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ABSTRACT

Non-Linear Dynamics in Deviations from the Law
of One Price: A Broad-Based Empirical Study*

In this Paper we test empirically the validity of the law of one price using data
for five major bilateral US dollar exchange rates and nine goods sectors
during the recent floating exchange rate regime since the early 1970s. Using
threshold autoregressive models, we find strong evidence of non-linear mean
reversion in deviations from the law of one price with plausible convergence
speeds. Consistent with theoretical arguments on international goods markets
arbitrage under transactions costs and with an emerging strand of empirical
literature, these results contribute towards forming a consensus view in favour
of discrete regime switching in deviations from the law of one price and the
presence of differing non-zero transactions costs across a broad range of
goods and countries.
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NON-TECHNICAL SUMMARY

The law of one price (LOOP) states that identical goods, once their national
prices are expressed in a common currency, should sell for the same price
across different international locations. In reality, however, we observe that
numerous and even fairly homogeneous goods sell at different prices in
different locations, which is inconsistent with the arbitrage considerations that
provide the rationale of the LOOP.

One obvious reason why prices of equivalent commodities may not be the
same across different geographical locations is the existence of transactions
and transportation costs and other impediments to trade such as tariffs and
quotas, which drive a wedge between prices in different locations. Several
theoretical contributions emphasise the significance of transactions or
international trade costs in modelling deviations from the LOOP. These
studies suggest that, as a consequence of the presence of non-zero
transactions costs, deviations from the LOOP should contain significant
nonlinearities, the key idea being that deviations from the LOOP will be non-
mean-reverting as long as they are smaller than the arbitrage costs, and mean
reverting once they exceed the arbitrage costs.

Following these theoretical arguments, several empirical studies have
investigated the existence of non-linearities in deviations from the LOOP (see
Michael, Nobay and Peel, 1994; Obstfeld and AM Taylor, 1997; AM Taylor,
2001; O’Connell and Wei, 2002). In these studies, the non-linear nature of the
adjustment process is generally investigated in terms of a ‘threshold
autoregressive’ (TAR) model (Tong, 1990). The TAR model allows for a
transactions costs band within which no adjustment in deviations from the
LOOP takes place while outside of the band, as goods arbitrage becomes
profitable, the process switches abruptly to revert towards the band.

Although these studies are cumulating evidence in favour of non-linearity in
deviations from the LOOP, they are generally based on few commodities or
currencies, so that the validity of the LOOP and the presence of statistically
significant non-linearities in deviations from the LOOP remain contentious.
Also, most studies employing TAR models in this context were written before
the publication of Hansen’s (1996, 1997) work, which provides important
econometric contributions for testing linearity against TAR-type non-linearity
and for estimating TAR models. Hence, the objective of the present study,
which sets this Paper apart in the relevant literature, is to provide a broad-
based study on the presence of TAR-type non-linearities in deviations from
the LOOP and on the ability of the TAR model to characterize them, using the
latest available econometric technology in this context. In an attempt to
contribute towards making TAR non-linear dynamics in deviations from the
LOOP a stylized fact, we investigate the behaviour of real sectoral dollar



exchange rates (deviations from the LOOP) vis-a-vis five major currencies for
nine sectors over the recent floating period since 1974.

The empirical results are encouraging in that they provide evidence
suggesting that, in general, the TAR model characterizes well deviations from
the LOOP across this broad range of currencies and sectors. Estimated
transactions costs appear to fluctuate widely across sectors and countries. It
appears that goods markets between the US and Japan have lower
transactions costs than between the US and Europe. In general, adjustment
towards the LOOP is observed to be fairly fast although the estimated delay
parameter, which measures the timing of the reaction of market participants to
deviations from the law of one price, is estimated to be longer than one might
perhaps expect. Also, these results suggest that deviations from the LOOP
may be somewhat sticky (given the delay parameter is on average larger than
four quarters), but they are not as persistent as a large literature has hitherto
suggested.

