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Abstract

The paper investigates, using a threshold autoregression m odel, the nature o f  nonlinear 
adjustm ents in real exchange rates (RER s) arising from  the presence o f  transaction costs 
and uncertainty, and their im plications for the testing o f  unit roots. Using m onthly data 
for the U.S. vis-a-vis 19 trading partners we find that m ost RERs are better characterized 
by a m ean reverting nonlinear stochastic process, with large changes converging faster 
than small changes. It is found that, across countries and com m odity groups, there is an 
association betw een geographical and trade related proxim ity  and the estim ated speeds o f  
adjustm ent. In addition, policy agreem ents that m itigate exchange rate uncertainty such 
as the Louvre A ccord could have contributed to greater international com m odity 
arbitrage.
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1. Introduction

The doctrine o f  purchasing pow er parity (PPP), or its variant the Law  o f  One 

Price (LO O P), in its absolute form  states that a com m on basket o f  goods, expressed in 

term s o f  a single currency, costs the sam e in all coun tries1. The parity condition rests on 

the assum ption o f  perfect inter-country com m odity arbitrage, and is the central building 

block o f  m any theoretical and em pirical m odels o f  exchange rate determ ination (see 

R ogoff (1996) and Froot and R ogoff (1995) for recent reviews o f  this literature). Due to 

factors like transaction costs, taxation, subsidies, trade restrictions and other non-tariff 

barriers, foreign exchange m arket interventions, im perfect com petition, the existence o f  

non-traded goods, and the differential quality and com position o f  m arket baskets o f 

com m odities and price indices across countries, one m ay expect PPP to hold only in the 

long-run and not in the short-run.

For the m ost part, the em pirical literature has found that real exchange rates 

(RER s) tend toward PPP in the very long run (i.e.. it takes m any years rather than a few  

m onths). The speed o f  convergence to PPP is extrem ely slow; deviations appear to dam p 

out at a rate o f  roughly 15 percent per year. In fact a large body o f  w ork (A dler and 

Lehm an (1983), and H uizinga (1987), to nam e a few ) found that RERs follow  a random  

w alk. Using standard unit root tests, Corbae and Ouliaris (1988), M eese and R ogoff

(1988), Grilli and K am insky (1991) cannot reject the null o f  unit root for RER s for the 

m anaged float regim e, w ith the im plication that the deviations from PPP persist over long 

periods o f  tim e. In contrast, Frankel and Rose (1996), Lothian (1997), Pappel (1997) and 

Pappel and Theodoridis (1998) find strong evidence o f  m ean reversion in RERs by

1 In its relative version. PPP states that the rate o f  change in the nom inal exchange rate equals the 

diffe rentia l between the growth rates in hom e and foreign price indices.
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im plem enting the panel data variants o f  standard unit root tests. O 'C onnel (1998), on the 

other hand, finds that once the cross-sectional dependence in the exchange rates is 

accounted for. one cannot reject the unit root hypothesis even in panel data.

Recently, a series o f  alternative explanations base the persistence o f  deviations 

from  PPP on the presence o f  m arket frictions that im pede inter-country com m odity  trade 

and arbitrage2. D um as (1992), Uppal (1993), Sercu. Uppal and Van Hulle (1995) and 

Colem an (1995) develop dynam ic general equilibrium  m odels o f  real exchange rate 

determ ination w hich takes into account transaction costs and show s that the process o f  

adjustm ent o f  RER s tow ards a PPP equilibrium  is non-linear. These m odels predict that 

there exist som e "bands o f  inaction" in exchange rate adjustm ent w hose w idth is related 

to the uncertainty regarding the perm anence o f  the shocks causing price changes, w ithin 

w hich arbitrage is not profitable due to sunk costs (D ixit (1989) and K rugm an (1989)). 

These costs include, inter alia, transport costs, trade barriers and costs o f  setting up or 

buying foreign retail d istribution netw orks. As a result, deviations from  PPP w ithin these 

bands are left uncorrected. How ever, deviations outside these bands (i.e.. w here price 

differences exceed transaction costs) will be arbitraged aw ay by m arket forces. Sim ilarly, 

the adjustm ents in relative prices across borders will also be affected by the perceived 

uncertainty in exchange rate m ovem ents. For exam ple, w ith a greater degree o f 

uncertainty, firm s becom e less w illing to change their prices since the exchange rate may 

m ove back after the price change and another price change in the opposite direction may 

then be necessary (Delgado (1991)). Em pirically, im plications o f  som e o f  the above 

argum ents are that deviations from PPP follow a nonlinear stochastic process that is

■ Long ago. Heckscher (1 9 1 6 ) argued that international transaction costs could prevent deviations from  PPP 

correct themselves out in the short-run.



m ean-reverting w ith the degree o f  m ean reversion differing across different thresholds, 

and that the degree o f  m ean reversion in RERs is related to factors such as geographical 

and trade related proxim ity across countries, m arket structure and uncertainty about 

exchange rate m ovem ents.

In an initial attem pt to test these predictions, a series o f  papers have attem pted to 

fit threshold autoregression type non-linear stochastic processes to real exchange rate 

data-’. Using the exponential sm ooth transition autoregression (ESTA R) m odels, allowing 

for the degree o f  m ean reversion to differ across regim es that change sm oothly, M ichael, 

N obay and Peel (1997) and Baum, Cagalayan and Barkoulas (1998) find that the mean 

reversion is significant for sizeable deviations from  PPP4. O bstfeld and Taylor (1997) use 

a threshold autoregression (TAR) that allow s for convergence speeds to differ across two 

separate regim es - one when deviation from  PPP is inside the band and the other w hen it 

is outside the band - and find that the degree o f  m ean reversion is stronger in the latter 

than in the former. In addition. Cheung, Chinn and Fujii (1999) find that exchange rate 

uncertainty has a negative effect on m ean reversion coefficients.

