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ABSTRACT

This thesis examines the role of exchange rate fluctuations on pﬁccs of automobiles imported into
Canada over the period 1980(0) - 1990(4). The theorctical model is motivated by the desire to synthesize
cxisting models which only identify portions of incomplete cxchange rate pass-through. The model
captures gencral demand and supply influences by defining a rational expectations, dynamic optimization
problem, with firms maximizing profits with respect to prices, subjcct to lincar demand curves and
quadratic adjustment costs. An cxtension to the model accounts for the possibility of strategic price
intcraction between competitors and, cqually important, nests the original model. The model also
strengthens the link between theorctical foundations and empirical estimation by providing a natural
framecwork for recent econometric developments, In particular, favourable unit root and cointegration tests
permit the theoretical model to be respecified as an error correction .modcl (ECM) such that long-run
cquilibrium rclationships can be scparated from the short-run dynamics of a system.

Following the theoretical foundations, cach of the three scparate automobile classit.cations
{subcompact, compact/midsizc, and large) is cstimated using a traditional cconometric approach, the
Engle-Granger two-step procedure, and a Johansen [1991]/vector autoregressive (VAR) approach. Qverall,
results indicate that, regardlcss of the cconometric methodology, U.S. automobile exporters pass through
the largest amount of a change in exchange rates, followed in order by Germany and Japan. Knetter
[1993] presents cvidence to suggest little difference in pricing behaviour within common industries. Gross
and Schmitt [1993] arguc that the degree of pricing-to-market (PTM) varies across automobile sectors but
remains similar within a given catcgory. This thesis goes onc step further and argucs that pricing
behaviour is different cven within categorics.

Finally, in ranking the economctric techniques in terms of "best fit", under the assumption that
the Johansen procedure identifies cointegrating vectors, the Johansen/VAR methodology produces ECMs

with greater parameter stability, lower probability of model misspecification and better forecasting ability.
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CHAPTER 1
INTRODUCTION

L1 Exchange Rate Puss-Through, "Pricing-to-Market” and Estimation Techniques

Over the paSt decade, apprehension surrounding the degree of exchange rate volatility has
influcnced the direction of theorctical and cmpirical rescarch on the relationship between exchange rates
and fimms' pricing policics for intemationally traded goods. Simple purchasing power parity (PPP)
rclationships can no longer provide an adequate explanation for the observed pricing behaviour, On the
thcoretical front, analysis of this pricing behavicur has benefitted from the adoption of assumptions
governing the "new trade theory": namely, differentiated products, imperfect competition and/or increasing
rcturns to scale. The emerging "pass-through” (PT) and "pricing-to-market” (PTM) litcﬁtum has identificd
exchange rate fluctuations as a contributing factor to a firm's diverse pricing policics between domestic
and forcign markets when measured in a common currency.! Notable developments include the modelling
of hysteresis cffects on exchange ratc pass-through cocflicients (Baldwiﬁ [1988], Dixit [1989}], Froot and
Klemperer [1989] and Ohno [1989]) and the recent movement away from static models towards morc
dynamic functional forms (Gagnon [1989], Kasa [1992] and Fcenstra, Gagnon and Knetter [1993]).

There is a general consensus that changes in exchange rates arc not fully passed through to prices
of traded goods. Most studics reject the fundamental tenct of purchasing power parity (RPP) for both
short-run and long-run time spans. A 12% appreciation of the Japanese yen, for cxamplc,:is associated
with a less than 10% increasc in the dollar prices of Japancse exports to Canada. Note that this partial

pass-through implics a reduction of the yen price of Japancsc cxports. If the reduction in the yen price

' The term PTM is generally attributed to Krugman [1987]; other PT and PTM contributors include Athukorala
and Menon [1994], Baldwin and Krugman [1986], Feenstra [1989), Fisher {1989}, Gugnon and Knetter [1995],
Giovannini [1988), Gross and Schmitt [1993], Hooper and Mann [1989], Knetter [1989,1993,1994], Marston
[1990;1991], Melick [ 1990], Menon [ 1992;1993a;1993b;1995], Ohno [ 1989;1990], Parslcy [1993], Schembri [ 1988],
and Shinjo [1993]. ‘



for cxports is not accompanicd by a reduction in the ven price of an identical good destined for the
domestic (Japancsc) market, it can be argued that this partial pass-through is due to pricing-to-market
(PTM) stratcgy. By dcfinition, PTM is a stratcgic pricing pelicy designed to preserve forcign market
sharc, frequently at the expense of the domestic market. In chapter 2. the literature demonstrates how the
price diffcrential for a good destincd for domestic consumption and the identical good destined for export
(mcasured in a common currency) is a function of: (a) the degree of competitiveness in both markets: (b)
the respective demand functions: {c) the substitutability between cxport goods and compctitors' goods in
forcign markets: (d) the temporary versus permanent perecption of changes in the exchange rate; and {c)
the degree to which domestic and forcign markets are segmented by transportation and other transaction
costs.®

Or the other hand, if the yen price of domestic (Japancse) goods fall by an amount identical to
Japancsc cxports, onc cannot infer PTM strategy. If, for cxample, the appreciation lowers the costs of
imported goods used in the production process, Japancse firms will be able to lower the yen price of all
its goods (both domcstic and forcign) by exactly the same amounts. However, in this casc, we observe
partial pass-through of the change in the cxchange rate yet, no cvidence to support PTM; incomplete pass-
through is not a sufficicnt condition to infer "pricing-to-market”. Conscquently, one of the objectives of
this thesis is to derive a "gencral” theorctical mode! of exchange rate pass-through, synthesizing existing
models which identify only portions of incomplete pass-through (i.e., PTM, markups and other demand-
side models, supply-side modcls, etc.).

Unfortunatcly, cmpirical studics frequently diverge from their theorctical underpinnings. Often,

this divergence is attributable to the lack of suitable data. Precise theoretical variables are unavailable

? Unless legal barriers prevent arbitrage, there is a limit to the price differential. As the price differential
increases, "grey markets” arise whereby individuals can short-circuit the usual distribution routes in favour of direct
involvement (arbitrage). Secc Krugman's [1987) example where U.S. consumers purchased European luxury
automobiles dircetly from Europe.



and onc must try to sclect adequate representations from available proxics. A morc important facter
accounting for this divergence, and one that is completely within control of the rescarcher, is the problem
of datasmining. In an cffort to find the "best fit", empirical cstimations arc subjcct to major
transfonnatiosl. 10 the point where the final accepted cstimation model bears little resemblance to its
theoretical counterpart. Ad hoc estimation procedures, which arc guided by what Summers [1991] calls
the rescarcher's “capacity for statistical pyrotechnics”, tend to obfuscate the bond between theoretical
foundations and cmpirical cstimation. Whilc_ data problems will incvitably occur, rccent developments
in the unit root and co-intcgration literature generate new techniques to bridge this gap - particularly
within the realm of dynamic modelling - and provide applicd cconomists with tools to conduct controlled
experiments.®  Conscquently, onc of the objectives of this paper is to derive a dvnamic functional form
such that these recent cconometric developments provide a natural framework for the empirical estimation
of a firm's optimal pricing dccision.

This thesis is motivated by thcorctical and empirical questions on exchange rate pnss-thfough.
However, it is important to rccognize that policy-motivated issucs can influcnce the decision whether to
study a general mode! of exchange rate pass-through or to concentratc on specific sources of incomplete
cxchange rate pass-through (i.e., PTM). If, for cxample, onc is intcresicd in how international
competitivencss is affected by movements in the cxchange rate - how prices of cxports (imports) in
forcign (domestic) markets change, subject to exchange rate fluctuations - PT mcasurcs are sufficient.
On the other hand, if attcation is dirgcted towards contestable trading practices such as dumping, PTM

cstimates will indicate whether or not a country such as Japan is cross-subsidizing its export markets when

3 Theoretical contributions to the co-intcgration literature include Banerjec e al. [1993], Davidson and
MacKinnon [1993, Chapter 20}, Engle and Granger [1987], Granger [ 1986], Johanscn [ 1988], Johznsen and Juselius
{1990}, MacKinnon [1991], and Stock [1987]. The following provide excellent surveys: Banerjee et al. [1993],
Dolado and Jenkinson [1987], Dolado et al. [1990], Holden and Thompson [1992], Muscatelli and Hum [1992], and
Perman [1991]. For a practical guide on estimation procedures and hypothesis testing of co-integrated time series,
see Dickey and Rossana [1994].



its currency appreciates. Other contemporary policy issucs of concern, which have a bearing on exchange
ratc pass-through results, include: balance of trade problems; trade-induced inflation; and the cffects of

tariffs on prices of traded goods.

1.2 Contributions

This thesis contributes to both the theoretical and empirical literature on ¢xchange ratc pass-
through. Thcorctically, thc modcl synthesizes existing cxchange ratc pass-through modcls which
concentrate only on specific sources of incomplete pass-through. Respecified as an crror correction modeck
(ECM), it bridges the gap between recent empirical estimation techniques (i.e., unit root tests, co-
integration, Englc-Granger two-stcp procedure, and Johansen procedure) and the theoretical model by
providing a precise cconomectric specification of short-run dynamics and long-run cconomic cquilibrium
rclationships. The extension to the model is the first time a nesting procedure is used to test the viability
of a strategic price interaction model of exchange rate pass-through.

Empirically, this is the first in-depth analysis of exchange rate pass-through of Canadian
automobile imports to comparc the classical lincar regression approach, the Engle-Granger two-step
procedure (Engle and Granger [1987]), and a vector autoregressive (VAR) approach based on the Johansen
procedurc (Johanscn [1988:1991], and Johansen and Juselius [1990]).' The Johansen procedure/VAR
estimation is uscd to nest the Engle-Granger two-step procedure - no prior studies have specifically nested
competing cconometric methodologics. Finally, this is the first time that static forecasts have been used
to test parameter stability and model misspecification of exchange rate pass-through models. Moreover,
no previous studies havg used dynamic forecasts to determine whether ECM models derived from a

Johansen/VAR approach arc superior to ECM models constructed under the Engle-Grange procedure.

‘ The categorics are subcompacts, compact/midsize and large automobiles. Source countries are Japan, South
Korea, (West) Germany, Sweden and the United States.



The thesis is organized as follows. Chapter 2 discusses the historical development of exchange rate pass-
through starting from the clasticity approach under fixed exchange rate regimes (Harberler [1949)).
Chapter 3 discusscs the criteria necessary for a “gencral” model of exchange rate pass-through. The
model is presented as a rational-expectations dynamic optimization problem with firms facing lincar
demand curves and quadratic adjustment costs. The extension adds the clement of strategic pricing
behaviour by including competitors prices in the demand curve. Chapter 4 discusses cach of the empirical
methodologics and their appropriatc tests.  Chapter 5§ presents the results and possible explanations.
Chapter 6 summarizes the results with respect to previous studics and offers some insight to future arcas
of rescarch. Finally, the supporting documecntation is included in a serics of appendices: Appendix A
contains the mathematical derivations for the extension to the model; Appendix B discusses the sources,
problems, and remedics for the data sct; Appendix C and D contain the regression results (and tests) for
the original model and the extension using a classical lincar regression (CLR) approach; Appendix E
contains unit root tests (Augmented Dickey-Fuller (ADF) and Phillps-Perron (PP)) for all vanables;
Appendix F and G contain regression results and tests of the original modcl! and the cxtension using the
Engle-Granger two-step procedure; Appendix H contains the regression results of the extension of the
original modc! using thc Johansen procedurc and VAR cstimation techniques; and Appendix I contains

all the graphs rclating to the dynamic forccasting analysis



CHAPTER 2

REVIEW OF THE THEORETICAL AND EMPIRICAL LITERATURE

2.1 Exchange Rate Pass-Through Under Fixed Exchange Rates (1949-1973)

Until the collapse of the Bretton Woods agreement in 1973, advances in the exchange rate pass-
through literature were generally directed toward solving balance of trade problems. For countrics
attempting to corrcct a balance of trade deficit, the fundamental question was the required magnitude of
the devaluation to reverse the trend. Would a devaluation of a given order be sufficient to alter the
equilibrium import payments and export receipts in the proper direction?