Overall, this study provides strong evidence indicating the validity of the LOOP
with allowance for the effects of transactions costs. In particular, our findings
accord strongly with the emerging theoretical literature on non-linear real
exchange rate adjustment in the presence of international arbitrage costs and
contribute towards forming a consensus view that discrete regime switching
characterizes deviations from the LOOP across a broad range of goods for a
number of industrialized countries over the recent floating period.
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lqgxfh ylrodwlrq ri wkh ORRS +h1j1 wkh frvw ri oderxu hpsor|hg orfdoo|,1
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8Wkh olwhudwxuh kdv sursrvhg vhyhudo rwkhu h{sodqdwlrqv ri wkh uhmhfwlrq ri wkh ORRS1 Rqh h{sodqdwlrq frphv

iurp wkh �sulflqj wr pdunhw� +SWP, wkhru| +Nuxjpdq/ 4<;:,1 Iroorzlqj wkh ghyhorsphqwv ri wkhrulhv ri lpshuihfw

frpshwlwlrq dqg wudgh/ wkh pdlq ihdwxuh ri wklv wkhru| lv wkdw wkh vdph jrrg fdq eh jlyhq d gl�huhqw sulfh lq

gl�huhqw frxqwulhv zkhq roljrsrolvwlf �upv duh vxsso|lqj lw1 Vhh dovr wkh hpslulfdo vwxg| e| Fkhxqj/ Fklqq dqg

Ixmll +5334,/ zkr h{dplqh wkh uhodwlrqvkls ehwzhhq pdunhw vwuxfwxuh dqg wkh shuvlvwhqfh ri XV groodu0ghqrplqdwhg

vhfwrudo uhdo h{fkdqjh udwhv xvlqj dqqxdo gdwd iru 47 pdmru lqgxvwuldol}hg frxqwulhv1 Fkhxqj/ Fklqq dqg Ixmll �qg

wkdw gl�huhqfhv lq pdunhw vwuxfwxuh vljql�fdqwo| ghwhuplqh wkh udwhv dw zklfk ghyldwlrqv iurp wkh ORRS ghfd|/

lpso|lqj wkdw dq lpshuihfwo| frpshwlwlyh pdunhw vwuxfwxuh pd| h{sodlq wkh revhuyhg shuvlvwhqfh lq vhfwrudo uhdo

h{fkdqjh udwhv1 Dowhuqdwlyho|/ lw vhhpv srvvleoh wkdw wkh idloxuh ri wkh ORRS pd| eh h{sodlqhg e| lqvwlwxwlrqdo

idfwruv w|slfdo ri wklv fhqwxu| zklfk kdyh lqfuhdvhg wkh shuvlvwhqfh ri ghyldwlrqv iurp wkh ORRS1 Krzhyhu/ Iurrw/

Nlp dqg Urjr� +4<<8,/ xvlqj gdwd rq sulfhv iru judlqv dqg rwkhu gdlu| jrrgv lq Hqjodqg dqg Kroodqg iru d vsdq ri

gdwd zklfk jrhv iurp wkh irxuwhhqwk fhqwxu| wr wkh wzhqwlhwk fhqwxu|/ surylgh hpslulfdo hylghqfh vxjjhvwlqj wkdw

wkh yrodwlolw| ri wkh ORRS lv txlwh vwdeoh gxulqj wkh zkroh shulrg/ uhjdugohvv ri wkh pdq| uhjlph vkliwv gxulqj wkh

vdpsoh1
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9D1P1 Wd|oru +5334, dovr lqyhvwljdwhv wkh lpsdfw ri whpsrudo djjuhjdwlrq lq wkh gdwd1 Xvlqj d prgho lq zklfk

ghyldwlrqv iurp wkh ORRS ru SSS iroorzv dq DU+4, surfhvv dw d kljkhu iuhtxhqf| wkdq wkdw dw zklfk wkh gdwd lv

vdpsohg/ D1P1 Wd|oru vkrzv dqdo|wlfdoo| wkdw wkh ghjuhh ri xszdug eldv lq wkh hvwlpdwhg kdoi olih ulvhv dv wkh ghjuhh

ri whpsrudo djjuhjdwlrq lqfuhdvhv 0 l1h1 dv wkh ohqjwk ri wlph ehwzhhq revhuyhg gdwd srlqwv lqfuhdvhv1 Wklv wlph

djjuhjdwlrq sureohp lv d gl!fxow lvvxh iru uhvhdufkhuv wr ghdo zlwk vlqfh orqj vsdqv ri gdwd duh uhtxluhg lq rughu