An im portant lim itation o f  m ost o f  the above studies is that they assum e that the 

RERs are (trend) stationary and detrend the series under consideration prior to fitting a 

T A R  m o d e l'. Such an approach has serious im plications for the statistical tests as well as

’ P ippenger and G oering  (1 9 9 3 ) find that the standard A D F  tests for unit roots have very low  pow er against 
non-linear stationary alternatives, im plying  that even i f  the true data generating process for real exchange 
rate is a threshold autoregression type non-linear stationary process, these tests typ ic a lly  fail to reject the 
null o f  unit root. T he  study underscores that ignoring non-linear adjustments in m odeling  RER s m ay have 

contributed to so m anv studies find ing unit roots.4 '
M ichael, N obay and Peel (1 9 9 6 ) analyze historical (annual) data over tw o  hundred years, whereas Baum, 

Cagalayan and Barkoulas (1 9 9 9 ) analyze m ulti-country  (m o n th ly ) data on R ER s from  the post-Bretton  
W oods period.

5 This procedure is jus tified  by arguing that these studies w ere not concerned w ith  m odeling  the long-run  

trend behavior of the equ ilibrium  price difference, but only  w ith  the short-run properties o f  the adjustment 
towards equ ilibrium .



the estim ates o f  convergence speeds. First, by assum ing away that RERs are (trend) 

stationary, these papers do not attem pt to reconcile the non-linear adjustm ent they find 

w ith the evidence in favor o f  unit roots that past studies have found. Second, if  the 

assum ption o f  (trend) stationarity  is not valid and the RERs contain  unit roots in all 

regim es, their tests o f  non-linearity  w ill lead to incorrect inferences, as these tests will 

have non-standard asym ptotic distributions. Third, even if  the assum ption o f  trend 

stationarity in RER s is valid, a linear detrending o f  these series prior to fitting a TA R 

m odel can seriously bias the estim ates o f  the convergence speeds if  the drift and trend 

coefficients in RER s differ across thresholds.

As for the finding that estim ated m ean reversion coefficients are negatively 

related to the uncertainty in exchange rate m ovem ents, it is difficult to give a causal 

interpretation because o f  the potential reverse feedback betw een exchange rate volatility  

and the speed o f  adjustm ent in relative prices. For exam ple, not only does exchange rate 

volatility  m ake potential arbitrageurs less responsive to exchange rate changes, the low 

responsiveness itse lf may raise the am plitude o f  equilibrium  RER fluctuations (K rugm an 

(1989)).

This paper attem pts to overcom e these lim itations by the explicit and 

sim ultaneous m odelling o f  possible non-stationarity  and TA R type non-linearity  in RERs 

using the Threshold A utoregression-U nit Root (TA R -U R) test procedures o f  C aner and 

Hansen (1998). To the extent these tests allow  for the joint consideration o f  non-linearity 

(thresholds) and non-stationarity (unit roots), the present work does not suffer trom  the 

lim itations m entioned earlier. In addition, the fram ew ork allow s us to estim ate 

(conditional) convergence speeds o f  large versus small deviations trom  PPP w ithout
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im posing any assum ption on long-run trending behaviour and hence provides more 

accurate estim ates than those o f  previous studies. To control for the potential endogeneity 

o f  variations in RERs, we propose to exam ine the speeds o f  adjustm ent in RERs over 

different sub-periods associated w ith changes in the international exchange rate regime, 

such as the P laza and Louvre A ccords, which have im plications for exchange rate 

uncertainty.

The rest o f  the paper is organised as follows. Section 2 outlines the general form 

o f  the TA R m odel that is estim ated, including the proposed tests for non-linearity and 

unit roots. In Section 3, these tests are applied to a sam ple o f  19 bilateral RERs pertaining 

to the U.S vis-a-vis its trading partners. W e also investigate the relationship betw een the 

speed o f  convergence in RERs and geographical and trade related proxim ity, and the 

impact o f  changes in exchange rate arrangem ents am ong the m ajor industrialized 

countries on international com m odity arbitrage. W e conclude in Section 4 and provide 

directions for future research.



2. Econometric Methodology

Follow ing recent developm ents in the non-linear tim e series literature, we attem pt to test 

for unit roots in a TA R m odel o f  real exchange rates. The proposed em pirical m odel is 

the follow ing threshold autoregression6:

4y, = ^ - i 1^ . l<<i! + 0 2 ' V i 1;z1.,«! + e t '  0 )

t = 1 ,...,T , w here x,./ = (y,.i t 1 Ayt.i ... Ayt-k)', 1 is an indicator function. et is an iid 

error, and Z t = y t - y,.m for some m > 1. The particular specification for the threshold 

variable Z t-i is not essential to the analysis. In general, what is necessary is that Z t-i is 

predeterm ined, strictly stationary and ergodic w ith a continuous distribution function. 

The threshold X is unknown; it takes on values in the interval X e  A = [Xi, ^ i], w here Xi 

and X2 are picked so that P  (Zt < X,) = 711 > 0 and P  (Z t < Xj) = 712 < 1. The specification 

o f  tii and 7x2 is inherently arbitrary, and in practice m ust be guided by the consideration 

that each "regim e" needs to have sufficient observations to adequately identify  the 

regression param eters7.

