exchange rate and

productivity, government spending, and real world oil price shocks might have caused systematic

deviationsfromPPPinthepost-BrettonWoodsperiod.

Since the proportionality between the nominal exchange rate and prices is not rejected for

JapanandGermany,weimposetheproportionalityrestriction

8

andperformcointegrationtests with the

real exchange rate r

t

, productivity (pr

t

-pr

t

*), government spending (g

t

-g

t

*), and the real world oil price

rop

t

.TheresultsaregiveninTable3.

Both λ

tr and λ

max statistics indicate a single cointegrating vector for Germany and Japan.

Normalizingwithrespecttotherealexchangerate:

Germany: r

t

=-1.654(pr

t

-pr

t

*)-2.042(g

t

-g

t

*)+0.143rop

t

(7)

(0.000)(0.003)(0.027)(0.023)

Japan: r

t

=-0.778(pr

t

-pr

t

*)-1.874(g

t

-g

t

*)+0.086rop

t

(8)

(0.003)(0.026)(0.009)(0.021)

where numbers in parenthesis indicate marginal significance levels. The estimated speed of adjustment

coefficients [α

1 α_2 α_3 α_4] from the error correction model corresponding to [Δr_t Δ(pr_t-pr_t*) Δ(g_t-g_t*) Δrop_t]aregivenby:

Germany: [-0.133-0.037-0.1010.143]

Japan: [-0.017-0.034-0.121-0.252]

An interesting question is whether productivity, real government spending and the real oil price are

jointly "weakly exogenous" with respect to the long run parameters. This hypothesis can be tested as

thejointsignificanceofthelastthreespeedofadjustmentcoefficients

9

,i.e.,testingH

0 :α_2=α_3= α_4 = 0

isatestforthejointweakexogeneityofproductivity, real government spending, and real oil price. The

likelihood ratio test statistic for this hypothesis is distributed as χ

2

w ith 3 d egrees of freedom under the

null. Performing the test, we get a value of 9.42 for Germany, and 10.63 for Japan. Since the critical

value at the 5 percent significance level χ

2

(3) = 7.81, the hypothesis is rejected in both cases. This has

importantimplicationsfortheinterpretationofthelongrunparameters.

The estimated coefficients in equations (7) and (8) are all significant. Increases in productivity

in tradables and government spending on non-tradables at home relative to the foreign country are

associated with appreciation of the real exchange rate. Particularly, a 10 percent increase in

productivity growth in Germany and Japan relative to the U.S. tends to be associated with an increase

in the real value (purchasing power) of the Mark by 16.5 percent and the real value of the Yen by 7.8

percent. On the other hand, a 10 percent increase in relative government spending in Germany and

Japan is associated with a decrease in the real Mark and Yen rates by approximately by 20 and 19

percent.Thisiscompatiblewiththeproductivitybias hypothesis. Accordingly, increases in productivity

in tradables in Japan and Germany can be expected to decrease the relative price of traded goods in

those countries and due to increase in demand for tradables, currencies of both Germany and Japan

appreciate relative to PPP. We noted that when the marginal propensity of government spending on

non-tradables differs from private sector spending, there can be increases in the relative price of non-

tradables.Inreality,itis plausible to assume that most government purchases are on services which are predominantly non-tradable. On the other hand, increases in government spending can have an impact

on the intertemporal terms of trade (real interest rates) as well. Within a simple inter-temporal

optimization framework, a current transitory increase in domestic government spending, for example,

creates an excess demand for current period goods. Given that lump-sum taxes have risen by an

amountequaltogovernmentspending,andprivatesector’smarginalpropensitytospendissmaller than

unity, private sector lowers its demand for current period goods less than the increase in government

spending. This excess demand for current period goods induces an increase in the relative price of

present g oods i n t erms o f f uture goods, that is, the real interest rate increases. An increase in domestic

realinterestratecanbeexpectedtoincreasetherealvalueofdomesticcurrencydueto capital mobility.