Theorctical cvaluations concentrated on the supply and demand approach introduced by Haberler
[1949]. In his classic graphical analysis, hc cxamined the effects of a devaluation of the domestic
currcncy on the prices and quantitics of cxports and imports. The demand and supply curves are
"representative bales” of exports and imports derived in their respective currencies. In the casc of Canada
and Japan, for cxample, a devaluation of the Canadian dollar with respect to the yen will have no effect
on the demand for imports measured in dollars. What we observe is a shift in the supply of imports from
Japan (mcasured in dollars) since the new dollar value at cach quantity must correspond to the original
yen value, Conscquently, the supply shift is not parallel: the distance between the original and new curve
represents the percentage change in the devaluation.

For example, suppose the dollar was devalued by 10% against the yen: Figure 2-a and Figure 2-b

capture the essence of Haberler's analysis on the cquilibrium prices and quantities of imports.
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In Figurc 2-a, initial cquilibrium price and quantity occur at P, and Q, respectively. A 10% dollar
devaluation shifts the supply curve to Q) and cventually market forces drive the equilibrium price up 1o
P, while the quantity falls to Q,. Haberler's major concern was to determine the conditions under which
a change in the exchange ratc would have a "normal” effect on the balance of payments; that is, where
a devaluation would improve the balance and with a revaluation having the opposite effect.’ In this
particular casc, the doliar value of imports will fall providing the clasticity of demand exceeds unity.

This “elasticity approach” provided the foundation for theorctical advancements in international
economics for many ycars. We can usc this approach to cxaminc the cxchange rate pass-through for this

simple static model. While Haberler does not disct_xss the dynamics of thc cquilibrium variables, his

' Haberler extended the well-known ‘Marshall-Lerner' condition (Lemer [1944], Marshall [1923]) to
examine how the demand and supply for traded goods determine the demand and supply curves for foreign
exchange.



assumptions about the currency specification of the demand and supply schedules cnable us to examine
how market forces operate.  Given the perfectly competitive framework for Japanese exporters, they are
assumcd to retain their sclling price in yen at P=P, (Figure 2-b); the devaluation forces an immediate
increasc in the dollar valuation P, in Figure 2-a. From both diagrams, we observe an excess supply in
the market at the new price, cventually driving down the price in both currencies.

We can think of the pass-through being divided into two time periods: the short run and the long run.
In the short run, we have compicte pass-through since the dollar price of imports increases by the full
10%. However, in the long run, when quantitics adjust, the excess supply at this pricc (P,;) cnsurcs that
the price - in both dollars and yen - falls sufficiently to restore cquilibrium. In cffect, Japanese cxporters
partially absorb thc dollar devaluation (or the yen revaluation) by lowering yen cxport prices. By
definition, therefore, the less responsive the yen price of imports for a given exchange rate change, the
greater the pass-through. Under the customary assumption of downward sloping demand curves and
upward sloping supply curves, the long-run pass-through cocfficients generated in thesc models will
always fall between zero and one.

The new cquilibrium price P, will be a function of the clasticitics of demand and supply for imports.
Branson [1972] extends the aralysis by deriving pass-through cocfficients based on hypothetical clasticity
valucs. Given a log-lincar model with constant elasticities of demand and supply, Branson shows that the
percentage change in the dollar price of imports with respect to a given pcrcéntagc dollar devaluation,

can be expressed as (7 - £,), where:

_ 1
@1 fu = [ d,]
. 1-—
sl

The clasticities of demand and supply for imports, d,, and s,, correspond to the curves in Figure 2-a.



Complete pass-through will occur when the demand for imports is perfectly inelastic or the supply for
imports is perfectly elastic. Conversely, zero pass-through - a constant dollar price for imports despite
changes in the cxchange ratc - is consistent with a perfectly clastic demand curve or a perfectly inclastic
supply curve.

Combining the contributions of these two medels, we can evaluate the dynamics for the pass-through
cocfficient. Following a devaluation of the dollar, the immediate effect is a onc-to-onc increase in the
dollar price of imports. In the long run, once quantitics adjust, the pass-through cocfficient depends on
our assumptions conccrning the clasticity of demand and supply. Under "normal” demand and supply
conditions, a devaluation of the dollar is associated with a pass-through cocfficient which, over time,
works its way down from an initial increasc of 100%.

In his secminal work, Magee [1973] uses the clasticity approach to trace the movement of a country's
trade balance following a devaluation. Rather than deriving the traditional "J-curve", Magee suggests that
- given certain plausible assumptions - we may obscrve a veritable alphabet soup motion.  Such
possibilities include I-,L-M-N-V-and W-cur;rw, as well as their inverscs. Hox-vcvcr, for our purposcs
we can show that employing Magee's analysis may lcad to a pass-through cocfficient which works its way
up from an initial value of zero. In ar attempt to clarify some issues conceming the response of trade
flows to exchange rate movements, Magee divides his analysis into three distinct time intervals: (a) the
currency-contract period; (b) the pass-through period; and (¢} the quantity adjustment period,

The cumrency-contract phasc measures the immediate impact of an exchange ratc
devaluation/revaluation on the prices of traded goods whose contracts are negotiated prior to the exchange
rate change. The critical factor is whether the contract is denominated in foreign or domestic currency.
If all import contracts are denominated in dollars, a 10% dollar devaluation will have no cffect on the

dollar price (and total valuc) of imports during this period. This is cquivalent to remaining at (P,,Q,) in



Figure 2-a. In cssence, the forcign exporters absorb cither all the exchange rate risk or the cost of
hedging.* Conversely, if all imports arc denominated in forcign currency, prices would immediately jump
to P,

Following the devaluation, new contracts are ncgotiated defore quantitics adjust.  Magee designates
the new prices which emerge as the "pass-through” cffect. Clearly, this is a restrictive version of the
standard definition. Under this sccnario, pass-through is either zcro or one depending upon which of the
following two rcasons is responsible for sticky quantitics. (1) Demand for imports may be perfectly
inclastic; particularly if the commodity is not casily substitutable. In this case, the dollar price increases
by the full amount of the devaluation: (P,,,Q,) in Figure 2-a. (2) Conversely, the supply curve may be
perfectly inclastic in the short run if exporters cannot alter (willingly or not) their sales. Consequently,
the dollar price remains fixed at P, and the pass-through is zero.

As we cnter into the quantity adjustment phase where prices and quantitics eventually reach P, and
Q, respectively, the direction from which we approach these new equilibrium values will depend upon
our assumptions governing the "pass-through” phase. A perfectly inclastic short-run demand curve which
rotates to QJ (Figure 2-a) is associated with prices which work their way down from P, whereas a
perfectly inclastic short-run supply curve which rotates to Q! is associated with prices which move up
from P,. Therefore, the short-run dynamics of the pass-through cocfficient can proceed from cither
direction.

Another issue of considerablec importance relates to the speed of adjustment. Branson [1972]
discusses the possibility that exporters might absorb any cxchange rate movements in their profit rhargins.

This pricing-to-market strategy, however, can only be a temporary response. Exporters in a revaluating

? Magee [1974] extends his analysis on the currency-contract period. He offers a few explanations as to
why the Japanese prefer to contract in U.S. dollars as opposed to yen: tradition and habit; they are relatively less
risk averse; and as a competitive clement. This competitive aspect ensures that they can retain or improve their
market share when the dollar devaluates with respect to all major trading partners.

10



country who reduce profit margins can only withstand losses for a short period before they withdraw from
the export industry, leading to a reduction in total industry output and increascd forcign prices. On the
other hand, cxporters from devaluing countrics who resist cutting the forcign price of their products
benefit from incrcased profit margins. Greater than "normal™ profits will attract new eatrants eventually
increasing total supply in the industry and forcing downward pressure on prices. Branson's analysis
reiterates the intuition behind a perfectly competitive framework.  While a significant portion of
internationally traded y~ods arc differentiated products which operate in an imperfectly competitive
sctting, Branson ncverthcless addresses the pricing-to-market issue and its importance in the adjustment

process for both prices and quantitics. From his cmpirical work, he concludes (Branson [1972, p.35):

In general, 1 would say that the realignments are not being fully passed through especially
on the side of U.S. imports. This mecans that, ... the favourable cffects of the devaluation
on the import side may take substantially longer to appear than cconometric evidence on
normal price lags would suggest.

This passags supports the ancedotal evidence associated with penods of currency rcalignments: adjustment
is subject to considcrable lags.

| In Magee's paper [1974], price stickincss in the short run is attributed to the length of the currency-
contract period. Specifically, there are three distinctive lags which occur between the tim;.: a forcign order
has been placed and its arrival at the port of entry:
(1) production lag - time passage between acceptance of a foreign order and the date of cxportation;

(2) transportation lag - time passage between date of exportation and date cargo amrives within customs
territory (port of importation);

(3) entry lag - timc passage between arrival of goods and when importer provides all required documents
and pays all dutics. This may also include the time required to transship goods from the point of
importation to the point of entry.

By definition, the production lag may vary in length from weeks to literally hours. In the casc of

Japanese and German exports to the U.S., if goods arc produced in anticipation of futurc orders, they may
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quickly be loaded on board a ship destined to forcign markets. If an order is placed while the ship is ¢n
roule, a message will be relayed indicating the port of entry. Otherwise, the excess goods will be placed
in warchouses at onc {or more) of the scheduled ports. Magee [1974, p.132-133] calculates the individual
lags for several commodities cxported by Japan and West Germany to the United States during the
rcalignment in 1971 and the final year of the Bretton Woods system in 1973, The following table

summarizes the remarkable difference in lags between the two countries' automobile exports:

TABLE 2-1

Lags (in days) of Automobile Exports from Japan and Germany to U.S.

1971 1973
Mean Lags Japan West Germany Japem West Germany
Production 76 11 60 8
Transportation 21 12 20 18
Entry 11 7 20 7
Total (Days) 109 30 100 33

The major difference is due to the extremely short production lag of automobiles from Germany.
Magee attempts to cxplain the results as cither a statistical oddity or the availability of a large number of
 German automobiles for export. However, given the fact that automobiles account for roughly one third
of Germany's exports to the United States during this period, it may simply be a case of recognizing the
importance of major markets.

In the long run (the quantity adjustment period), price adjustment will be directly related to price
movements during the (fixed-quantity) "pass-through” period. Prices may overshoot (P, in Figure 2-a)

or undershoot (P, in Figure 2-2) their new long-run cquilibrium position. Several factors, including the
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degree of competitiveness in the industry and the willingness to alter short-term profit margins, will dictate
whether or not we can expest to observe symmetry in the time required for prices to adjust.

Scveral authors have attempted to measure the magnitude and/or speed of quantity adjustments (trade
flows) as a factor of foreign price changes versus exchange rate changes.® Oreutt [1950, p.126] alludes

to both produccr and consumer costs of switching products in light of rclative price changes:

Thus small price changes and particularly those which appear to be of a temporary nature
will be ignored. Little shifling will take place until the differential ix at least sufTicieat
to cover the costs of switching, whereas a large and fairly permanent change produced
by depreciation would result in substantial substitution.

Orcutt is onc of the first authors to articulate the distinction between temporary and permanent
expectations of a variable. In this casc, cconomic agents may react differently for a given change in
domestic prices depending upon whether the change is perceived as temporaiy or permanent,

Leamer and Stern [1970] cxtend Orcutt's work, claiming that how domestic pricc changes arc
perceived (temporary versus permancent) will alter the speed at which quantitics adjust. Domestic price
changes which result from devaluations (permanent) arc associated with a faster adjustment pacc than
forcign pricc changes (temporary) at a given exchange rate. In the long run, however, they note that the
final adjustment would be identical since the perception of a foreign price change will switch from
temporary to permancnt the longer the change persists.

Junz and Rhomberg [1973] argue that the quantity adjustment response of a devaluation could be
either faster or slower than forcign price changes. The adjustment process could be quicker given that
exchange rate rcalignments arc traditionally much larger than price changes and receive greater publicity.