For some o f  our analysis, it is convenient to explicitly partition vectors 9 | and 02 

as follows:

/  \ f  \
P i P i

A and 0 , = Pi
A /■h

J U :  J

The m aterial in this section is heavily  borrowed from  C aner and Hansen (19 9 8 ).

For the em pirical w ork  reported in the next section we set tti = 0 . 1 5  and Tti =  0 .85 . These choices impose  

the restriction that no "regim e" has less than ISpercent o f  the total sample.
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where a i  and a .2 are each k-vectors containing the coefficients on k-lagged dependent 

variables, and the rem aining param eters are scalar. Thus, (^ i, (1 2 ) are the intercepts, (p i, 

P2) the trend slopes, (p i, p :) are the slope coefficients on yt-1, and ( a i ,  (X2) are the slope 

coefficients on (Ayt- i,. . . ,  Ayt-k) in the tw o regim es.

For each i e A .  the T A R  m odel (1) is estim ated by ordinary least squares (OLS):

The LS estim ates o f  the other param eters are then found by plugging in the point estim ate

/t, v is

Let,

/■

be the OLS estim ate o f  a 2 for fixed X. The least-squares estim ate o f  the threshold X is 

found by m inim izing a 2(k):

A. I
A =  a rg m in f r i (/l).

<9, = 0, (A) and 0 Z = 0 Z( J).

We can therefore w rite the estim ated m odel as

which also defines the LS residuals e,.



The estim ates from  (3) can be used for m aking inferences concerning the 

param eters o f  (1) using standard W ald statistics. W e are particularly  interested in 

restrictions concerning the presence o f  a threshold and a unit root. First, the threshold 

effect disappears under the jo in t hypothesis

H o: 9 i =02.  (4)

O ur test o f  (4) is the standard W ald statistic W j for this restriction. To establish notation, 

let

Wr (Z)  = T
a 2 (A)\ ^J  )

denote the W ald statistic for hypothesis (4) for fixed X from  regression (2), w here Go2 

is the residual variance from  the OLS estim ation o f  the null linear m odel. It is useful to 

note that because since W T(1) is a decreasing function o f  a 2(X), the follow ing 

relationship is obtained:

Wr =iVr (X) = s u p W r (A).
/leA

The other hypothesis o f  m ajor interest is the presence o f  a unit root in the 

autoregressive structure. A unit root in yt_i occurs in (1) w hen

H0: p i = p 2 = 0. (5)

The standard test for (5) is the W ald statistic R t from  (3). To fix notation, let R](A.) be the 

standard W ald statistic for hypothesis (5) for fixed X:

R r = R r ( i ) .
The statistic /?7-may be view ed as a tw o-param eter generalization o f  the standard D ickey- 

Fuller statistic.



In sum , from  the estim ates obtained from (3) we have proposed two W ald tests - 

WT and R r  - w hich test restrictions on the coefficients im plying, respectively, the absence 

o f  threshold effects and the presence o f  a unit root. W hile the statistics are standard, their 

sam pling distributions are non-standard. The W ald test for threshold  effects has a non

standard asym ptotic null d istribution due to the presence o f  a  param eter X (w hich is not 

identified under the null  hypothesis) and. partially, due to the assum ption o f  near non- 

stationary autoregression. The W ald test for a unit root on the other hand, has an 

asym ptotic null distribution, w hich depends upon w hether or not there is a true threshold 

effect, but it is free o f  nuisance param eters. Follow ing C aner and Hansen (1998), we 

com pute the p-values associated w ith the test statistics from  bootstrap sim ulations.

3. Data set and Results 

3.1 Data

The m ain variable o f  interest is the real exchange rate com puted as the relative 

price ratio o f  a basket o f  com m odities in two countries expressed in a com m on currency. 

CPI for both aggregate and disaggregate com m odity groups is used for m easuring price 

levels in each country. In all cases, the US is considered as the hom e country and the 

nom inal exchange rates that are used are end-of-m onth bilateral US dollar exchange 

rates. The study is undertaken for the period 1978-1998 for a broad set o f  U.S. trading 

partners: 19 countries for aggregate CPI-based m easures, and 8 to 13 countries for 

disaggregated com m odity group CPI indices.

All series, except the disaggregated com m odity-w ise price indices, are from  the 

International M onetary Fund's International Financial S ta tistics Database. The countries 

analyzed with aggregate CPI are: A ustria. Belgium. Denm ark. France, Germ any. Greece.



Italy. Japan. Korea. M exico. N etherlands. N orw ay. Portugal. Singapore. Spain. Sweden. 

Switzerland. UK and Canada. The disaggregated com m odity-group wise data - for food 

and transportation - is the Engel and Roger data set used in Engel. H endrickson and 

Rogers (1997). The countries in this data set include Belgium . France. Germ any. Hong 

Kong. Japan. Korea. N etherlands. N orw ay. Singapore. UK. Greece. Austria. Denm ark. 

M exico and Spain.