This is another channel government spending can influence the real exchange rate. Indeed many

authors attributed the appreciation of the dollar in the 1980’s to the increase in U.S. government

spending [Masson and Blundell-Wignall (1985); Friedman (1992)]. If increases in domestic

government spending are associated with a real exchange rate appreciation which means a reduction in

competitivenessandperhapspersistentcurrentaccountdeficits, then this has important implications for

macro-policymaking, since there tend to be increasing pressures for protection in response to external

deficits. Notice also that the normalized coefficient of government spending is relatively high, which

means increases in domestic government spending are associated with a greater change in

competitivenessascomparedtoothervariables.

Equations (7) and (8) indicate that increases in real world oil price are associated with real

depreciation of both Mark and Yen rates (a decrease in the relative price of German and Japanese

goods in terms of U.S. goods) in the long run. This can be partly attributed to the various degrees of

dependencyonoilbythesethreecountries.Whereasthe U.S. imports about 40 percent of its oil, Japan is totally dependent on imported oil, which means, among other things, the demand deflationary effect

of an oil price increase varies across countries. Second, there are differences in real wage responses to

oil shocks in import competing and export industries in these three countries, and the subsequent

exchange rate depreciations that take place to offset these increases [Corden (1985)]. Third, there are

variousdegreesofexchangerateinterventioninthesethreecountries.

ShortRunDynamics

We have noted that cointegrating relationships have the interpretation of a "long run

equilibrium" relationships. The interrelationships among variables can best be understood by examining

shortrundynamicscharacterizedby a Vector Error Correction Model (VECM). Consider the dynamic

specification:

where X

t is a column vector of variables in the system,

A(L) is a matrix whose elements are k-order

polynomials in the lag operator L, z

t i s a c olumn v ector o f t he deviations from the long run equilibrium

(error correction terms), and ε

t is a column vector of disturbances. In this section we estimate a

VECM for Japan and Germany and proceed with conventional innovation accounting (variance

decompositions) typical of vector autoregressions

10

. W e e stimate the VECM with 8 lags imposing one

cointegrating vector for Germany and Japan; Table 4 reports Variance Decompositions for a 16

quarter forecasting horizon using Choleski decomposition. The order of the variables is that implied by

the T able; r eal o il p rice, p roductivity, government spending, and the real exchange rate. The Table also

reportsresultsforthereverseorder.

Δ Δ t t -1 t -1 t

X

= A ( L )

X

+

z

+ + α μ ε (9)

Estimation results in Table 4 indicate that real oil price and relative productivity explain the

preponderance of their forecast error variance for Germany. Perhaps the most important finding is that

real oil price, government spending and productivity innovations account for over 85 percent of the

forecast error variance of the real exchange rate for both Germany and Japan. Second, of the three

factors r elative g overnment spending innovations seem to be the most important source accounting for

roughly64percentoftherealDollar/Yenratevariability, and 33 percent of the Dollar/Mark variability.

This is compatible with the earlier finding of a higher long run elasticity of real exchange rate with

respect to relative government spending. Notice that real oil price, relative productivity, and

government spending all seem to be important in explaining the real Dollar/Mark rate. However, the

effect of relative productivity on the real Dollar/Yen rate is minimal, and it is relative government

spending that seems to be the most important source of variability in the real Dollar/Yen rate. Given

theU.S.tradedeficitwithJapanandincreasingpressuresforprotectioninthe U.S., this result seems to

suggest that relative government spending is the most important source of changing competitiveness in

the U.S./Japan case. In order to check the robustness of the results to the ordering in Choleski

decomposition, we also report results from a reverse order in the Choleski decomposition. Reversing

theorderdoesnotsignificantlyalter the main results; real shocks particularly real government spending

shocksstillaccountforasizableproportionoftherealexchangerateforecasterrorvariance.