wr kdyh d uhdvrqdeoh ohyho ri srzhu zkhq qrqvwdwlrqdulw| whvwv duh dssolhg/ dqg orqj vsdqv ri kljk0iuhtxhqf| gdwd

gr qrw h{lvw1 Rq wkh rwkhu kdqg/ D1P1 Wd|oru dovr vkrzv wkdw wkh sureohp ehfrphv sduwlfxoduo| dfxwh zkhq wkh

ghjuhh ri whpsrudo djjuhjdwlrq h{fhhgv wkh ohqjwk ri wkh dfwxdo kdoi olih/ vr wkdw wklv vrxufh ri eldv pd| eh plwljdwhg

vrphzkdw li wkh uhvhdufkhu eholhyhv wkdw wkh wuxh kdoi olih lv vxevwdqwldoo| juhdwhu wkdq wkh iuhtxhqf| ri revhuydwlrq1

Vhh dovr Sudndvk dqg D1P1 Wd|oru +4<<:,1
:D sdudooho olwhudwxuh kdv lqyhvwljdwhg qrqolqhdulwlhv lq ghyldwlrqv iurp sxufkdvlqj srzhu sdulw|1 Xvlqj dqqxdo

gdwd iru groodu0iudqf dqg groodu0vwhuolqj vsdqqlqj wzr fhqwxulhv/ Plfkdho/ Qred| dqg Shho +4<<:, dqg Orwkldq dqg

P1S1 Wd|oru +5333, surylgh hylghqfh ri qrqolqhdu phdq uhyhuvlrq iru hdfk udwh1 P1S1 Wd|oru/ Shho dqg Vduqr +5334,

irfxv rq irxu pdmru groodu udwhv gxulqj wkh srvw0Euhwwrq Zrrgv shulrg dqg xqfryhu qrqolqhdu phdq uhyhuvlrq lq

hdfk fdvh> vhh dovr Vduqr +5333d/e,1 Vhh dovr wkh furvv0frxqwu| vwxg| e| R*Frqqhoo +4<<;,1

A
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WDU vshfl�fdwlrq dqg hvwlpdwlrq kdyh rqo| uhfhqwo| ehhq uhvroyhg/ sulpdulo| e| Kdqvhq +4<<9/ 4<<:,1
<D vx!flhqw frqglwlrq iru joredo vwdelolw| +vwdwlrqdulw|, lv wkdw wkh urrwv ri wkh dxwruhjuhvvlrq lq wkh rxwhu uhjlph
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43Edonh dqg Irpe| +4<<:, gh�qh wkh WDU prgho +5, dv wkh Edqg0WDU prgho1 Dq dowhuqdwlyh WDU prgho lv wkh

vr0fdoohg Htxloleulxp0WDU +HTWDU, prgho1 Lq wkh HTWDU prgho wkh wlph vhulhv lv doorzhg wr whqg wrzdugv d

suhflvh htxloleulxp ydoxh zkhq wkh surfhvv lv rxwvlgh wkh uhjlrq d3wc wo1 Krzhyhu/ dv ghyldwlrqv iurp wkh ORRS gr

qrw ixoo| glh rxw lq wkh suhvhqfh ri duelwudjh frvwv/ d Edqg0WDU prgho lv pruh dsshdolqj wkdq dq HTWDU prgho

lq wkh suhvhqw frqwh{w1
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vwulfwlqj wkh ghyldwlrqv iurp wkh ORRS wr kdyh d xqlw urrw zlwklq wkh edqg1 D pruh jhqhudo surfhvv pljkw

surgxfh hvwlpdwhv ri wkh ghjuhh ri shuvlvwhqfh zlwklq wkh edqg wr yhuli| krz forvh wr d xqlw urrw wkh vhfwrudo uhdo

h{fkdqjh udwh lv zlwklq wkh edqg1 Krzhyhu/ lq wklv vwxg| zh fkrrvh wr xvh wkh uhvwulfwhg yhuvlrq ri wkh WDU zklfk

lpsolflwo| dvvxphv wkdw xqlw urrw ehkdylru dssur{lpdwhv vx!flhqwo| zhoo wkh vhfwrudo uhdo h{fkdqjh udwh ehkdylru