3.2 Results

Before proceeding with the discussion o f  the results o f  the TA R model, two 

com m ents are in order. First, unlike previous studies, the threshold variable in our study 

is the cum ulative lagged change in the dependent variable (the long-difference). In fact, 

we take the absolute o f  the lagged value o f  long-difference o f  a series, so that the 

estim ated model is a double threshold AR m odel, with one type o f  adjustm ent w ithin the 

band and another type o f  adjustm ent outside the band. In addition, we do not fix a priori 

the delay param eter, m. that determ ines the cum ulated change in real exchange rates from 

d periods lagged. Instead, we endogenously determ ine it by choosing an optim al m that 

m inim izes the error sum  o f squares following an iterative procedure that is sim ilar to that 

used for estimating a 8. Second, since we allow  higher order dynam ics in equation (1). the 

choice o f lag length becom es an im portant issue. Unlike in the linear autoregression 

m odels, the standard Akaike Inform ation Criterion (AIC) is found to be quite misleading 

in detecting the appropriate lag length in TAR models. Follow ing W ong and Li (1998). 

we use a bias corrected AIC (AIC c ) to choose the lag length, p. tor the iagged dependent 

variable in estim ating equation (1). It should be noted, however, that the pow er properties

s W e also estimate our m odel ["■ fix ing  the dela \ param eter. d. to one. The results are q u a lita ti\e i>  similar.
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o f  AICc in the context o f  testing for unit roots in TA R m odels are not well understood. 

As m entioned above, the TA R  m odel is estim ated for aggregate price indices (CPI - 

overall) as well as tw o disaggregated com m odity price indices for a num ber o f  countries 

for the period 1978 to 1998. In this section, however, we discuss the results based on CPI 

- overall. CPI - food com m odities and CPI - transport services. The choice o f  the latter 

two series is m otivated by the fact that they broadly represent, respectively, tradable and 

non-tradable com m odity groups.

To link our w ork w ith previous studies in the literature that test for a unit root in 

real exchange rate series, we carry out a detailed univariate analysis o f  the long-run 

trends in the latter using the standard tests for unit roots. The results o f the A D F tests 

reported in Table 1 show  that for all series under consideration we cannot reject the null 

o f  unit root in RERs, as well as relative price ratios at 5 percent level o f  significance. 

Therefore, assum ing linear form  o f  adjustm ents in RERs, as these standard tests do, we 

cannot reject the hypothesis that deviations from  PPP will persist for a long tim e. The 

estim ated speeds o f  convergence (ps in equation (3)) and the associated conditional half

lives (CHL) reported in Table 2, also indicate that m ost o f  the series have very slow  

convergence rates and long half-lives, a finding consistent w ith previous studies.

Next, we turn to the estim ates o f  the TA R -U R  m odel (3). The computed p-values 

associated with the W ald test for non-linearity, reported in Table 3. clearly reject the null 

hypothesis o f  a linear A R  m odel in favor o f  a TA R m odel, indicating the significance o f  

non-linear adjustm ents for all exchange rates and relative price ratios under 

consideration. A lthough the finding o f  nonlinear adjustm ents in RERs is similar to that o f  

som e o f  the recent em pirical studies (Obstfeld and Taylor (1997) and M ichael. Nobay



and Peel (1997)), it is im portant to note that our finding is robust to the specification o f  

long-run trends in the RERs as we do not im pose the assum ption o f  trend stationarity  on 

the data. H aving found strong evidence in favor o f  TA R -type non-linearity , we now  turn 

to test for unit roots in RER s w ith a TA R m odel specification. The results for CPI - 

overall, reported in the second colum n o f  Table 4 show  that for 14 out o f  19 countries, 

the null o f  unit root is rejected at 10 percent level o f  significance, indicating that these 

countries’ RER s are better characterized by a TA R-type non-linear, but stationary 

stochastic process. This is an im portant finding as it im plies that once allow ance for some 

degree o f  non-linear adjustm ent is m ade in the m odel specification, the null o f  unit root in 

RER s is strongly rejected. This finding, coupled w ith the sim ulation study by Pippenger 

and G oering (1993), provides a probable explanation for w hy m any previous studies have 

found the presence o f  unit roots using linear m odels. The evidence against unit roots, 

sim ilarly, is stronger in the case o f  CPI -  food, where the null is rejected for 8 out o f  13 

series com pared to C PI-transport (an obvious non-tradable), where the null is rejected for 

only 3 series. The bootstrap p-values reported in Table 4 also indicate that these findings 

are relatively robust to small sam ple biases.

In order to understand the dynam ics o f  adjustm ent in RER s and relative price 

ratios better, we analyze the estim ated convergence speed and half-life o f  each series 

across thresholds9. The estim ates for CPI-overall, reported in Table 5, show  that the 

(absolute value of) adjustm ent coefficients and convergence speeds are h igher outside the 

threshold (regim e 2) than w ithin the threshold (regim e 1). Sim ilarly, the results also 

show  that the typical half-life o f  price differences outside the threshold band is 6 to 8

9 T he  adjustm ent coeffic ients  are a llow ed  to d iffe r from  zero under both regimes.
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m onths. In contrast, the linear A R  m odel im plies a typical half-life o f  about 18 to 20 

m onths (see Table 2). W e obtain broadly sim ilar results for the relative prices o f  food 

com m odities, although, not surprisingly, some estim ates for CPI-transport do not reflect 

this pattern (see Tables 6 and 7). W e find that our estim ates o f  convergence speeds (half

lives) are typically  h igher (low er) than those reported in earlier work. This m ay well be 

due to the general TA R  m odel specification that we em ploy w hich, unlike O bstfeld and 

Taylor (1997), does not im pose any restriction on the nature o f  long-run trends, the drift 

coefficients or autoregressive dynam ics. Our estim ates suggest that the im plied threshold 

value indicating the 'bands o f  inaction' constitutes about 2 to 9 percent o f  RERs across 

various countries and com m odity groups.