4.ConcludingDiscussion

An important question in empirical international finance is whether purchasing power parity

holds or there exists a stable real exchange rate. The importance of PPP is that it makes international

real purchasing power comparisons possible using a common currency, and nominal exchange rates.

Second, since the real exchange rate is a relative price which is a measure of competitiveness, its

movement has important resource allocation effects. It has long been recognized that if there are non-

traded goods, and if the relative price of non-traded goods changes, a bias will be introduced to PPP.

There are many potential disturbances that can cause changes in the equilibrium price of non-traded

goods. This paper attempts to test the biases caused by several real disturbances. First using quarterly

data from the post-Bretton Woods period for Germany, Italy, and Japan vs. the United States and

nominal exchange rates, the evidence is generally supportive of the hypothesized biases introduced by

relative productivity, government spending, and real world oil price. Our results seem to be

inconsistent with the findings of Cheung and Lai (1993) who report favorable evidence to long run

PPPforanumberofcountriesincludingGermany.Thestudyusesmonthlydata and two different price

indices, the w holesale price index, and consumer price index, which might account for the discrepancy

in the findings. We then estimate a real exchange rate equation for Germany and Japan. The results

indicatethatincreasesinproductivityin tradables and real government spending at home relative to the

U.S.,areassociatedwithappreciationofthe real Yen and Mark rates in the long run whereas increases

in real oil price is associated with depreciation of these rates. We also estimate a Vector Error

Correction Model for Germany and Japan with real oil price, productivity, government spending and

the real exchange rate to characterize short run dynamics. Variance decompositions based on the

VECMindicatethatrealshocksaccountforasizableproportionofrealexchangerateforecasting error

variance and government spending shocks seem to be the most important source in real exchange rate

movements particularly in the Japan/U.S. case. There seems to be a growing evidence that

productivity, government spending, and oil price shocks influence the purchasing power of currencies.

Using a model based on uncovered interest parity and accounting for productivity, fiscal, and oil price shocks, Throop (1993) outperforms the random walk in- and out-of-sample forecasting. These results

imply t hat r eal s hocks identified to be empirically important in determining the equilibrium value of the

dollar should be taken into account in macroeconomic policy in addition to monetary policy

instruments.Moreover,assumingtheconventionallinkbetweenthe real exchange rate and trade flows,

these results have an important bearing on trade policy since the persistent U.S. trade deficit

particularlywithJapanisoftenaccompaniedbycallsforincreasedprotection.

It s hould b e n oted t hat t he e mpirical p art o f t his p aper i s l imited t o t esting d eviations from PPP

and accounting for real biases introduced to PPP. In particular, we investigated sources of real

exchange rate movements accounting for several real disturbances. However, the real exchange rate

mayrespondtoanumberofrealfactorsinthelongrun,andnominalfactorsintheshortrun. Following

a modelling strategy similar to Dibooglu and Enders (1994), one can obtain a rich set of dynamics by

incorporating long-run properties with short run dynamics and by incorporating nominal shocks into

theanalysis.

REFERENCES

Abuaf, N., and Jorion P. (1990). Purchasing Power Parity in the long run. Journal of Finance, 45 ,

157-174.

Baillie, R. T., and Pecchenino, R. A. (1991). The search for equilibrium relationships in international

finance:Thecaseofthemonetarymodel.JournalofInternationalMoneyandFinance, 10 ,582-593.

Baillie, R. T., and Selover, D. D. (1987). Cointegration and models of exchange rate determination.

InternationalJournalofForecasting, 3 ,43-51.

Balassa, B. (1964). The purchasing power parity doctrine: A reappraisal. Journal of Political

Economy, 72 ,584-596.

Beveridge, S. and Nelson, C. (1982). A new approach to decomposition of economic time series into

permanent and transitory components with particular attention to measurement of the ’Business

Cycles’.JournalofMonetaryEconomics, 7 ,151-174.