On the other hand, the process could be much slower if the reason for the realignment is to correct

* Contributors to this literature include: Goldstein and Khan [1976), Junz and Rhomberg [1973], Leumer
and Stern [1970], Liu [1954], Orcutt [1950], and Wilson and Takacs [1979].
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previous period(s) of discquilibria. The resource shifts required to correct these imbalances may involve
considcrable time. While their results indicate that cxchange-rate changes and pricc changes have
identical adjustment paths, the overall cmpirical cvidence on the asymmetry proposition is inconclusive,

In summary, under the clasticity approach, the short-run pass-through cocfficient is determined by
the currency in which contracts are denominated and the short-run clasticitics of demand and sapply.
Under the assumption of pcrfcc't competition, the long-run pass-through cocfficient is no longer a function
of the contract currency since purchasing power parity (PPP) prevails: arbitrage will ensure that a good
sells for the same price (in a commeon currency) in both countrics. It will be determined by the long-run
clasticitics of demand and supply. The speed at which we attain the long-run cquilibrium is a function
of the pricc and quantity lags inherent in the system. Price lags can be lengthened if: (a) firms permit
their profit margins to absorb cxchange rate rcalignments; or (b) the average length of contracts is
extended. Quantity lags can be prolonged if: (a) economic agents face larger switching costs; (b) domestic
price changes duc to cxchange rate changes (permanent) arc mistaken for (temporary) forcign currency

price changes; or (¢) large resource shifts arc necessary to offset previous periods of discquilibria.

2.2 Exchange Rate Pass-Through Under Flexible Exchange Rates (1973-1980)

With the collapsc of the Bretton Woods agreement in the spring of 1973, a renewal of interest arose
concemning the relationship between exchange rates and prices. Proponents for the disbandment of the
gold standard argued that flexible rates would permit countrics to pursuc independent monctary policigs.“
Onc of the roles of the exchange rate was to "absorb” the emerging differences in inflation such that the
prices of traded goods remained constant when measured in a common currency. This argument captures

the gencral spirit that, under a flexible exchange rate regime, relative price levels could (and would) be

* See Artus and Young [1979) for a renewal on the debate between the merits of a fixed versus flexible
cxchange rate regime.

14



capable of influcncing the exchange rate. However, one could casily argue that changes in the exchange
ratc can cxert pressurc on prices, particularly for traded goods. Most of the theoretical and empirical
developments during the initial transition period can be classified under these two distinet causality
relationships.

On the onc hand, we have cconomists who advocate a causal relationship from prices to exchange
rates {c=f(p,...)}. Thesc can be classificd as models of exchange rate determination. Included in this
group arc those who, within a modem context, continuc along the PPP paradigm, examining and testing
the validity of revamped versions of Casscl's [1916) original contribution.® In its extreme form, the long-
run cquilibrium exchange rate is determined c.tc;lusivcl}' from the relative price ratio.  Other models of
exchange rate detcrmination assu .1c that price levels are just one of many variables which influence
cxc'_.hangc ratcs. These encompass the portfolio balance approaches, the numerous interpretations of the
"monctary” model, and cven short-run PPP modcls.®

On the other hand, we have economists who advocate a causal relationship from cxchange rates to
prices {p=f(c....)}. Typically, thesc "exchange rate pass-through" models have cither microcconomic or
macroeconomic undcrpinnfngs; although data availability during the transitional period (1973-1980)
restricted the majority of the empirical studics to concentratc on macrocconomic issucs.” At the
microcconomic level, the conceptual framework is gencrally formulated with the notion of measuring the
degree of price discrimina;ion at the firm or industry level. Modcls based upon macrocconomic

foundations attempt to explain how the degree of exchange ratc pass-through can influence

~* The list of contributors include: Genberg [1978], Isard [1977], Officer [1976;1978;1980], and Richardson-
[1578]). Note, however, that under a fixed exchange rate regime, PPP is associated with the opposite causality;
exchange rates determine prices.

¢ Sec MacDonald and Taylor [1992] for 2 detailed survey on the monetary models and portfolio balance
approaches. '

7 Sec Aliber [1976], Artus [1974], Kalter [1978], Kravis and Lipsey [1977].'Krcinin [1977], Robinson, Wcbb
and Townsend [1979], Spitiller [1980), and Tichy [1976].
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macrocconomic variables such as trade flows and balance of trade/payment positions.

With flexible exchange rates, there is no a priori reason to belicve that causality runs only in onc
dircction. We can cnvisage some form of circular flow between exchange rates and prices with perhaps
with one dircction dominating and the other providing a feedback cffect, but clearly, the extent is an
empinical question, Occasionally, confusion can cnsuc when authors inadvertently intertwine the causality
relationship, For example, prior to the devolution of the Bretton Woods agrecment there was the concern
that a flexible cxchange rate regime may destabilize the price of traded goods: clearly a case of exchange
rates affecting relative prices.” However, Dunn {1970] uscs data from the Canadian experience with
floating exchange rates (1950-1962) to refute this proposition. He argucs that the relative price stability

during this period can be attributed to individual firms pricing decisions (Dunn [1970, p.141]):

..the assumptions and constraints of perfect competition, or of cven simple profit
maximization, have little rclevance to actual pricing decisions. Economists have
suggested a variety of pricing goals and policics which are used in large American firms,
and 2 strong preference for price stability is a feature of all of them.,

Given his a priori assumption of price rigidity, combined with cconometric evidence {p=tfleoc.)}
suggesting no systematic corrclation between price movements and cxchange rate changes, Dunn
challenges the short-run version of PPP. However, as previously noted, under a floating regime the PPP
paradigm has causality running from prices to exchange rates and not the reverse. In effect, what Dunn
infers is that the lack of causality in onc dircction necessarily implics a lack of causality in the opposite
dircction without providing empirical (or theorctical) support. As a silver lining, however, Dunn's
shortcoming cmphasizes that the causality relationships (a) are linked in some manner and (b) require

additional investigation.

* Sce McKinnon [1963]; this argument rests on the assumption of continuous purchasing power parity and
perfectly competitive markets - for any exchange rate movement, prices must adjust accordingly. In essence, the
real exchange rate is assumed to be constant.
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During this period, the number of publications dealing with exchange rate determination models
cclipsed their exchange rate pass-through counterparts. This was due, in part, to the importance of
understanding the fundamental behaviour of exchange rates under the new regime, and in part, to the
growing frustration that forccasts of cxchangc rates based on existing theoretical and ad hoc intuitive
models were inferior to the simple random walk model. However, this should not be construed as
evidence endorsing one causality direction. Both paths have cvolved over the years, yet onc cannot
overlook the fact that they are not necessarily mutually exclusive, Nevertheless, the scope of this thesis
restricts causality in onc dircction only [p=f(c)]. By assumption, therefore, pricing stratcgics in the
automobile scctor do not influence cxchange rates.

Although the flexible exchange rate regime officially started in March 1973, there was a transitional
phasc of a couple of ycars prior to this daltc where the industrialized nations rccognized the nced for
adjustments in the forcign cxchange market. Onc such resolution came in the form of the 197!
Smithsonian Agrcement whercby all major currencics were realigned - most revalued with respect to the
U.S. dollar. Kreinin [1977] examincs the pass-through cffects on import pricces, cxport prices, volume of
trade and terms of trade. His cmpirical study bridges the gap between the two regimes. One sct of data
examines the pass-through cocfficicnts by comparing average prices in 1970 with average prices in 1972,
The second sct of data compares the average 1970 prices with the average 1973 prices.

Kreinin's [1977, p.301] motivation ariscs from his belief that the some of the current theorctical
assumptions concerning the cffects of exchange rate fluctuations arc cither incorrect or too vaguc; to the

point where they can be interpreted as misleading:®

® In particular, he questions the validity of the Mundell-Laffer (M-L) hypothesis. In essence, the M-L hypothesis
advocates that exchange rate depreciations/appreciations cannot climinate balance of payments problems and that
exchange rate fluctuations contribute to world-wide inflation (due to asymmetry in price responses to exchange rate
movements -- the "ratchet cffect”). Sce Laffer [1973;1974] and Wanniski [1975] for additional comments.
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In sum, the pass-through effect of exchange rate adjustment has important implications,
both for the balance of payments and for the propagation of inflation. But its extent is an
empirical question and cannot be determired by a priori considerations (cinphasis added).

Perhaps the most intriguing aspect of Kreinin's paper is the methodology adopted to cstimate the
pass-through cocfficients. Rather than relying on the traditional regression models using quarterly or
monthly data, he uscs what is termed the "control country” approach to extract the portion of changes in
prices attributed specifically to changes in exchange rates. Effectively, he has three data points (1970,
1972 and 1973) for all variablcs. With this limited information he infers the pass-through between two
countrics by comparing statistics with the control country. The "ideal” control country should be closcly
rclated to one of the countrics in question and preferably have limited exchange ratc movements over the
period. Since these qualifications are rarcly achicved, Kreinin resorts to the use of “control countries” -
typically three or four,™

For cxample, consider the case of United States imports from Norway. Krcinin [1977, p.304] uscs
Finiand as the control country since its exports to the United States arc similar to the Norwegians and,
morc importantly, the Finnish mark/U.S. dollar exchange ratc remaincd constant between 1970 and 1972,

The rclevant statistics are (Kreinin [1977, p.306]) :

TABLE 2-2
Pass-Through Cocflicicnts using a "Control Country” Approach
Norway. Finland
aER® +8% 0%
aP)? +16% +14%

' Kreinin [1977, p.303] lists scveral other studies which use this econometric technique. While not as popular
as the traditional regression methods, Kreinin argues that previous studies have provided "fruitful results® end are
sufficiently robust to warrant its application to pass-through considerations.
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where aER® is the pereentage change in the exchange rate with respect to the dollar between 1970 and
1972, and 4P} is the percentage change in the U.S. import price index during the samec period. The
cffect of an 8% rcvaluation of the Norwegian krone on the dollar price of its exports to the U.S. is two
percent (16% - 14%) since the cffects of the control country imply that prices would increase by 14% in
the abscnee of any exchange ratc movements. Hence, the import pass-through coefficicnt is 25% 2%
/ 8%). For the casc where the control country's exchange rate docs change, Kreinin calculates upper and
lower boundaries. Fo.:; example, if the Finnish mark was revalued by 4%, we could calculate the U.S.
import pass-through cocfficient from Norway on the assumption that none of the Finnish increase in
export prices to the U.S. was due to the revaluation, in which case we would derive our original result
of 25%. Altematively, we could assume that the Finns passcd through all of the revaluation (4%); as
such, only 10% (14% - 4%) of the Finnish increase in prices would have occurred il‘l the absence of a
mark revaluation. As a result, the upper bound for the Norwegian pass-through cocfficient is 75% {(16%
- 10%) / 8%}.

We can briefly summarize Kreinin's [1977, p.318] principal results;

TABLE 2.3
Pass-Through Cocfficicnts from Fixed to Flexible Exchange Rates (1970-1973)
Estimated Pass-Through Estimated Pass-Through
(1970-1972)* (1970-1973)*

Country Imports Exports Imports Exports
United States 50% 100% 40% 40%
Japan 80% 85% 60% 75%
West Germany 60% 90% nfa n/a
Italy 100% 100% n/a n/a
Canada 90% 60% nfa n/a

*Import results defined in terms of percentage change in domestic prices while export results are defined in terms
of percentage change in forcign import prices (100% - percentage change in country’s domestic export price).

From these statistics, Kreinin {1977, p.319] notes that the U.S., West Germany and to a certain extent
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Japan all "...appear to be ‘pricc makers' on the buying side of the international market...”. In addition,
the importance of trade relations between Canada and United States is reflected in the mirror images of
the pass-through coefficients for the two countrics.

However, the most striking result is the drop in the pass-through cocfficicats (both cxport and import)
for the U.S.. and, to a certain extent, Japan after the first year of flexible cxchange rates, Kreinin
attributes thesc results to the change in the direction of causality between exchange rates and prices once
the exchange rate regime switched from fixed to flexible currencies. He espouscs Cassel's contention that
~ under fixed exchange rates, changes in the exchange ratc precipitate changes in prices, while under a
flexible regime, causation runs from prices to exchange rates. Morcover, he contends that under fixed
exchange rates, a devaluation worsens the terms of trade yet an cqual depreciation under a flexible regime
Icads to an improvement in the terms of trade, By induction, he asserts that a 15% cffective depreciation
of the U.S. dollar from 1970-1973 (a period combining thc two rcgimes) combined with a 3%
improvement in the U.S. terms of trade is sufficient proof that causation runs from prices to exchange
rates."" Yet a 22% cffective appreciation of the yen over the same period gave rise to a 8% improvement
in the Japancse terms of trade - implying causation from exchange rates to prices.” In other words,
Kreinin [1977, p.324] argucs that the Japanesc were still operating under a fixed exchange rate regime
while the Americans wholly embraced the concept of fully flexible exchange rates.