The results also indicate that while there is a relation betw een proxim ity 

(geographical and otherw ise) to the U.S and the threshold value, i.e., countries that are 

geographically close to the US and / or have greater degree o f  trade orientation w ith it 

have sm aller threshold  values com pared to the others, no such relation is discernible in 

the case o f  convergence speeds. In fact, for CPI-overall, the estim ated speeds o f 

convergence (and their ranks reported in the second colum n o f  Table 8) point out an 

apparently counterin tuitive pattern in the data, specifically , that the speed o f  adjustm ent 

in the RER betw een the US and Canada is the lowest am ong all countries. Sim ilarly, for 

C PI-food the speeds o f  adjustm ent for France, A ustria and N etherlands are m uch higher 

than that o f  Japan, Singapore and UK (second colum n o f  Table 9). Considering the 

possibility that this pattern m ay be due to differences in the observed variability o f 

relative prices and real exchange rates, we com pute the ranks o f  the estim ated speeds o f  

convergence for each country norm alizing with its coefficient o f  variation in RER. The



results, reported in the last colum ns o f  Tables 8 and 9 for CPI-all and C PI-food 

respectively, clearly indicate that once the degree o f  variation in RER s is controlled  for, a 

clear relation em erges betw een the speeds o f  adjustm ent and geographical and o ther trade 

related proxim ity. For exam ple, the speed o f  adjustm ent tow ards PPP equilibrium , for a 

given degree o f  variation in RERs, turns out to be m uch higher for Japan, Singapore, UK 

and C anada than  for the o ther countries. It is interesting to note that on average the A sian 

countries have m uch faster adjustm ent speeds (norm alized for variability) than the 

European countries. This m ay be due to increasing trade orientation o f  the US tow ards 

these econom ies during the floating exchange rate period and because o f  a high 

proportion o f  trade as a percentage o f  G N P in these econom ies.

As alluded to earlier, adjustm ents in relative prices across borders w ill also be 

affected by the perceived uncertainty in exchange rate m ovem ents. For exam ple, w ith a 

greater degree o f  uncertainty, firm s becom e less w illing to change their prices since the 

exchange rate m ay m ove back after a price change, and a subsequent price change in the 

opposite direction m ay be necessary, thereby underscoring that an increase in exchange 

rate uncertain ty  intensifies price stickiness (D elgado (1991)). In term s o f  our em pirical 

fram ew ork this could im ply a positive relation betw een exchange rate uncertainty and the 

persistence o f  deviations from  PPP equilibrium . To test w hether such a relation indeed 

exists, we need to deploy a m easure o f  exchange rate uncertainty; studies in the past have 

used standard deviation in nom inal exchange rates as one such m easure (see Cheung, 

C hinn and Fujii (1999) for a recent exam ple). These studies, how ever, do not control for 

the potential reverse feedback betw een exchange rate volatility  and the speed o f 

adjustm ent in relative prices. For exam ple, not only does exchange rate volatility  make
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potential arbitrageurs less responsive to exchange rate changes, the low responsiveness 

itse lf m ay raise the am plitude o f  equilibrium  real exchange rate fluctuations (K rugm an

(1989)).

To control for the potential endogeneity o f  variations in RERs, we take a slightly 

different approach by using som e historical inform ation about changes in exchange rate 

regim es that could have had im plications for exchange rate uncertainty. Two significant 

events in international exchange rate arrangem ents in the floating era are related to the 

Plaza and Louvre A cco rds,10 w hereby agreem ents were reached am ong the G-7 countries 

that favored coordinated in tervention in foreign exchange m arkets. In particular, these 

accords installed a loose regim e o f  reference ranges - w ithin w hich currencies are to be 

m aintained -  to try to im part stability in the foreign exchange m arkets. To facilitate this, 

the G-7 established a set o f  econom ic indicators to try to guide the effort to coordinate 

m acroeconom ic policies w ith the objective o f  lim iting international im balances and 

prom oting global growth. By highlighting the com m itm ent o f  m em ber countries for a 

coordinated approach to tackle their balance o f  paym ents (BO P) problem s, the 

arrangem ents have been expected to reduce uncertainty about exchange rate m ovem ents 

in m ajor currencies com pared to each country intervening unilaterally (Funabashi 

(1988)).

To understand the im pact o f  such a change in exchange rate arrangem ents on 

international com m odity arbitrage, we test whether the estim ated speeds o f  convergence 

in RERs is different across the pre-1987 and p o s t-1987 eras by adding an interaction 

dum m y variable w ith a lagged R ER  variable in equation (3). The estim ated speed o f

10 T he  Plaza and Louvre Accords cam e into effect from  Septem ber 1985 and February 1987. respectively.



convergence and the associated half-life outside the band are reported in Table 10 for 

CPI-all and Table 11 for CPI-food. The results indicate that for both com m odity groups 

in alm ost all countries, and m ost notably for the G-7 countries, the speeds o f  convergence 

outside the bands are higher during the post-1987 period com pared to the pre-1987 

period. Similarly, for CPI-all, the half-lives for the pre-1987 period range betw een 6 to 8 

m onths w hereas the typical half-life for the p o st-1987 period is in the range o f  3 to 5 

months. For CPI-food the half-lives range, respectively, from 3 to 6 m onths and 2 to 4 

months during these two periods. I f  one could conclude that coordinated interventions 

have indeed reduced uncertainty in foreign exchange m arkets, then our results would 

imply that such a reduction in uncertainty has resulted in faster international com m odity 

arbitrage11. This would com plem ent the evidence in previous studies that exchange rate 

volatility has an adverse effect on the volum e o f  international trade flows (see M cKenzie 

(1999) for a recent survey).