Bhagwati,J.(1984).Whyservicesarecheaperinpoorcountries?EconomicJournal, 94 ,279-286.

Blanchard, O. J., and Quah, D. (1989). The dynamic effects of aggregate demand and supply

disturbances.AmericanEconomicReview, 79 ,655-673.

Cheung, Y. and Lai, K. S. (1993). Long-run purchasing power parity during the recent float. Journal

ofInternationalEconomics, 34 ,181-192.

Corbae, D., and Ouliaris, S. (1988). Cointegration and tests of purchasing power parity. Review of

EconomicsandStatistics, 70 ,508-511.

Corden, W. M. (1985). Inflation, Exchange Rates, and the World Economy. 3rd Edition. Oxford:

ClarendonPress.

Davutyan, N., and Pippenger, J. (1985). Purchasing power parity did not collapse during the 1970s.

AmericanEconomicReview, 75 ,1151-1158.

Dibooglu, S., and Enders, W. (1993). Multiple cointegrating vectors and structural economic models:

an application to the French Franc/ U.S. Dollar exchange rate. Forthcoming in Southern Economic

Journal.

Dornbusch, R. (1974). Real and monetary aspects of the effects of exchange rate changes. In A. Z.

Aliber (Ed.), National Monetary Policies and the International Financial System (pp. 64-71).

Chicago:UniversityofChicagoPress.

Dornbusch, R. (1976). Expectations and exchange rate dynamics. Journal Of Political Economy, 84 ,

1161-1176.

Dornbusch,R.(1980).OpenEconomyMacroeconomics.NewYork:BasicBooks,Inc.

Dornbusch, R., Fischer, S., and Samuelson, P. (1977). Comparative advantage, trade, and payments in

aRicardianmodelwithacontinuumofgoods.AmericanEconomicReview, 67 ,823-839.

Enders, W. (1988). ARIMA and cointegration tests of PPP under fixed and flexible exchange rate

regimes.ReviewofEconomicsandStatistics, 70 ,504-507.

Engle, R. F., and Granger, C. W. J. (1987). Co-integration and error correction: representation,

estimation,andtesting.Economterica, 55 ,251-276.

Frenkel, J. A. (1981). The collapse of PPP during the 1970’s. European Economic Review, 16 , 145-

165.

Frenkel, J. A. and Razin, A. (1992). Fiscal Policies and the World Economy. Second Edition.

Cambridge,MA:MITPress.

Friedman, Benjamin M. (1992). Learning from the Reagan deficits. American Economic Review, 85 ,

299-304.

Gartner, M. (1993). Macroeconomics under flexible exchange rates. New York: Harvester

Wheatsheaf.

Gartner, M . a nd U rsprung, H . W . ( 1986). A s tructural m odel o f p rice a nd e xchange rate dynamics in a

smallopeneconomy.JournalofEconomics, 40 ,321-342.

Granger,C.W.J.(1983).Cointegratedvariablesanderrorcorrectingmodels.UCSDWorkingPaper.

Hall, A. (1990). Testing for a unit root in time series with pretest data based model selection. Mimeo,

NorthCarolinaStateUniversity.

Huizinga, J. (1987). An empirical investigation of the long run behavior of real exchange rates.

Carnegie-RochesterConferenceSeriesonPublicPolicy, 27 ,149-214.

Johansen, S. (1988). Statistical analysis of cointegration vectors. Journal of Economic Dynamics and

Control, 12 ,231-254.

Johansen, S. and Juselius, K. (1990). Maximum likelihood estimation and inference on cointegration-

withapplicationstothedemandformoney.OxfordBulletinofEconomicsandStatistics, 52 ,169-210.

Kravis, I., and Lipsey, R. (1983). Toward an Explanation of National Price Levels. Princeton Studies

inInternationalFinance.No.52.PrincetonUniversityPress.

Krugman,P.(1988).Externalshocksanddomesticpolicyresponses.In The Open Economy: Tools for

Policymakers in Developing Countries, pp. 54-79. Dornbusch, R., and Helmers, F. L. C. H., eds.