Whilc it may be .truc that Japancsc intervention in the currency markets may have been severe

enough during the transitional period to preserve a "fixed position”; by itself, it docs not substantiate

"' The terms of trade is calculated in the following manner (See footnote attached to Table 2-3):
%aa$ export prices - %a$ import prices

(0.60 x 15%) - (0.40 x 15%)

9% - 6% = 3%.

" The change in the Japanesc terms of trade (Sce footnote attached to Table 2-3):
= a%¥ export prices - 2%¥ import prices
= (0.25 x 22%) - (0.60 x 22%)
= (5% - ()13% = 8%,
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Kreinin's claim that depreciations/devaluations have opposite cffects on the terms of trade under the two
different exchange ratc regimes. It may well be the case that the observed reduction in the U.S. export
pass-through cocfficient (100% > 60%) was largely duc to lags associated with exchange rate changes
under the fixed regime: in which casc an improvement in the terms of trade was the result of o
devaluation under fixed .cxchangc rates.  Unfortunatcly, Kreinin docs not provide any theorctical
foundation for his claim and his scction describing causality relationships is both incomplete and unduly
confusing.

Robinson, Webb, and Townsend [1979] also examine the cffect of exchange rate changes on relative
prices during both cxchange rate regimes. However, their stated objective is to test the validity of the
"Scandinavian analysis”, as cspouscd by Aukrust [1977]. In cssence, the Scandinavian theory is an
attempt to cxamine the dynamic rcsi:onsc of prices to changes in exchange rates under the assumption that
PPP prevails in the long run. Countries are assumed to be price-takers in the world market. A
devaluation, therefore, has the immediate effect of increasing the home-currency price of both exports and
imports. Wagc-carners attempt to offset the loss of real income by demanding higher wages. The
profitability of the cxporting industries cnsures that they arc the first to acquiesce to the wage demands
(Robinson, Webb, and Townsend [1979, p.28 ]):

The principle of comparability then puts upward pressure on wages in domeslic
industrics, and in the manufacturing sector the wage demands are met because they can
casily be passed on in higher domestic prices, since the price of competing imports has
gone up. This process will come to 2 natural end when wages have risen to a point that
climinates both the excess profits in the export sector and the initial loss or rcal income

due to higher import prices. The economy will then be in equilibrium with the respective
shares of wages and profits in GDP back at their original level.

In the long run, prices will have completely offset the movements in the exchange rate. In terms of
the dynamics, the Scandinavian model predicts that (relative) export prices will be the first to move in

line with the exchange rates and that (relative) wholcsale prices ought to take slightly longer. However,
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the authors usc Balassa's [1964] productivity assertion to argue that GDP deflators will not necessarily
be cqualized even after perfect competition has cqualized prices of all manufactured goods. Specifically,
countrics with large productivity differentials (between the manufacturing scctor and the rest of the
cconomy) will, in the long run, exhibit an increase in relative GDP prices.

Not surprisingly, the countries with "successful” r;sults were thosc whose cconomic realities
corresponded to the assumptions of the Scandinavian model; small open cconomies, price-takers on world
markets, and perfect competition in the home labour markets. Ironically, two Scandinavian countries,
Norway and Denmark, did not fit the profile. The authors attribute this anomaly to the "unusual
commodity composition of cxports”. Typically, the "unsuccessful" countrics were the large, closed (at
that time) cconomies such as Japan and the United States,

Unfortunately, there is a scrious cconometric problem with the regression procedure employed in this
stﬁdy. The OLS procedure of regressing export/wholesale prices on exchange rates gencrated results with
high R* values (0.99) coupled with extremely low Durbin-Watson (< 0.50). Granger and Newboid [1974]
show that such findings can Icad to "spurious” relationships - due to non-stationary times series data -
and conventional inference tests on the cocfficients are invalid. Clearly, this criticism is applicable to all
empirical surveys of the pass-through literature which apply conventional econometric methodology
without first examining the time serics propertics of the data. Consequently, the validity of the estimated
pass-through cocfficients as representing the “true” parameters of the data generating process is
questionable, at best.

Another minor problem with the study is its cursory approach to the relationship between exchange
ratcs and prices under the two different exchange rate regimes. They discuss the possibility that the
rclationship may change under the two regimes, but do not provide any theoretical or empirical support
except to mention that parity changes now appear to have a faster and larger effect on prices.

The above studies examinc the relationships between exchange rates and prices from an aggregate
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perspective. The effectiveness of devaluations in climinating trade deficits or the degree to which inflation
is transmitted through exchange ratc movements is bascd implicitly on microcconomic foundations. A
number of articles, including Aliber [1976], Artus [1974], and Kalter [1978], address thesc issucs
associated with exchange rate pass-through using basic price theory and/or our knowledge of the role of
the firm, Of note is Kalter's [1978] relatively unacclaimed paper which presents ULS. evidence pointing
to prolonged differences between domestic and cxport prices (expressed in U.S. dollars) of certain
manufacturcd goods. Kalter argucs that the significant difference between the pricss can be explained
within a discriminating monopolist framework.  Kalter's study not only heralds the arrival of an
imperfectly competitive market structurc as a central assumption of trade theory but also distinguishes
between simple pass-through and what would later be known as "pricing-to-market”. In addition, Kalter
(1978, p.14] was one¢ of the first authors to articulate the connection between "dumping” and profit-
maximizing behaviour of monopolists:

..external shocks may have a differential effect upon the domestic and export price of the

same good....if it is determined that, indeed, differential effects result, then one many

conclude the*: (1) Exchange rate changes are one factor explaining worldwide patterns

of "dumping” and (2) The pricing of manufactured exports may be explained within the
framewerk of a discriminating monopolistic model.

By the cnd of the 1970’s, there was a gencral concern that models bascd upon traditional cxchange
rate theory could not offer realistic explanations for recent international monctary cvents. For example,
Haberler-type clasticity models can explain the pass-through phenomenon, but since they operate under
a perfectly competitive framework, they implicitly assume equality between domestic and internationally
traded prices. These models cannot account for incomplete pass-through and the obscrved fact that
domestic and foreign prices of identical goods vary significantly, even in the long run, Clearly, the choice
of assumption concemning market structure must reflect the observed independence of a firm's pricing

decisions abroad from its pricing decision in the domestic market. From the carly 1980's, models of
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exchange rale pass-through followed the example of the "new trade” theory by emphasizing imperfect

competition and, to a certain extent, increasing returmns to scale.

2.3 [Exchange Rate Pass-Through Models under Flexible Exchange Rates (1980-1994)

The adoption of an “industrial organization” (I0) approach by both international finance and
intenational trade cconomists has created a proliferation of diverse theoretical and empirical models. This
section is an extensive, although not complete, critical review of the recent literature on exchange rate

pass-through.

I - Hysteresis Models
The term ‘hystercsis' was first suggested by the Scottish physicist James Alfred Ewing whose work
on the behaviour of clectromagnetic propertics of ferric metals produced curves which (Ewing [1881,

p-22]):

..cxhibit, in a striking manner, a persistence of previous states...to this action...the author
now gives the name Hysteresis.

Over the past century, the term has entered the domain of the social sciences where it has been interpreted
to represent any cffects which remain after the initial causc responsible for the cffects has been climinated.
Morcover, these hysteretic effects suggest that relationships between variables are a function of the past;
i.c., they are path dependent. For example, in Ewing's experiments, the relationship between the present
magnctic state of an iron bar and the amount of clectric current supplied will depend upon whether the
current has been increasing or decreasing.

Although the term has been in cxistence for a hundred years, the concep! of hysteresis has been
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debated on both ontological and cpistemological grounds since the late 17th century,”  Earlier
philosophical arguments concentrate on the scientific perspective of hysteresis. Leibniz, for example,
contends that the current foree or state of an object should be related to its current velocity and current
mass only; its past history simply an irrclevant by-product (Leibniz | 1875-90, vol. 11, p-43] in Elster [1976,
p372]):

En effeet le temps ne sert de rien 4 cette estime. Voyant un corps d'une grandeur donnée

aller avee une vistess donnée, ne pourra-t-on point estimer sa force san sgavoir en quel

temps ct par quels détours ou délais il a peutestre acquis cette vitesse qu'il a? Il me

semble qu'on peut juger icy sur l'estat présent san sgavoir le passé. Quand il y a deux

corps parfaitement égaux ct semblables, et qui ont une méme vitesse, mais acquise dans

I'un par un choc subit, dans l'autre par quelque descente d'une durde notable, dira-t-on

pour cela que leurs forces sont différents? Ce serait comme si on disoit qu'un homme
est plus riche, 4 qui I'argent a cousté plus de temps & gagner.

In the last sentence, he alludes to the implausibility of ontological hysteresis in the social sciences. Two
men possessing identical wealth, he argucs, should be cqually "rich® regardless of whether onc toils his
entire lifetime whilc the other is a "nouveau-riche™. In other works (Leibniz [1875-90, vol. IV, p.507] in
Elster [1976, p.372]), he qualifies the relationship between past and present by saying that while we may
observe zraces of the past on the present, we do not have outright hystercsis.

Cross [1993, p.55] argues that there are cpistemological reasons for accepting hysteresis as a concept:

If ontological hysteresis is taken to be implausible, this does not rule out epistemological
hysteresis: the past may be able to influence the present only by the influences left on the
present, but explanations of the present that rely on present variables alonc may be
inferior to hysteretic cxplanations that involve past variables as well (emphasis in
original).

If we arc unable to offer viable alternatives to hysteretic cxplanations, Cross argucs that we have 2 much

stronger casc for cpistemological hysteresis. In the classic cxample of the swinging pendulum, predictions

** Georgescu-Rocgen [1971], Elster [1976), and Cross [1993] discuss the philosophical insights of hystcresis.
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of its future path requires both present and past positions. We cannot remove the hysteresis explanation
by simply introducing the instantancous rate of change of the pendulum since, by definition, a time
derivative incorporates past cvents.

It is this concept of cpistemological hysteresis which has reccived attention in the unemployment and
international trade theory during the past decade. It is also the foundation from which "Granger-causality"
tests have cmerged.

Attempts to formalize hysterctic dynamic systems fall under two gencral catcgories: lincar
relationships versus nonlincar relationships. Using discrete time lincar systems, Wyplosz [1987] and Franz
[1990] argue that hysteresis involves the presence of one (or morc) unit roots. Suppose an endogenous

variable X, cvolves in the following manner:

22 X,=a+fX,, +2,

where Z, is an exogenous variable. If SB=I, the steady-state cquilibrium solution (X, - X,,) or Xis:

|
!
+
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(2.3) X =
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)

where past values of cither Z or X do not influence the steady-state. However, with a unit root, f=I, the

path of X, is now:

2+4) X = X+ aT+YZ,
=0
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where X, is contingent on all past 2's plus the initial condition X,. With this path dependent process.
there can be an infinite number of solutions." The major disadvantage of the lincar approach is that
hysteresis can only be vicwed as a special casc, rather than the rule, given that it is contingent upon unit
or zero roots.  As a result, this approach has received little theoretical support.  However, Setterficld
{1993] endeavours to rckindle interest by arguing that if the Z, variables are "decply cndogenous” rather

than cxogenous such that:
(2.5) Z, = f(X,), where =0

and changes in Z, do not cancc! out over time (adjustment asymmetrics), we will have satisficd our
assumption of hysteresis in discrete lincar systems without resorting to unit roots.

On the other hand, nonlincaritics in dynamic processes have reccived considerable support as the
source of hysteresis. Onc reason for their acceptance is the intuitive appeal of’ non-unique relationships;
particularly when we operate under different scts of circumstances.'® Onc of the more promising recent
contributions is Krasnoscl'skii's model (Krasnoscl'skii and Pokerovskii [1989]) where current bechaviour
is a function ¢{ the extreme values of past shocks to the system, Unlike the lincar unit root models where
all past values arc relevant, Krasnoscl'skii's model has a selective mecmory. Paraphrasing Cross's [1993,
p.65] succinct interpretation of Krosnoscl'skii's work: "Some history is bunk”."