4. Conclusion

This paper is an attem pt to highlight the im portance o f  the presence o f  TA R-type 

non-linear adjustm ents in exchange rates arising from  im pedim ents to free international 

arbitrage in com m odity trading which can be attributed to. inter alia, the existence o f  

sunk costs and uncertainty. We sim ultaneously and explicitly model TA R-type non- 

linearities and unit root type non-stationarity in RERs (and relative price differences).

Using a sample o f  m onthly RERs for the period 1978-1998 com puted for a broad 

set o f  U.S. trading partners and across com m odity groups, we find that, for the most part.

11 Lopez (1 9 9 6 ) finds evidence in favor o f  cointegration am ong G -7  bilateral exchange rates during the 

post-Louvre Accord period.
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R ER s are better characterised by a TA R -type non-linear stochastic process that is 

strongly m ean reverting as against a linear unit root process; and the degree o f  mean 

reversion in deviations from PPP is significantly different across thresholds, with 

deviations outside the bands converging faster than those w ithin the bands. It w ould seem 

that unless there is a strong theoretical reason to believe that the data under consideration 

is driven by a (log) linear process (such as optim al consum ption paths under the 

perm anent incom e hypothesis or asset prices under rational expectations follow ing a 

random  w alk), any inference about unit roots in the data generation process using linear 

m odels m ay be an outcom e o f  neglected non-linearity. This point is sim ilar in spirit to 

that m ade by Perron (1989) about how  structural breaks in the data can, w hen neglected, 

bias inference about unit roots. It w ould be instructive to analyze the sensitivity  o f  the 

threshold autoregression model for neglected structural breaks, and we leave this for 

future research.

Our results reinforce the insight o f  previous studies regarding the presence o f  non

linear. but stationary, adjustm ents in RERs, although the estim ated convergence speeds in 

our study are m uch higher. It is found that there is an association betw een geographical 

and trade related proxim ity and the estim ated speeds o f  adjustm ent across countries and 

com m odity groups. Evidence put forward in the paper w ould seem  to indicate that policy 

agreem ents that m itigate exchange rate uncertainty such as the Louvre A ccord could have 

facilitated greater international com m odity arbitrage. This is congruent w ith findings in 

many studies that exchange rate volatility has an adverse effect on the volum e o f 

international trade flows.
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Table 1

Linear AR model : ADF statistics

Country CPI (all) CPI (food) CPI(trnsp.)

Austria -2.45 -3.05

Belgium -2.21 -3.29

Canada -1.81

Denmark -2.14 -2.99

France -1.96 -3.2
•

Germany -2.42 -3.19

Greece -2.15 -2.18 -3.32

Hong Kong -2.08 -3.29

Italy -2.36

Japan -2.4 -2.44 -2.89

Korea -2.07 -2.02

Mexico -2.96 -2.56

Netherlands -1.89 -3.22

Norway -1.99 -2.48 -2.51

Portugal -2.06

Singapore -2.04 -0.83 -1.68

Spain -2.35 -2.65

Sweden -2.16

Switzerland -2.35 -3.35

UK -2.35 -2.68

N ote: Critical value a t 5  percent is -3 .43



Table 2

Estimates of convergence speed (p) and conditional half-life (CHL)

(Linear AR model)

CPI (all) CPI (food) CPI (trnsp.)

Country P CHL P CHL P CHL

Austria -0.032 21.3 -0.037 18.4

Belgium -0.025 27.4 -0.04 17.0

Canada -0.021 32.7 0
Denmark -0.026 26.3 -0.037 18.4

France -0.025 27.8 -0.038 17.9

Germany -0.031 22.0 -0.03 22.8

Greece -0.028 24.4 -0.02 34.3 -0.03 22.8

Hong Kong -0.025 27.4 -0.03 22.8

Italy -0.03 22.8

Japan -0.033 20.7 -0.02 34.3 -0.028 24.4

Korea -0.037 18.4 -0.005 138.3

Mexico -0.065 10.3 -0.049 13.8

Netherlands -0.024 28.5 -0.0275 24.9

Norway -0.031 22.0 -0.036 18.9 -0.029 23.6

Portugal -0.022 31.2

Singapore -0.021 32.7 -0.027 25.3 -0.023 29.8

Spain -0.027 25.3 -0.044 15.4

Sweden -0.026 26.3

Switzerland -0.037 18.4 -0.076 8.8

UK -0.039 17.4 -0.0296 23.0

Note: CHL denotes the n um ber o f m onths it takes for 5 0  p ercent o f the shock to die out.



Table 3

Tests for linear AR model versus TAR model

Country

CPI (all) 

W T (p-value) p,m

CPI (food) 

WT (p-value) p,m

CPI (trnsp.) 