WashingtonD.C.:TheWorldBank.

Lastrapes, W. (1992). Sources of fluctuations in real and nominal exchange rates. Review of

EconomicsandStatistics, 74 ,530-539.

Lee, B. S., and Enders, W. (1991). Accounting for real and nominal exchange rate movements in the

post-BrettonWoodsperiod.UnpublishedPaper.IowaStateUniversity,Ames,IA.

L�tkepohl, H

., a nd R eimers, H

. E. (1992). Impulse response analysis of cointegrated systems. Journal

ofEconomicDynamicsandControl, 16 ,53-78.

Mark, N. C. (1990). Real and nominal exchange rates in the long run: an empirical investigation.

JournalofInternationalEconomics, 28 ,115-136.

Masson, P., and Blundell-Wignall, A. (1985). Fiscal policy and the exchange rates in the big seven:

transmissionofU.S.governmentspendingshocks.EuropeanEconomicReview, 28 ,11-42.

Samuelson, P. A. (1965). Theoretical notes on trade problems. Review of Economics and Statistics,

46 ,145-154.

Taylor, M. P. (1988). An empirical examination of long-run purchasing power parity using

cointegrationtechniques.AppliedEconomics, 20 ,1369-1381.

Throop, Adrian W. (1993). A generalized uncovered interest parity model of exchange rates.

EconomicReview,FederalReserveBankofSanFrancisco, 2 ,3-16.

Urbain, Jean-Pierre. (1992). On weak exogeneity in error correction models. Oxford Bulletin of

EconomicsandStatistics, 54 ,187-207.

Table1.AugmentedDickey-Fuller(ADF)Tests.

Germany Italy Japan

No No No

Variables Trend Trend Trend Trend Trend Trend

s

t

-1.47 -1.96 -1.90 -1.22 -0.87 -2.56

(p

t

-p

t

*) -2.23 -0.730.48 -2.78 -0.42 -2.95

r

t

-1.96 -1.75 -1.19 -1.75 -1.98 -2.57

(pr

t

-pr

t

*) -2.31 -3.38 -0.14 -1.97 -0.14 -1.87

(g

t

-g

t

*) -0.48 -2.08 -1.54 -1.06 -3.69 -2.52

rop

t

-1.30 -1.36

FirstDifferences

Δs_t -4.59 -4.61 -3.77 -4.11 -4.50 -4.52 Δ(p_t-p_t*) -2.90 -3.70 -2.84 -4.19 -4.48 -4.31 Δr_t -3.83 -3.94 -4.26 -4.39 -4.40 -4.43 Δ(pr_t-pr_t*) -4.83 -4.93 -4.98 -4.94 -4.55 -4.51 Δ(g_t-g_t*) -5.84 -6.62 -5.42 -5.39 -6.49 -6.99 Δrop_t -5.47 -5.42

Notes:

(1) Definition of the Variables: s

t

, nominal, period average exchange rate (e.g., Marks per US

Dollar); p

t

, price level as measured by the GNP deflator, except for Italy where it is measured

bytheGDPdeflator;pr

t

,productivityrateoftradablesasmeasuredbyproductivityindexofthe

manufacturing sector; g

t is real government expenditure; rop

t is world real oil price deflated by

OECD price index; an asteriks denotes U.S. counterparts, and all variables are measured in

logarithms.

(2) The critical value for 70 degrees of freedom at the 0.05 significance level is -2.90 for the no-

trendcase,and-3.47forthetrendedcaserespectively.Sampleperiodis1974.I-1990.IV.