Similar to the resistance by Ewing's ferric metals to alter their present magnetic sates, cconomic

" For the case of continuous time models, hysteresis is present when we observe a zero root in o system of
differential equations (Giavazzi and Wyplosz [1985]).

¥ See for example, Ewing's "hysteresis loop” diagram reproduced in Cross [1993] and Franz [1990).
' Sectterficld [1993, p.19] explains Krosnosel'skii's sclective memory with a simple illustration of human
behaviour. If an individual is robbed while taking a short cut home, it is highly probable that this one unfortunate

_incident (the extreme value) will dictate future considerations for travelling home, in spite of many "uncventful” trips
along the same route,
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vaniables can also display a certain degree of incrtia.  The possibility that the relationship between
exchange rates and prices operates within an hysterctic environment has been advanced by numerous
authors.'”” The arguments arc typically based on the existence of incrtia in marker shares of manufacturcd
goods (or market structurc) combined with exchange rate fluctuations acting as the source of hysteresis.

On the demand side, brand loyalty can impart market incrtia. Consumers may have reservations
about the quality of unfamiliar brands, face high scarch costs to find pertinent information, or simply be
unawarc of competing brands. Altematively, human andlorll capital investment in the presently owned
brand may be sufficiently high not to warrant a transfer in allegiance (i.c., IBM versus Maclntosh
computers), In Froot and Klemperer's [1989] intertemporal proﬁt-shi&ing modcl, a firm's current and
future profits arc a function of market-sharc (brand loyalty) investment. The aggressivencss of firms in
pursuit of market sharcs in the first period of a two-period duopoly will depend critically on whether
currcnt and expected future exchange rate values are perceived as temporary or permancent. The ability
to retain these market shares creates an hysteretic environment where we not only observe incomplete
pass-through but pass-through cocfficients which may vary over time. For example, consider an
appreciation of the Canadian dollar which is decmed temporary in nature. Current dollar profits cxpressed
in forcign currency now become morc "valued” than future profits. Investment in consumer allegiance
(by lowering dollar prices by the same pereentage as the exchange rate) is not as attractive an option as
increasing profit margins. Conscquently, we will not observe full pass-through.' Appreciations of the
dollar which arc perecived to be permanent, on the other hand, do not create intertemporal profit-shifting

opportunitics. Rather, both currcnt and future costs (expressed in dollars) fall, and firms compete with

"7 See Baldwin [ 1988], Dixit { 1989], Froot and Klemperer [ 1989], Krugman and Baldwin [1987], Melick [1990],
and Ohno [1950].

"™ The authors (Froot and Klemperer [ 1989, p.637]) even argue that the fature depreciation of the dollar may
lower the value of future profits to the point where firms could conceivably raise the dollar price of their product
when the dollar appreciates.
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greater intensity resulting in lower current prices.

However, most of the hysteresis literature on exchange rate pass-through relics on supply-side reasons
for market share inertia, In their attempt to explain the persistence of the U.S. trade deficit - in spitc of
the large dollar depreciation starting in 1985:1 -~ Krugman and Baldwin [1987] allude to the notion that
large sunk costs can contributc to persistent cffccts on market structures once exchange rales retum to
"pre-shock"” levels. In turn, changes in the gencral competitiveness of an industry will affect the exchange
ratc pass-through. In ¢ssence, the presence of sunk costs ensures market structure stability in the face of
small exchange rate changes. However, once the exchange rate passcs a certain bamier, foreign firms find
it profitablc to operate in the U.S. market. If the exchange rate retumns to its previous level, these firms
remain in the U.S. markets (assuming their operating profits arc positive) since sunk costs are no [onger
included in profit-maximizing decisions. Conscguently, the strong U.S. dollar of the carly 1980's cnabled
forcigners to establish "beachhcads” in the U.S. market, in contrast to U.S. firms who relinquished their
forcign operations. The subscquent depreciation was insufficient to dislodge the new foreign firms, nor
did it allow U.S. firms to re-cstablish opcration in forcign markets. Conceptually, Krugman and Baldwin
arguc that while this line of logic is appealing, there is no clear-cut evidence that hysteresis contributed
to the trade deficit problem.

While most of the carlier contributions concentralc on hysteresis in quantitics, Baldwin [1988]
extends the theorctical literature to include price hysteresis. His beachhead or sunk cost model assumes
firms (domestic and forcign) engage in Cournot competition and the entry decision is based upon the sum
of current and cxpected profits exceeding the original sunk costs plus the operating costs associated with
cach subsequent period. Firms arc assumcd to have perfect foresight with respect to cxchangc‘mtc

movements. The ensuing mark-up model estimation takes the form:
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(2.6)

p. = cfgm)] + IZ;:MC e}

where  p, = price in U.S, dollars,
£ = price clasticity of demand. m, = total number of firms,
¢'= marginal costs in forcign currcncy,

¢ = exchange rate ($/foreign), and all variables arc in logs,

Baldwin argucs that the structural break associated with price hysteresis will be reflected in a "jump”
in the constant tem alpha (). Using intcreept dummics to capturc the once-and-for-all change in the
intercept term, he finds evidence of structural breaks using CPI and WPI proxics for costs but not for
normalized unit labour costs (NULC).

Unfortunately, evidence of structural breaks does not imply acceptance of Baldwin's beachhead
modcl. Clearly, factors other than hysteresis may contribute to structural breaks; Baldwin does not explore
possible alternative hypothescs. Another criticism of this paper is that the once-and-for-all cffect of large
cxchange r:itc movements on prices of traded goods has no influence on the "true" excharge rate pass-
through cocfficient (£,). Why docs this cocfficicnt remain constant in the face of structural changes?
Is it plausible that éxchangc ratc fluctuations which arc insufficient to alter entry or exit decisions, yet
large cnough to affect prices, will always be symmetric regardless of the degree of competition in an
industry? The relationship between exchange rates and prices requires additional clarification, particularly
with respect to the long-run and short-run equilibrium.

Dixit's [1989] main contribution to the sunk cost model of hysteresis is the implementation of
financial economic techniques to calibrate the width of the "hystercsis band” or zonc of inactivity. The
central premise relics on comparing eatry and exit decisions to excrcising options; with greater exchange
rate variability, the valuc placed on these options increases, with the end result being less frequently

exercised options (i.c., wider hysteresis bands).
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To generate an cnvironment conducive to wide zones of inaction. Dixit assumes that exchange rates
follow a random walk in continuous time (Brownian motion) while firms are risk neutral, have rational
expectations and are price-takers. In addition to sunk entry costs (k). firms arc also assumed to pay sunk
exit costs (1). The width of the hysteresis band will be in part duc 1o the relative size of the total sunk
costs (k and 1) to the "recurrent costs™ (Dixit [1989, p.208]); smaller relative sunk costs reduce the zone
of inactivity. He also cxamines the cffect of a mean-reverting exchange rate process.  Similar to Froot
and Klemperer's [1989] temporary versus permancnt appreciation argument, in this model firms require
even greater current profits (losscs) to cnter (cxit) the market. This will have a tendency to widen the
hysteresis band.

The assumption of perfect competition ensurcs a pass-through coefficicnt of zero in the hysteresis
band; the number of firms is constant, the dollar price is constant, hence forcign firms absorb all exchange
ratc movements in their profit margins. However, using various hypotl;clical configurations (rumbers of
firms, variable costs, sunk costs, lincar demand/supply cquations) Dixit gencrates pass-through cocfficicnts
close to unity when exchange rate fluctuations trigger entry or cxit from an industry. For example, as the
U.S. dollar appreciates, new foreign firms enter while incumbent firms expand production. Both scenarios
lead to a decrease in the dollar price of the product. Dixit argues that these breaks in the relationship
between exchange rates and prices "could provide a test of the hysteresis hypothesis for various industrics”
(p- 227, italics added). Unfortunately, similar to Baldwin [1988], this argument does not provide for an
alternative to hysteresis as the reason for structural breaks. Even if we combine structura! breaks with
finn activity (i.c., number of new catrants, changes in capacity utilization, ctc.) there is no guarantee that
hysteresis is the source.

Ohno [1990] combines the corporate planning horizon with the existence of hysteresis to account for
the different degrees of pass-through cxhibited by Japanese and U.S. exporters during the large dollar

fluctuations in the 1980's. Hysteresis takes the form of market share stickiness and firms must incur
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(lincar) promotional costs to overcome the market incrtia and expand business from onc time period to
the next. Corporate planning horizons arc assumed 1o be shorter for U.S. firms. Ohno defends this
assumption by suggesting that the majority of stockholders in the U.S. - individual and institutional alike -
arc morc concerned with capital gains and quarterly profits than with long-tenm prospects. Japanesc
stockholders, however, consist mainly of other corporations under an umbrella organization ("keirctsu")
who f{requently sharc identical pursuits. Morcover, he argues that the higher cost of capital in the U.S.
provides an incentive for firms to concentrate on short-run profits,
Using thesc promotional costs, Ghno constructs a simple Cournot duopoly (Japancsc forcign firm and
a U.S. domestic firm}) with constant rcturns to scale and an cxchange ratc (¥/$) which has, with certainty,
high valucs for cven-numbered periods and low values for odd-ﬁumbcrcd periods. This assumption of
certainty ensurcs that two consccutive time periods will be identical regardless of the fact that there can
conceivable be an infinite number of periods. Since the hysterctic cffects occur solely when the exchange
rate fluctuates, long-term profit maximization only requircs consideration of an even-numbered period
followed by an odd-numbered period.
Under the assumption that cach firm takes the output of the other as given, the cquilibrium output
and prices can be calculated from cach firm's reaction function. The general solution can be described

as:

g = [1 + (rival’s unit costs) - 2(own unit co.st)]
3

(2.7)

p = [1 + (rival’s unit costs) -(ownunitcost)]
3

where g* and p* arc cquilibrium quantitics and prices respectively.
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By calibrating the theorctical model with assumed numerical valucs, Ohno undergoes a series of tests
on the length of the planning horizons by the two firms and the sevenity of the exchange rate fluctuations.
At low cxchange rate fluctuations, ncither firm responds sinee the gain from increased output is
outweighed by the promotional costs. As the fluctuations increasc in intensity, the Japanese firm begins
to adjust output. Greater fluctuations will foree both U.S. and Japanese firms to alter output. In the case
of extreme fluctuations, the Japancse firm withdraws completely from the U.S. market. Finally, Ohno
shows that firms with planning horizons oricnted towards the long run will select pricing policics which
lead to lower pass-through cocfficicnts and higher market shares.

Mclick [1990] offcrs an indirect cmpirical approach to cxchangé rate pass-through hysteresis by
testing for cocfficient stability in U.S. imports. Firstly, he estimates pass-through cocfficients using threc
diffcrent theorctical specifications; a purcly competitive model, an imperfectly competitive model (Nash
pricc competitors), and the Hooper and Mann [1989] markup model. Subscquently, he tests for exchange
ratc paramcter stability over the period 1973:1 to 1988:2 under the assumption that large U.S. dollar
fluctuations may have changed the aggregate behaviour of forcign firms operating in the U.S.

Mclick's recursive cstimation procedurcs follow David Hendry's gencral-to-specific modclling
techniques (Hendry [1987;1993]). An advantage of recursive cstimation is the case with which output
can be translated graphically; onc can examine recursively calculated parameter estimates and determine
the precise time at which the relationship(s) deteriorates.  His paper is also onc of the first pass-through
studics to implement and compare the Engle-Granger ;approach of singlc-cquation cstimation to Johansen's
[1988] multi-cquation procedure,

In spite of the level of econometric sophistication, Mclick finds little evidence to support the claim
that foreign firms alter their pricing behaviour during large cxchange rate fluctuations. Indeed, the only

favourable evidence (the Hooper-Mann model estimated using the Engle-Granger approach) is rejected
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on the basis of model misspecification.'