WT (p-value) p,m

Austria 30.7 (0.028) 8,5 20.4 (0.090) 10,6

Belgium 52.5 (0.002) 9,6 30.1 (0.028) 10,4

Canada 26.4 (0.041) 12,3

Denmark 47.3 (0.005) 11,6 32.2 (0.026) 10,4

France 29.5 (0.031) 10,6 29.6 (0.033) 9,6

Germany 41.9 (0,011) 11,4 23.8 (0.078) 10,8

Greece 41.3(0.014) 11,2 20.4 (0.101) 10,2 21.4 (0.089) 11,2

Hong Kong 22.4 (0.078) 9,5 38.9 (0.022) 10,2

Italy 26.2 (0.044) 5,4

Japan 23.8 (0.052) 5,5 37.8(0.019) 10,3 22.9 (0.080) 10,2

Korea 31.5 (0.021) 10,1 30.7 (0.031) 10,8

Mexico 52.9 (0.001) 12,6 36.6 (0.03) 10,9

Netherlands 29.9 (0.020) 6,6 31.0 (0.029) 10,6

Norway 51.4 (0.004) 12,1 32.4 (0.027) 9,4 32.9 (0.027) 10,1

Portugal 24.5 (0.050) 12,9

Singapore 32.0 (0.022) 1,1 28.1 (0.043) 7,1 20.6 (0.09) 3,3

Spain 47.7 (0.007) 11,1 46.9 (0.01) 10,9

Sweden 27.8 (0.037) 11.9

Switzerland 24.8 (0.050) 10,6 35.9 (0.03) 11,2

UK 29.6 (0.022) 10,4 21.7 (0.086) 10,4

Note: p -va lues are calcu lated  from 3 0 0  bootstrap sim ulations.



Table 4

Tests for unit roots in TAR model

Country CPI-all (p-value) CPI-food (p-value) CPI-trnsp.(p-value)

Austria 17.6 (0.035) 17.2 (0.038)

Belgium 17.8 (0.034) 23.6 (0.003)

Canada 9.1 (0.410)

Denmark 16.3 (0.056) 25.0 (0.001)

France 17.8 (0.034) 21.7 (0.008)

Germany 16.8 (0.046) 15.2(0.050)

Greece 9.31 (0.400) 13.2 (0.110) 11.4 (0.202)

Hong Kong 24.9 (0.001) 11.1 (0.232)

Italy 22.1 (0.006)

Japan 19.8 (0.016) 10.3 (0.290) 14.5 (0.059)

Korea 19.9 (0.015) 20.3 (0.012)

Mexico 18.9 (0.022) 13.4 (0.118)

Netherlands 14.9 (0.051) 28.3 (0.001)

Norway 11.8 (0.201) 9.04 (0.390) 5.4 (0.732)

Portugal 10.9 (0.270)

Singapore 17.4 (0.035) 13.1 (0.120) 6.4 (0.623)

Spain 10.3 (0.320) 7.9 (0.524)

Sweden 15.9 (0.048)

Switzerland 15.1 (0.050) 15.4 (0.050)

UK 15.9 (0.049) 11.6 (0.210)

N ote: Critical value a t 5  percent is 14.39. p -va lues are g enerated  from 30 0  
bootstrap simulations.
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Table 5

Estimates of convergence speed and conditional half-life for RER - CPI-all

(TAR model)

Country Threshold (X) Pi P2 CHL1(pi) CHL2(p2) P,m

Austria 0.072 0.004 -0.090 28.5 7.4 8,5

Belgium 0.110 -0.013 -0.140 98.7 4.6 9,6

Canada 0.027 -0.011 -0.035 62.7 19.5 12,3

Denmark 0.098 -0.030 -0.110 230.7 6.0 11.6

France 0.124 -0.017 -0.150 98.7 4.3 10,6

Germany 0.086 -0.024 -0.098 38.2 6.7 11,4

Greece 0.064 -0.002 -0.060 98.7 11.2 11,2

Italy 0.104 -0.017 -0.158 692.8 4.3 5,4

Japan 0.149 -0.024 -0.170 69.0 3.7 5,5

Korea 0.062 -0.033 -0.160 34.3 4.0 10,1

Mexico 0.102 -0.040 -0.270 10.5 2.3 12,6

Netherlands 0.085 -0.030 -0.082 138.3 8.1 6,6

Norway 0.066 -0.029 -0.078 24.4 8.6 12,1

Portugal 0.063 -0.003 -0.060 138.3 11.2 12,9

Singapore 0.029 -0.018 -0.100 69.0 6.6 1.1

Spain 0.063 -0.011 -0.080 25.3 8.3 11.1

Sweden 0.120 -0.019 -0.100 57.4 6.6 11,9

Switzerland 0.126 -0.039 -0.097 26.3 6.8 10,6

UK 0.117 -0.023 -0.113 38.7 5.8 10,4

Note: The form ula for (conditional) half-life is ln (0 .5 )/ln (1+ p ). p ! and  CHL1 correspond, 
respectively, to the adjustm ent sp e e d  and  half-life in R eg im e  1 (within the estim ated band, 
i.e., (^threshold, -threshold)), while P2 and  C H L2 correspond to those outside the band.
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Estimates of convergence speed and conditional half-life for RER - CPI-food

Table 6

Country Threshold (X) p. P2 CHL1 CHL2 p,m

Austria 0.14 -0.035 -0.17 19.5 3.7 10,6

Belgium 0.07 -0.015 -0.14 45.9 4.6 10,4

Denmark 0.06 -0.027 -0.11 25.3 6.0 10,4

France 0.135 -0.04 -0.23 17.0 2.7 9,6

Germany 0.11 -0.052 -0.11 13.0 6.0 10,8

Greece 0.08 -0.02 -0.09 34.3 7.4 10,2

HongKong 0.04 -0.046 -0.17 14.7 3.7 9,5

Japan 0.045 -0.005 -0.11 138.3 6.0 10,3

Korea 0.14 -0.005 -0.16 138.3 4.0 10,8

Netherlands 0.13 -0.026 -0.23 26.3 2.7 10,6

Norway 0.07 -0.04 -0.1 17.0 6.6 10,4

Singapore 0.02 -0.02 -0.1 34.3 6.6 7,1

UK 0.1 -0.026 -0.15 26.3 4.3 10,1

See note at bottom of Table 5.