Table2.Cointegrationtestsofthenominalexchangerate

λ_{t r} λ_{m a x} R e s t r i c t i o n s

N u l l r = 0 r≤1 r≤2 r≤3 r≤4 r = 0 r = 1 r = 2 r = 3 r = 4 H

1

H

2

H

3

G e r m a n y 8 9 . 6 1 5 3 . 5 6 2 8 . 5 7 1 3 . 9 9 4 . 0 2 3 6 . 0 5 2 4 . 9 8 1 4 . 5 7 9 . 9 7 4 . 0 2 0 . 0 8 5 0 . 0 0 0 0 . 0 0 0

I t a l y 9 5 . 0 7 4 3 . 5 6 2 5 . 8 8 1 0 . 7 2 1 . 6 8 5 1 . 5 0 1 7 . 6 8 1 5 . 1 5 9 . 0 4 1 . 6 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

J a p a n 1 0 0 . 1 35 9 . 7 6 3 1 . 2 6 1 3 . 0 2 0 . 0 9 4 0 . 3 6 2 8 . 5 0 1 8 . 2 3 1 2 . 9 0 0 . 0 9 0 . 2 7 9 0 . 0 0 0 0 . 0 0 0

N o t e s :

1 ) V a r i a b l e s i n c l u d e d i n t h e V A R : s t , ( p

t

- p

t

* ) , ( p r

t

- p r

t

* ) , ( g

t

- g

t

* ) , a n d r o p

t

.

2 ) M a x i m u m l a g i n t h e V A R i s 4 f o r G e r m a n y a n d J a p a n , 5 f o r I t a l y .

3 ) S a m p l e p e r i o d i s 1 9 7 4 . I - 1 9 9 0 . I V .

4 ) C r i t i c a l v a l u e s f o r t h eλ

t r s t a t i s t i c a t 5 % s i g n i f i c a n c e l e v e l a r e 7 0 . 5 9 ( r = 0 ) , 4 8 . 2 8 ( r≤1 ) , 3 1 . 5 3 ( r≤2 ) , 1 7 . 9 5 ( r≤3 ) , a n d 8 . 1 8 ( r≤4 ) , w h e r er

i s t h e n u m b e r o f c o i n t e g r a t i n g v e c t o r s . T h e c r i t i c a l v a l u e s f o r t h eλ

m a x s t a t i s t i c a r e 3 3 . 3 1 ( r = 0 ) , 2 7 . 1 4 ( r = 1 ) , 2 1 . 0 7 ( r = 2 ) , 1 4 . 9 0 ( r = 3 ) , 8 . 1 8

( r = 4 ) .

5 ) H

1 t e s t s t h e p r o p o r t i o n a l i t yb e t w e e nn o m i n a le x c h a n g er a t ea n dp r i c e s(β

1

= 1 i n e q u a t i o n5 ) ,H

2 t e s t ss t r i c tP P P(β

1

= 1 ,β

2

= 0 ,β

3

= 0 , a n dβ

4

= 0

i n e q u a t i o n5 ) ,H

3 t e s t sm o d i f i e dP P P(β

2

= 0 ,β

3

= 0 ,a n dβ

4

= 0 i n e q u a t i o n5 ) ,a n dt h ee n t r i e su n d e rH

i i nt h et a b l ei n d i c a t em a r g i n a l

s i g n i f i c a n c e l e v e l s ( i . e . , p - v a l u e s ) .

T a b l e 3 . C o i n t e g r a t i o n t e s t s o f t h e r e a l e x c h a n g e r a t e

λ_{t r} λ_{m a x}

N u l l r = 0 r≤1 r≤2 r≤3 r = 0 r = 1 r = 2 r = 3

G e r m a n y 5 9 . 4 2 2 3 . 4 8 9 . 0 3 0 . 0 4 3 5 . 9 4 1 4 . 4 5 8 . 9 9 0 . 0 4

J a p a n 5 3 . 9 3 2 4 . 3 7 7 . 3 8 0 . 0 7 2 9 . 5 6 1 6 . 9 9 7 . 3 1 0 . 0 7

N o t e s :

1 ) V a r i a b l e s i n c l u d e d i n t h e V A R : r

t

, ( p r

t

- p r

t

* ) , ( g

t

- g

t

* ) , r o p

t

. M a x i m u m l a g i s 4 f o r G e r m a n y , 8 f o r J a p a n . S a m p l e p e r i o d i s 1 9 7 4 . I - 1 9 9 0 . I V .