zlwklq wkh edqg/ frqvlvwhqw zlwk wkh wkhruhwlfdo vwxglhv flwhg lq wkh suhylrxv vxevhfwlrq1
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54Dv wkh qxpehu ri hvwlpdwhv ri wkh dxwruhjuhvvlyh sdudphwhuv zrxog dprxqw wr pruh wkdq :33 ydoxhv/ wkh| duh

qrw uhsruwhg khuh exw duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
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55Dovr/ qrwh wkdw sorwwlqj ri wkh vhfwrudo uhdo h{fkdqjh udwh gdwd zlwk wkh hvwlpdwhg wudqvdfwlrqv frvwv vxjjhvwhg

wkdw dfwxdo revhuydwlrqv duh idluo| htxdoo| glvwulexwhg ehwzhhq wkh lqqhu +qrqvwdwlrqdu|, uhjlph dqg wkh rxwhu

+vwdwlrqdu|, uhjlph/ vxjjhvwlqj wkdw rxu ghwhfwlrq ri WDU qrqolqhdulw| lv qrw gulyhq e| d ihz rxwolhuv1
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56Vshfl�fdoo|/ wkh dyhudjh kdoi olih lv derxw 71; txduwhuv iru wkh XN/ 913 txduwhuv iru Jhupdq|/ 813 txduwhuv iru

Iudqfh/ 81: txduwhuv iru Lwdo|/ dqg 4314 txduwhuv iru Mdsdq1 Dovr/ wkh dyhudjh kdoi olih e| vhfwru lv <17 txduwhuv iru

EPL/ <15 txduwhuv iru FKH/ 81; txduwhuv iru IRG/ 814 txduwhuv iru PHO/ 817 txduwhuv iru PHT/ 517 txduwhuv iru

PDQ/ 71: txduwhuv iru SDS/ ;18 txduwhuv iru WH[/ dqg 713 txduwhuv iru ZRG1
57Zh dovr hvwlpdwhg WDU prghov dw dqqxdo iuhtxhqf|1 Wkh hvwlpdwlrq uhvxowv vxjjhvwhg pxfk orqjhu kdoi olyhv

wkdq wkh rqhv uhfrughg iru prqwko| gdwd lq Wdeohv 408/ frqvlvwhqw zlwk wkh D1P1 Wd|oru*v +5334, uhvxow wkdw whpsrudo

djjuhjdwlrq lqgxfhv vxevwdqwldo xszdug eldv lq wkh frqyhujhqfh vshhg lq wklv frqwh{w1 Wkh dyhudjh frqyhujhqfh

vshhg iru wkh XN +Iudqfh,/ iru h{dpsoh/ zdv irxqg wr eh derxw 5158 +41:, |hduv/ lq frqwudvw zlwk wkh hvwlpdwhv ri 71;

+71<, rewdlqhg dw txduwhuo| iuhtxhqf|1 Krzhyhu/ dv vxjjhvwhg e| d vlpxodwlrq h{huflvh fduulhg rxw e| dq dqrq|prxv

uhihuhh/ lw lv qrw reylrxv wkdw lqwhusrodwlrq qhfhvvdulo| jhqhudwhv xszdug eldv lq wkh frqyhujhqfh vshhg1
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58Rqh zd| wr jdlq ixuwkhu lqvljkw lqwr wkh lpsdfw ri lqwhusrodwlrq rq wkh surshuwlhv ri wkh vhfwrudo uhdo h{fkdqjh

udwh lv yld Prqwh Fduor vlpxodwlrqv1 Krzhyhu/ jlyhq wkh dydlodelolw| ri qrq0lqwhusrodwhg gdwd iru wzr frxqwulhv dqg

jlyhq wkdw d vwxg| ri wkh h�hfwv ri lqwhusrodwlrq rq wkh vwrfkdvwlf surshuwlhv ri wkh gdwd lv eh|rqg wkh sxusrvh ri

wklv sdshu/ zh xvh rqo| dfwxdo gdwd lq wklv vxevhfwlrq1 Wkh uhdghu lv fdxwlrqhg wkdw wkh urexvwqhvv uhvxowv uhsruwhg

ehorz pd| eh vshfl�f wr wklv sduwlfxodu frqwh{w dqg iru wkh udqjh ri sdudphwhuv uhfrughg lq wklv sdshu1
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