The empirical litcrature on price hysteresis typically concentrates on aggregate values of the traded-
goods price indices. Cross-scctional data of this nature is readily available with little or no discrepancy
amongst nations in the calculation of the indices. However, as Melick [1990] argucs, the use of aggregate
data to mcasure the structure and the stability of exchange rate pass-through can be mislcading. For
cxample, the absence of any structural change in the pass-through cocfficicnt, in spitc of large exchange
rate fluctuations, is not nccessarily an indictment against hysteresis, It is possible that a number of scctors
exhibit different degrees of hysteresis but, in the aggregate, we axe unable to reject the null hypothesis

of stability. Conscquently, empirical rescarch should focus on disaggregate data (Melick [1990, p.22]):

-..pass-through at the macroeconomic level is a complicated amalgamation of disparate
industrial structures that involves more than one long-run equilibrium relationship between
variables of interest. Efforts to relate pass-through coefficients to parameters from a
theoretical model are best done at as disaggregate a level as possible.

Il Markup Models
(i) Gencral Model (constant costs)

The most popular method to generate incomplete pass-through, or a pricing-to-market strategy, is to
rely on some variation of the typical "markup” model whereby firms charge a price cqual to a certain
percentage of marginal costs. In its simplest form, this markup (or profit margin) is solely a function of
cach firm’s (pricc) clasticity of demand. As a result, they are frequently referred to as demand-side, or

demand-inducing, PT/PTM modcls. While more sophisticated versions (Dombusch [1987], Fienberg

" Hooper-Mann employ a polynomial distributed lag (PDL) with an AR(1) correction for serial correlation.
Similar to Doornik and Hendry (1994, pp.216-7), Melick argues that the imposition of autoregressive error terms
implies a common factor for the independent variable and all the dependent variables. Since Melick was unable
1o aceept common factor restriction tests, by defzult, therefore, the source of autocomrelated residuals must be model

misspecification. For a more technical analysis of common factor (COMFAC) models, see Sargan [1980) or Hendry
[1993]. .
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[1986]. Hooper and Mann [1989]. Yang and Hwang [1994]) include additional vanables in the markup.
price clasticity of demand is assumed to retain the greatest influence.

The importance of clasticity of demand suggests a strong corrclation between the degree of
competitivencss within a market (i.e., market structurc) and the degree of exchange rate pass-through,
To illustrate this link between market structurc and pass-through, consider the profit maximizing sotution

for a firm cxporting commodity i to Canada:

(2‘8) Max =® = Lpl - .c..‘—]q‘(p')
P, ¢

where p, is the dollar price and g, represents the demand function. The bilateral exchange rate, e, is in

terms of forcign currency per dollar (for example, ¥/$) and ¢/e denotes the exporter’s marginal cost in

dollars.

Under the assumption of constant marginal costs and no domestic (Canadian) production, the first-

order condition gives the familiar markup pricing scheme:

2.9 y
(29 p‘=("l1]c_t

where 7, = (&/é0)(p/g) is the own-pricc clasticity of demand in the Canadian market.

To calculate the pass-through expression, we rearrange cquation (2.9) into log form:

(2.10) Inp, = Iy, - In(n,-1) + In¢; - Ine

3s



and differentiate with respect to Ine to derive:

(2.11) - 1.

dinp, . dlny, _ din(n,-1)| dinp, . dinc,
dine | dinp, dlnp, |dine dine
Gathcring terms and taking into account constant marginal costs (dlnc,/dine = 0), we cxpress pass-through

in the following manncr:

dinp, _ ~1
dlne , . dom,  dln(n,-1) )
- +
dinp, dlnp,

2.12)

In the case where these exporting firms operate within a perfectly competitive cnvironment (i.e., there
arc many identical exporting firms), pass-through will be complete. Under such a scenario, demand is
perfectly clastic (n, = ) and the two terms in the denominator involving m; will cancel cach other out,

resulting in:

(2.13) dinp,
dlne

On the other hand, an exporting monopolist facing the downward sloping industry demand curve has
clasticitics which vary throughout the price range. The exception, of course, is when the monopolist faces

a constant clasticity of demand curve. In this case,
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dinn, _ din(n,-1)
dinp, dinp,

214)

and oncc again, we observe full pass-through. However, in cases where the industry demand curve is less
convex than constant elasticity. a monopolist's markup fluctuates with changes in the exchange rate, and
we observe partial pass-through.

For cxample, it is relatively straightforward to show that a monopolist facing a lincar demand curve,
say q,= a + fp, has a pass-through cocfficient between zcro and onc-half, exclusively. Elasticity is

expressed in terms of the demand parameters and prices:

. dup PR

H

(2.15) Y dpygq «a-Bp
such that,

.16) diom, _dnp | _a

dinp, dp, n,; «-Bp,

and

dln("h'l) - d(ﬂ;'l)_ P - «fp;
dinp, dp, n,~1 (x-Bp)(-x+2Pp)

(2.17)

Inseﬁing cquations (2.16) and (2.17) into (2.12) , we derive;
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dlnp, 1

@19 dne 1o 8 . «Bp,
(x-Pp) (x-Bp)(-c+2Pp)

implving,

.19 dlnp; - 1 (fl; - 1)

dine 2 g, °’

where #,> 1 by assumptior (i.c., monopolists can only operate on the clastic portion of the demand
curve). Conscquently, the maximum pass-through of 50% occurs as n;, — @ , or as the monopolist
approaches his rescrvation price.™

Therefore, the gencral idea behind markup models is that, as we move away from cither of the two
extreme market structure classifications towards a monopolistic competitive framework, we expect
exchange rate pass-through cocfficients to vary between zero and onc.

Mann [1986, p.367] provides an intuitive foundation for the recent literature on markup/profit margin

models:
Profit margins arc a key link between the exchange rate and prices of traded goods that
extends the analysis based on the law of one price. Relaxing the assumptions of perfect

competition allows for short-run variations in the pass-through relationship observed in
macroeconomic data. .

Using a limit-pricing model with forcigners facing a "residual” demand curve, Mann discusses the main

™ Reservation price is defined to be the lowest price at which demand for the product is zero.
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microcconomic and macrocconomic factors which determine pricing strategy and profit margins,™

Mann's ecmpirical conclusions also provide a benchmark for future rescarch. While stability tests fail
to reveal any structural breaks in the pass-through cocfficicents, aggregate and industry level data indicate
a high correlation between profit margins for forcign firms exporting to the U.S. and the variability in the
U.S. dollar exchange rate.  Specifically. forcign profit margins decline slightly during the dollar
depreciation phase (1997-80) and increase slightly during the appreciation phasc (1981-85).

On the other hand, U.S. exporters do not reciprocate; profit margins do not change significantly with
a change in the cxchange rate. At an aggregate level, pass-through is closc to 100%, however, the
sustained appreciation may induce U.S. exporters to price somewhat more competitively than the historical
evidence suggests. At the industry level, this is onc of the first empirical papers to note that some U.S.
exporters actually increase profit margins during dollar appreciations. Mann suggests this behaviour (in
machinery products), for cxample, may be duc to the fact that these products are differentiated to the point
that forcign demand is inclastic, or, altematively, the share of exports is so small that it is aggregate
demand in the U.S. (on the risc during the appreciation of the dollar) which dictates export pricing

strategy.

(i) Hooper-Mann Model

In an cffort to derive an cmpirically tractable model, Hooper and Mann [1989] extend Mann's
[1986] analysis by specifying a functional form of the markup. In paﬁicular, the markup is assumed to
depend upon "competitive” pressures within a market and "demand " pressures in all markets combined

(Hooper and Mann [1989, p.300]):

¥ Microeconomic factors fall under the gencral heading of market structure; product differentiation, production
technology with non-constant returns to scale (i.e., upward sloping supply curves), oligopolistic framcworks and,
wage and sales contracts which may limit price adjustments to changes in both costs and demand. Macrocconomic
factors include the uncertainty surrounding business cycles and the volatility of exchange rates.
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Competitive pressures in the U.S. market are measured by the gap between competitors'
prices in the U.S. market and foreign production costs in dollars, while demand pressure
on foreign output is measured by capacity utilization.

Markups {2} arc given as:

A2 Licor
.20 A [C_‘ER][CU‘].

where P = average U.S. price level of good (i.e., proxy for competitors' prices),
C’" = forcign marginal costs of production in forcign currency,
ER = cxchange rate (domestic (U.S.)/forcign),
CU = capacity utilization,

amd0sa<], OsSB<I.

Substituting this cquation into a pricing cquation similar to (2.9) and taking logs gives:

@21) pm® - er -c” = a(p® -er -c”) +peu”

or, altcrnativcly,

(2.22) pm® = (1-a)er + ap® + (1-a)c” + Peu”

where pm® is the log of the imported good expressed in U.S. doltars, For any assumed level of capacity

utilization, both equation (2.21) and (2.22) show that as competitive pressures ease (@—0), markups remain
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constant and pass-through is complete.

In order to account for long-run as well as short-run implications, ecmpirical ¢stimation is in the form
of constraincd and unconstrained polynomial distributed lags (PDL's). Results indicate that:
(i) On the aggregate, pass-through cocfficicnts arc:

short-run: 20% (i.e., contcmporancous valucs)
long-run: 50-60% (18 months)

and robust across different functional forms;

(ii) parameter stability tests are not as conclusive: most functional forms do not indicate structural breaks,

however the unconstrained PDL's show a break in 1982.

The Hooper-Mann specification of the markup provides an intuitivcly appealing version of why we
obscrve partial pass-through. Further, its simplicity in cmpirical cstimation is cqually attractive. As a
result, other authors cmploy this framework to cxplore similar arcas of interest. For, cxample, Melick
[1990] uses three simple theoretical models of pass-through, including the Hooper-Mann specification, to
estimatc pass-through cocfficients as well as cocfficient stability.*® Using a VAR approach, the Engle-
Granger two-step procedure and traditional PDL specifications, he finds that nonc of the restrictions
implied by these models is consistent with the (aggregate) data, leading to the conclusion that "cfforts to
relate the pass-through cocfficients to parameters from a theoretical point are best donc at as disaggregate
a level as possible" (Melick [1990, p.227])). In spite of this divergence between actual and implied
theoretical valucs, cocfficients are stable over the data period, refuting the proposition that agents altcred
their behaviour (in aggregate) during the dollar appreciation.

Athukorala [199i] adopts the Hooper-Mann cmpirical specification in his study of the rclationship
between exchange rates and prices of manufactured exports from Korea. Using truc price indexes rather

than unit value indexes, he estimates tae following rcgression for several aggregate catcgorics of

2 An analysis of Melick's [1990] paper is also covered under the "hysteresis models® section.
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manufactured goods:
&

(2.23) px =+ ‘Z: Buer., + Bapf, + Bydp, + Bicp,, + €,
g

where, px = export price in won,
er = exchange rate ‘quolcd in won ,
pf = compctitors' prices (measured in destination currency),
dp = demand pressure (capacity utilization),

¢p = unit production cost,

When prices in the exporting currency are the regressands, pass-through cocfficients (@) become:

k
(2.24) ¢=1-2 by

Athukorala argues that the "competitiveness” of Korcan export markets is reflected by the value of
phi. If Korcan cxporters are essentially price takers (in forcign currency), changes in the exchange rate
would translate into an equal change in the won pricc of exports, leaving the price valued in foreign
currency intact; ¢= 0, Converscly, as the market power of Korean exporters increases, ¢ approaches 1.

Over the sample period 1980:1 - 1989:1, Athukorala finds:

(8) Korean cxporters absorb, on average, 72% of a given change in the exchange rate within one year,
with the largest part of the adjustment occurring within two quarters. Although the pass-through is
calculated at 28%, empirical tests show that it is not significantly different (at a 5% level) from zero;

(b) cocflicients on pf are close to unity suggesting exporters keep prices in linc with foreign competitors;

(c) cocfficients on dp and cp are not statistically significant; and
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(c) no cvidence to support the proposition that exporters price strategically (i.e.. retain/gain market sharcs)
depending upon whether the won is appreciating or depreciating,

In essence, Athukorala argues that, over the sample period. Korcan exporters arc price takers in all their
forcign markets.