2 ) C r i t i c a lv a l u e sf o rt h eλ

t r s t a t i s t i ca t5%s i g n i f i c a n c el e v e la r e4 8 . 2 8( r = 0 ) ,3 1 . 5 3( r≤1 ) ,a n d1 7 . 9 5( r≤2 ) ,a n d8 . 1 8( r≤3 )w h e r eri st h e

n u m b e r o f c o i n t e g r a t i n g v e c t o r s . T h e c r i t i c a l v a l u e s f o r t h eλ

m a x s t a t i s t i c a r e 2 7 . 1 4 ( r = 0 ) , 2 1 . 0 7 ( r = 1 ) , 1 4 . 9 0 ( r = 2 ) , a n d 8 . 1 8 ( r = 3 ) .

Table4.VarianceDecompositions(16quarters)

InnovationIn

rop (pr-pr*) (g-g*) r

GERMANY:

rop 82.16 11.764.711.36

(pr-pr*)6.66 83.418.081.83

(g-g*) 34.63 23.55 26.83 14.97

r 26.05 27.65 33.13 13.16

R e v e r s e O r d e r

rop 80.10 11.994.383.52

(pr-pr*)4.04 86.965.403.60

(g-g*) 29.11 17.91 30.60 22.37

r 31.04 20.93 32.36 15.66

JAPAN:

rop 75.091.84 17.785.27

(pr-pr*) 20.15 11.80 51.79 16.24

(g-g*)7.461.78 56.77 33.97

r 16.826.50 64.12 12.54

ReverseOrder

rop 74.431.84 13.69 10.03

(pr-pr*) 16.14 12.20 47.35 24.29

(g-g*)7.962.90 55.55 33.57

r 17.543.72 62.86 15.85

Endnotes

1. Earlier evidence provided by Frenkel (1981) shows that PPP does not hold, whereas Davutyan and Pippenger (1985) finds supportive

evidence. More recently an increasing number of studies found evidence that real exchange rates are integrated stochastic processes [e.g.,

CorbaeandOuiliaris(1988),Enders(1988),Mark(1990)],whereasAbuafandJorion(1990)disputethisevidence.

2. Equation (4) provides the basis for the definition of the real exchange rate as the relative price of tradables (i.e., -ρ). See, for example

Krugman(1988),andEdwards(1989).

3. Different variants of the Ricardian framework where prices are determined by unit labor costs have been used to explain changes in

equilibriumrelativepricesoftradedgoods.See,forexample,Dornbusch,Fisher,andSamuelson(1977).

4. A sufficient condition for technological progress in the traded goods sector to increase the relative price of non-traded goods is assuming

homotheticpreferences.

5.DetailsoftheeffectsofgovernmentspendingcanbefoundinFrenkelandRazin(1992).

6. Pioneering work in the area of cointegration is due to the Granger Representation Theorem. See Granger (1983), and Engle and Granger

(1987).

7.Strictlyspeaking,sinceweproxygovernmentspendingonhomegoodsbygeneralgovernmentspending,itscoefficientcanbeofeithersign.

8.Thisislikelytoreducethenumberofcointegratingvectorswhichcircumventstheproblemofinterpretingmultiplecointegratingvectors.

9.Theimplicationisthatproductivity,governmentspending,andrealoilpricearenot"errorcorrecting",i.e., the cointegrating vector does not

appear in the equations for these conditioning variables. Details on weak exogeneity within the context of cointegration and error correction

canbefoundinUrbain(1992).

10.ForinnovationaccountingwithcointegratedvariablesseeL�tkepohlandReimers(1992).