Table 7

Estimates of convergence speed and conditional half-life for RER - CPI-transport

Country Threshold (X) Pi P2 CHL1 CHL2 p,m

Greece 0.07 -0.027 -0.15 25.3 4.3 11,2

HongKong 0.038 -0.036 -0.096 18.9 6.9 10,2

Japan 0.039 -0.039 -0.11 17.4 6.0 10,2

Mexico 0.1 -0.068 -0.11 9.8 6.0 10,9

Norway 0.02 -0.02 -0.06 34.3 11.2 10,1

Singapore 0.01 -0.002 -0.02 346.2 34.3 3,3

Spain 0.16 -0.039 -0.079 17.4 8.4 10,9

Switzerland 0.035 -0.12 -0.04 5.4 17.0 11,2

See note at bottom of Table 5.
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Table 8

Ranking of estimated convergence speed for RER - CPI-all

(TAR model)

Country Rank of

P2

CV(RER) Rank of (p2/CV (RER))

Austria 13 0.430 9

Belgium 6 1.630 15

Canada 19 0.116 4

Denmark 8 0.590 11

France 5 1.150 14

Germany 11 8.070 18

Greece 18 7.970 19

Italy 2 0.760 10

Japan 3 0.210 1

Korea 4 0.680 6

Mexico 1 1.190 7

Netherlands 14 1.690 16

Norway 15 4.040 17

Portugal 17 0.450 13

Singapore 9 0.230 2

Spain 16 0.570 12

Sweden 10 0.470 8

Switzerland 12 0.340 5

UK 7 0.320 3
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Table 9

Ranking of Estimated of convergence speed for RER - CPI-food

(TAR model)

Country Rank of

P2

CV(RER) Rank of (p2/CV (RER))

Austria 3 0.174 9

Belgium 7 0.167 10

Denmark 8 0.134 11

France 1 0.192 5

Germany 9 0.095 6

Greece 13 0.960 13

HongKong 4 0.108 3

Japan 10 0.101 7

Korea 5 0.120 4

Netherlands 2 0.220 8

Norway 11 0.530 12

Singapore 12 0.057 2

UK 6 0.060 1
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Table 10

Estimates of convergence speed and conditional half-life for RER - CPI-all 

(Pre-and Post-1987 (TAR model))

P2 CHL(p2)

Country Threshold (X) Pre - 

1987.3

Post-

1987.3

Pre - 

1987.3

Post-

1987.3

p,m

Austria 0.072 -0.110 -0.119 5.9 5.5 8,5

Belgium 0.110 -0.146 -0.182 4.4 3.5 9,6

Canada 0.027 -0.022 -0.059 31.2 11.4 12,3

Denmark 0.098 -0.123 -0.153 5.3 4.2 11,6

France 0.124 -0.145 -0.176 4.4 3.6 10,6

Germany 0.086 -0.140 -0.199 4.6 3.1 11,4

Greece 0.064 -0.052 -0.055 13.0 12.3 11,2

Italy 0.104 -0.150 -0.180 2.4 3.5 5,4

Japan 0.149 -0.245 -0.293 2.5 2.0 5,5

Korea 0.062 -0.199 -0.266 3.1 2.2 10,1

Mexico 0.102 -0.270 -0.450 2.3 1.2 12,6

Netherlands 0.085 -0.100 -0.145 6.6 4.4 6,6

Norway 0.066 -0.160 -0.184 4.0 3.4 12,1

Portugal 0.063 -0.072 -0.076 9.3 8.8 12,9

Singapore 0.029 -0.130 -0.193 5.0 3.2 1,1

Spain 0.063 -0.100 -0.182 6.6 3.5 11,1

Sweden 0.120 -0.083 -0.185 8.0 3.4 11,9

Switzerland 0.126 -0.120 -0.220 5.4 2.8 10,6

UK 0.117 -0.098 -0.141 6.7 4.6 10,4

See note at bottom of Table 5.
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Table 11

Estimates of convergence speed and conditional half-life for RER - CPI-food 

(Pre-and Post-1987 (TAR model))

P2 CHL(p2)

Country Threshold (X) Pre- Post- 

1987.3 1987.3

Pre- Post - 

1987.3 1987.3

p,m

Austria 0.14 -0.27 -0.29 2.2 2.1 8,5

Belgium 0.07 -0.20 -0.21 3.1 3.0 9,6

Denmark 0.06 -0.14 -0.19 4.6 3.3 12,3

France 0.135 -0.23 -0.26 2.7 2.3 11,6

Germany 0.11 -0.17 -0.19 3.7 3.3 10,6

Greece 0.08 -0.09 -0.12 7.3 5.4 11,4

HongKong 0.04 -0.23 -0.27 2.7 2.2 11,2

Japan 0.045 -0.24 -0.33 2.5 1.7 5,4

Korea 0.14 -0.28 -0.30 2.1 1.9 5,5

Netherlands 0.13 -0.26 -0.29 2.3 2.0 10,1

Norway 0.07 -0.11 -0.11 6.2 5.8 12,6

Singapore 0.02 -0.15 -0.16 4.3 4.0 6,6

UK 0.1 -0.26 -0.29 2.3 2.0 12,1
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