In a similar vein, Khosla [1991], uscs the Hooper-Mann theoretical approach to demonstrate the cffect
of exchange rate fluctuations on the ven price of Japanese exports. He measures the extent of exchange
rate pass-through in the cxport scctor of the Japancse economy using data (1975:1 - 1987:1V) [rom
fourteen industry groups - including motor vchicles - and tests for structural breaks in the relationship as
a mcans of verifying the hysteresis hypothesis. In short, his results reinforce the notion that homogencous
goods have a lower pass-through (adjusted or unadjusted for costs) than differentiated goods. In the casc
of motor vehicles, pass-through is consistently cstimated at 60%. In addition, Chow tests at three time
points (e.g., 1981:1, 1983:l, and 1985:1lI) do not rcveal structural breaks for most industrics, thercby
refuting the hysteresis hypothesis.®

By his own admission, however, Khosla's cmpirical estimation is quite ad hoc in nature. The initial
regressions of the yen-denominated export prices have cxchange rates as the sole explanatory variable.
Subscquent regressions include lagged exchange rates and lagged gross-weight input prices (e.g., raw
materials, cnergy fcquircmcnts). His questionable cmpirical specifications aside, however, he does present
convincing arguments that changes in costs require greater attention (Khosla [1991, p.49]):

The tendency in Japancse costs to move in line with exchange rate changes can be
attributed, first, to the high import dependence of Japancse industry for its raw material
and energy requirements, which makes it vulnerable to exchange rate, rew material, or
energy price shocks., Second, technological progress can lower costs of production,
giving the firms some leverage in holding down prices. Whatever the case, cost reduction

D These results are not surprising since the hysteresis proposition is based upon the appreciation of the U.S,
dollar and subsequent "flood” of new competitors in the U.S, market, However, the hysteresis test is on the fotal
exports by Japanese firms and not those exports solely carmarked for the U.S. market. [If these tests are to be true
indicators of (the lack of) hysteresis, then they an only be viable when the Jupancse yen depreciates with respect
to all its export destination currencies.
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lower export prices and cause a spurious pass-through problem™ (emphasis added).

Recognizing the importance of cost considerations in the Japanesc casc, Atukarala and Mcnon [1994]
scparate the pricing-to-markct (PTM) behaviour from the total pass-through cocfficicnt (TPT). The
domecstic cost variable in the Hooper-Mann markup is divided into labour costs and intcrmediate materials

costs. Thc exporting pricing equation becomes:

(2.25) px =g + Bcu +Bpw + Bier + Pmc + Pwg + BT + ¢,

where PX = yen cxport price,
cu = capacity utilization,
pw = compctitor's pricc in destination currcncy,
er = cxchange rate (quoted in yen),
mc = cost of maierials input,
wg = labour costs adjusted for productivity

T = trend cffect to capture changes in productivity.

Given that f,=¢px/der represents the dircct effect of exchange rate changes on the yen price of exports,
the PTM cocfficient is f-1. The cost of intcrmediate materials (mc) is assumed to be represented by an

cquation of the form:

(2.26) mec =« + &icu + d,ier + &;imp + 5, iwg + €,

* Tto [ 1992, chapter 8] corroborates Khosla's argument; the relatively low share of labour in total manufacturing
(30% compared to 70% for the U.S.) coupled with the unique wage-setting agreements in Japan suggests that
exchange rate changes will primarily affect costs of intermediate inputs.
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where fcu = capacity utilization in the intermediate goods scctor,
ier = nominal cffective exchange rate for intermediate imports quoted in ven,
imp = cost of intcrmediate imports {in forcign currency) in the intermediate sector,

iwg = labour costs in the intermediate scctor, adjusted for productivity.

To calculatc the total pass-through (TPT), simply add both dircct and indircet effects of exchange rate
changes: TPT = [(B,+8.6,) - I]. Comparing PTM and TPT cstimates over the range of manufactured
goods, the difference between the two values vary from 6% for chemicals to 18% for metal products. The
diffcrence in the transportation cquipment scctor is only 7%.  Atukorala and Menon [1994, pp.279-80]
summarizc the results from their version of the Hooper-Mann model:

While it is evident that the PTM clement is the dominamt influence behind incomplete pass-

through, the cost lowering effect of exchange changes scems to have provided Japanese exporters
with considerable leverage in enduring the massive yen appreciation over recent years,

Despite its popularity. the Hooper-Mann interpretation of markups has two scrious flaws. First and
foremost, the functional form is completely ad hoc in the scnse that it docs not flow from any notion of
profit maximization or dynamic optimization bchaviour on the part of firms. This lack of theorctical
content cxposes it to the criticism that one can sclect virtually any variable to represent "competitive
pressures” and/or "demand pressures” and still maintain an acceptable model. Such an approach provides
the cconometrician with ample opportunity to data-mine, Seccondly, this model assumcs @ priori that the
exchange rate pass-through is incomplete.” Unlike the general markup model, there is no provision for
potential cases of complete pass-through or the occasional casc of pass-through in cxcess of 100%.

Ideally, a model which accounts for all possibilitics is preferable to narrower models.

¥ See the restriction on « in equation (2.20).
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(iii} Industrial Organization Models

Using an industrial organizational approach consistent with the structurc-conduct-performance
paradigm, this group of models provides greater theorctical content to the sclection of variables
determining markups. For example, Fienberg [1986] develops a version of the dominant firm model. The
& largest firms arc assumed to maximize joint profits in order to determine the cartel price, The remaining
price-taking firms (e.g..the "competitive fringe") include both domestic and forcign producers. The profit

maximization condition for the £ dominant firms 1s;

N~ €x(1-C-M) - M MC
Cotny-€1-C,-M)-e M| *

{2.27) p=

where p = price (in destination currcncy),
n,, = clasticity of demand for the market,
& = price clasticity of supply for the domestic competitive fringe,
£, = price clasticity of supply for the forcign competitive fringe,
C, = k-firm concentration ratio,
MC, = marginal cost,

M = import share.

As a result, in addition to the clasticity of demand, the markup includes clasticitics of supply of
domcstic and forcign fringe producers, the k-firm concentration ratio and the share of imports.
Unfortunately, Fienberg [1986, p.63] admits that onc cannot calculate the theoretical solution for the
cxchange rate pass-through cocfficient:

By toully differentiating, the (expected) implication derived is that an increase in the real
external value of the currency (E) is associated with lower domestic prices, dp/dE < 0.
Another result is that the effect of exchange rate movements, entering directly through M,

will differ depending on market concentration and import penetration. Unfortunately, both
of these variables are endogenous in the model, precluding an explicit causal solution.
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Rather, he rclics on the results from Dombusch [1987] to test the effect of exchange rate fluctuations on
domestic (German) prices under various market structures,™

Marston’s [1990] markup model concentrates on PTM behaviour by climinating the portion of
incomplete pass-through attributed to exchange rate induced cost shocks. By taking the ratio of a firm's
export price to domestic price {(expressed in domestic currency), the common portion of marginal costs

cancel cach other out. Mathematically, we have:

¢ -

(2.28) Pr_ v _(e-])
Py (-1 €

where e = exchange rate (domestic/forcign),

P, = forcigh currency export price,
p. = domestic price,

' & = price clasticity of demand in the cxport and domestic markets, respectively.,
Given the specification of his profit function, this markup ratio is a function of rea/ prices and real income
in cach market. Total diffcrentiation of first order conditions gives PTM clasticitics between 0 and |
when markups arc variable and demand curves less convex than constant clasticity.

However, Marston's major contribution centers around the ability to detect changes in this ratio due
to exchange rate "surprises” (i.e., unanticipated changes in the exchange rate). If firms preset their prices
in foreign currency, Marston shows that nomiral exchange rate surpriscs will have an cffect on profit
margins, albeit temporary, until firms have the opportunity to cﬁangc prices.

In general, his results indicate that Japanese firms altered their profit margins (1980:2 - 1987:12) in

order to remain competitive. There is also some evidence which suggests that the PTM clasticitics

% Dormbusch's [1987] model of Cournot scllers shows that the morc competilive an industry and/or the lurger.
the share of imports, the greater the effect of exchange rate fluctuations on the dollar price of tradeable goods,
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increase when the yen appreciates.  Finally, with respect to the automotive scctor, the PTM elasticity for
small passenger cars is 50% whercas the cummulative clasticity for all passsenger cars is 95%.

Shinjo [1993] also examincs the relative prices of Japanese products destined for export and domestic
markets. However, in his version of equation (2.9), the price clasticity of demand is substituted with a
measure of domestic market concentration (Herfindahl Index) as well as a measure to detect the degree
of product differcntiation (sharc of wholcsalc margins in total sales). This is an ad hoc specification based
upon the premise that; (a) firms in more concentrated markets have a better opportunity to engage in PTM
behaviour as they can maintain high profit margins from domestic sales through collusion; and (b) the
morc differcntiated the product, the faster export prices can adjust to exchange rate fluctuations. From

his regression results, Shinjo [1993, pp.163-4] states:

it confirms that the PTM behaviour is more pronounced smong the type of goods whose
domestic market is more oligopolistic as measured by the H index and that the PTM is not merely
a short-run phenomenon, for the correlations with the H index remain significant even three years
after the Plaza Accord. The highly significant positive cocfficient of WX85 in row 2 suggests that
firms in the differentiated markets have been able to "pass-through™ more easily to the export
price, in response to the foreign currency depreciation,

(iv) Knetter model

Knetter [1989;1993;1994] has a novel approach in estimating the general model pricing cquation.
Recognizing the difficulty in measuring marginal costs and markups, he extends Rosse's [1970] work by
inferring these values from firm behaviour. For cach destination, an exporter’s price is a function of 2
common marginal cost, which may vary over time, and a destination-specific markup. Empirically,

regressions take the following form:
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e

(2-29) Inp, = 6, + &, + Blns, + p,

where P, = price in exporter’s currcncy.
6, = timc cffccts (capturcs common marginal costs),
A,= destination-specific cffect (proxy for markup),
s, = exchange ratc (destination currency/export currency)

&, = white noise error term.
In Knetter [1989], he subsequently tests the value of these coefficients to determine which market
structure is responsible for incomplete exchange rate pass-through.”’ From his data (1978:1-1985:IV). he
concludes that price discrimiration is the key to understanding the pass-through relationship. U.S.
exporters frequently amplify rather than attenuate the effect of changes in exchange rates on dollar prices
of cxports, whereas German exporters have a tendency to stabilize their destination-currency prices of
cxports.

Onc criticism of this work stems from the fact that many cocfficients arc quite similar across a broad
spectrum of commodities. Docs this imply, as Kasa [1992] suggests, that the curvature of these demand
curves is similar? If not, there ought to be factors other than price discrimination to account for
incomplcte pass-through.

Morc importantly, there is some confusion as to exactly which variable represents the markup. The
reader is left with thc impression that only A; captures the destination-specific markup. Hoﬁvcvcr, since
the expression in cquation (2.29) contains a common marginal cost variable (8), ther by definition, any
change in the cxchange rate which impinges upon the cxport currency price must be the result of

variations in the markup. Therefore, given that B, represents the elasticity of markups with respect to

7 In his tests for a purely competitive world market, price cquals marginal costs and his null hypothesis is
A=p=0. In the case of price discrimination with constant elasticity of demand, $=0 is the null hypothesis, with
&, capturing the (constant) destination-specific markup.
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cxchange rates, the assumed measure of markups, 4, , should be replaced with (A+B). The cnsuing high
degree of collincarity between variables may explain why more than 50% of the reported statistics for B,
arc statistically insignificant at the 5 percent level. Another indicator of high variances and standard errors
is the obvious non-stationarity of the marginal costs variables as revealed in the graphs for German
exports of large and small cars (Knetter [1989, pp.207-208)).

Knetter [1993] addresscs some of these cconometric problems by cstimating the differenced form of

cquation (4.40):

2.30) Alnp, = 6,+BAlns,+¢,

In this interpretation, changes in markups arc captured by the valuc B, which in turn is assumed to be
determined by the convexity of demand curves in destination markets. PTM or "local currency price
stabilization” (LCPS) as Knetter defines the term, occurs when f; values lic between zero and minus one.
Positive valucs confirm the “"perverse” case where changes in markups amplify the effects of changes in
cxchange rates.

Despitc the fact that pricing behaviour of automobile cxports to Canada ranges from full pass-through
(Germany) to negligible levels of pass-through (Japan), Knetter [1993, p.484] generalizes his results with
the statement that:

~..comparisons of source-country behavior within common industries indicate remarkably
little evidence of differences in behavior. This is contrary to the impression generated by
previous work on markup adjustment by Mann (1986), Knetter (1989), and Kenichi Ohno

(1989). Formal F tests never reject identical price adjustment within industries, although
the power of theses tests is admittedly weak.
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Moreover, he suggests that destination-specific markup adjustment is similar across industrics. In
other words, there arc no syvstematic differences across destinations: Japanese exporters, for example, treat
the U.S. market in precisely the same manner as their other export markets. These results also contrast
with the styvlized facts of previous work done on aggregate data (Mann {1986]. Knetter [1989], Obno
[1989], Mcnon [1991:1993b]), which suggest that U.S. exporters exhibit less LCPS than their Japanese
or German counterparts. Knetter belicves that this discrepancy reflects the mix of export industrics in the
ageregate data rather than any differences in behaviour for similar industrics.

However, there is another plausible cxplanation for the apparent consistent bchaviour across
destinations and within industries. By his own admission, the F tests constructed to evaluate the null
hypothesis of the constrained equations (F=£=-.) have "low power”, The reliability of this statistic is
compromised when we consider the functional form of the cstimated equations. Strictly speaking, if
cquation (2.30) follows dircctly from cquation (2.29), as implicd (Knetter [1993, p.475]). then not only
should marginal costs be differenced (i.e.,46) but the error term (g,) is actually a moving average
MAC()] function (g, = ,, - g,,). This crror term has an expected mcan cqual to zero but a variance

twice as large (20;) as that in equation (2.29).>* This will incrcasc the standard crror of the residual by

* Starting from the assumption that the error term in equation (4.40) has an expected mean equal to zero, 2
constant variance and is not correlated over time;

Ep) =0

o :qu

if t=s
E(uy) = 7
Bk i res
where t,5 = 0,21 2243
Therefore, in cquation (4.41) we can calculate the variance of the crror term in the following manncr:

=E [l-‘i] - E2pgp,,) + E [“‘?"1]
=d + o) |

2
= 20“
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approximatcly 40%, cffectively enlarging confidence intervals for hypothesis testing. Therefore, when
we examine confidence regions for a parameter vector (Kennedy [1992, ch. 4]), F tests are morc apt to
accept the null hypothesis of )dentical parameters cven though the cstimates themselves may appear quite
different.

In addition, the modecl suffers from the problems associated with differenced regressions. These
“growth-ratc" modcls of the form 4y, = @, Ax, + ¢ can account for only short-run rclationships between
vaniables, The absence of data in‘lcvcl form precludes long-term relationships. If, for example, the
vartance of A4x, is rclatively large compared to the variahcc of 4y, the estimate of @, is small, even

though the variables may have a cointcgrating vector of one (e, y, = x,).

(v) Strategic Behaviour Models

The theorctical foundations of these markup models explicitly account for strategic interaction
between competitors. Pricing behaviour, including PTM, is assumed to depend upon the perception of
rivals' reactions to changes in a competitor's behaviour.

Krugman [1987] constructs a simple static Cournot competition model where a European firm faces
a U.S. competitor (perfect substitute) in the U.S. market. With constant marginal costs and a constant
elasticity of market demand, cach firm faces a perceived clasticity of demand equal to 75 where n =
market elasticity and s = firm's market share.” If s = U.S. firm's market share and s” = (Z - s} = European

firm's markct share, then the optimal pricing decision for cach firm is:

® Constant clasticity of market demand is chosen such that the results with a U.S, competitor (incomplete pass-
through) can be compared to the monopoly position (complete pass-through).
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p-[ I ] for the U.S. firm
(2.31)

p-[ k! ]c_‘ Jor the European firm,

such that in cquilibrium, market shares adjust to cquate the pricing rules. The presence of market shares
in thc markups is responsible for incomplete pass-through. For cxample, if the Europcan currcncy
depreciates (¢T). the price offered by the European finm falls. However, the price will not fall
proportionately to the change in the exchange rate since the European firm's market share will rise and
subsequently lead to an tncrease in the markup. Therefore, movements in market shares attenuate changes
in the exchange rate.

Dornbusch [1987] presents several theorctical models illustrating how relative prices adjust in
response to cxchange rate movements. Each of these pricing models is based or the notion that price
adjustments result from changes in relative unit labour costs. The underlying assumption, therefore, is
that technology is lincar with only labour as an input. With thc assumption that wages arc constant
throughout the adjustment period - as arc the number and location of firms within an industry -
clearly,these models depict short-term movements. Of particular interest, is a Dixit-Stiglitz type model
of imperfect competition with "representative consumers”. By itself, the representative consumer utility
function, where variety in éonsumption is important, will gencrate constant markups. However, in an
extended version, Dombusch considers strategic price interaction by means of conjectural variations, The

pricing policy becomes:
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where P = price in domestic currency,
17 = clasticity of demand,

6 = (dP/P)/dP/P), the clasticity of aggregate industry price w.r.t the pricc of the i®
compctitor,

w = unit labour costs in forcign currcncy,

e = exchange rate (foreign currcncy / domestic curreney).

Oncc again, we have a variable in the markup which attenuates exchange ratc movements.
Dombusch illustrates, both graphically and mathcmatically, how foreign firms lower their dollar price less
than proportionally to the reduction in their dollar unit labour costs. In turn, domestic firms lower their
price but the relative price of domestic firms increases >

Giovannini [1988] addresses the issuc of firms' expeciations in the pricing.problem. Hec presents a
model whereby a risk-ncural firm sells its produét in both domestic and foreign markets. Demand curves
in both markets arc a function of the firm's price, a vector of compctitors' prices, as well as a vector of
"shift" vanables. Firms maximize (expected) discounted future profits based on all currently available
information. However, he assumes that firms commit themselves to prices which are determined at the
outset of each period and prior to the realization of exogenous variables (competitors' prices, factor costs,
and shift variables). As a result of these fixed prices over the duration of each period, exchange rate
"surpriscs” can lcad to incomplete pass-through. Therefore, it is the stochastic nature of the exchange rate,
along with price predetermination, which produces deviations from the law of one price in the short run.

In his empirical scction, Giovannini produces evidence of deviations in PPP for products which can

% ‘This is truc for differentiated products only. For homogexnous products, domestic firms match this reduction.
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be considered homogencous (i.e., nuts and bolts, screws, ball bearings) in nature. This contradicts the
gencral assumption that onc requires some sort of differentiated product to generate PTM or deviations
from the law of onc pricc. Onc can reconcile the two positions once one understands the form of
Giovannini's transaction imperfection. By forcing firms to precommit prices, any exchange rate surprise
will create PTM regardiess of the nature of the product,

Feenstra et al. [1993] examinc the relationship between market share and exchange rate pass-through
in the automobile sector from 1970-1988." Demand for varicty i is a function of a veetor of competitors'
prices and total expenditurc on all varictics. Under the assumption of Bertrand competition, competitors’
prices are assumed to be constant. Therefore, from the first-order condition, the value of the clasticity
of demand in the markup (n;) is also a function of compctitors' prices and total expenditure on ali
varicties. The static modcls discussed in the theorctical section indicate how countries with large market
shares typically pass-through a greater portion of changes in the exchange rate. However, with smaller

sharcs, the relationship exhibits a considerable degree of nonlincarity (Feenstra et al. [1993, p.11]):

The general relationship that is suggested is a pass-through clasticity that might
initially decline as market share rises, but will increase towards unity as market share
approaches 100 percent,

Unfortunately, the empirical estimation deviates considerably from the theorctical content. The theory does
not explore the dynamic adjustment paths, yet the authors usc the Phillips-Lorctan [1991] procedure for
estimating long-run cquilibrium relationships. Short-run’ departures from the long run arc accounted for
by including both lag and lead differences of the independent variables. Furthcrmore, thc‘cocﬂ'icicnt for
the pass-through clasticity is assumed to depend on market shares (nonlincar specification) as well as
source anci destination cffccts (similar to Knctter [1989;1993]).

On the other hand, in their analysis of the Swiss automobile market, Gross and Schmitt [1993} find
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PTM bchaviour which is independent of market sharcs®  Similar to Feenstra ef ol [1993]), demand for
variety i is a function of compctitors’ prices, However, through the use of conjectural variations, strategic
price interaction varics from Bertrand competition to full collusion. From the first-order conditions,
markups arc a function of the curvature of thc demand function {(assumed to be lincar) and the conjectural
variations with respect to cach competitor’s price.

If prices arc sct in the buycr's currency, Swiss francs. Gross and Schmitt derive the typical symmetry
between marginal cost cffects and exchange rate coffects on optimal prices. However, if profits arc
expressed in the currency of production and demand curves expressed in forcign currency prices, this
symmetry no longer holds, providing the competition between firms is not Bertrand. Therefore, with the
addition of conjectural variations, onc can infer through the symmetry condition whether firms play a
Bertrand game as well as the choicc of currency in the pricing policy.

Using quarterly data from 1977:1 to 1991:IV, they find rclatively similar behaviour within
classifications of automobiles, but different behaviour across classifications. They attribute the difference
to variations in intensity of competition across categorics; the greater the rivalry within an automobile
category, the smaller the exchange rate pass-through. The conclusion that PTM is independent of market
share is bascd upon the Japanese cxperience in the Swiss market. In spite of the increase in market share
from 13% to 35% over the data period, the Japanese PTM coefficient remains constant.

Finally, Yang and Hwang [1994] address the issuc of strategic price interaction by including the
relative prices of competing goods in the demand curve along with forcign and domestic output. Similar
to Branson and Marston [1989], they consider the behaviour of a firm selling to both domestic and foreign
markets where marginal éosts arc assumcd to be an increasing function of output and factor prices but

declining over time in responsc to productivity growth. The first-order condition produces a markup which

* The Swiss market is selected upon the basis of its low tariff rate discrimination across source countries, and
the absence of domestic production facilitics.
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is a function of rclative priccs (in a common currency), domestic output. and forcign output. Total
differentiation of the markup cquation produces an exchange rate pass-through clasticity which is a function
of the price clasticity of demand and the clasticity of the markup with respect to prices.

Conscquently, markups which contain variables other than clasticity of demand incvitably lead to
cxchange ratc pass-through clasticitics which arc a function of "markup clasticitics” as well as demand
clasticitics. Yang and Hsvang rcitcrate a recurring theme which occurs when modcls contain strategic
behaviour: namcly, one can gencrate incomplete pass-through cven if one assumes a constant clasticity of

demand.

Il Adjustment Cost Models

In his scminal papcr outlining the concepts of PTM, Krugman [1987] presents a simple dynamic
supply-sidc modecl bascd on the assumption that "bottlenecks” occur when quantitics adjust to cxchange
rate changes. If, for example, exporters cannot expand their sales to 2 market without incurring costly
marketing and distribution costs (e.g., improvements in service infrastructure), they will not adjust
quantitics if this capacity cannot be provided. Only in the long run, once the infrastructurc is in place, will
quantitics and prices adjust. Morcover, Krugman also notes that if changes in the exchange rate are
perceived as temporary, firms may decide not te invest in infrastructure in the first place. Conscquently,
under the assumption of adjustment costs, Krugman argues that the degree of PTM is a function of how
recent the exchange rate has changed and whcthcr'thc movement is viewed as icmporary or permancnt.

Unfortunately, Krugman docs not claborate on how the degree of PTM is influenced by the amount
of time clapsed since the original exchange rate shock. It is not clear if the pass-through is initially zero
and proceeds towards unity for each and every exchange rate movement or, alternatively, if PTM gradually

moves towards unity (even at the initial stages) as an exporter who invests larger amounts in infrastructure
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no longer faces capacity constraints. Krugman also suggests that adjustment costs ought to be greater, the
more rapid the expansion. Yet, in his model he adopts a lincar adjustment schedule {hfdx/dr)} whercas
a quadratic specification of the form ‘{h(dx/dt)’} might be morc appropriatc.

In a rclated arca, Gagnon [1989], uses quadratic adjustment costs along with imperfect competition
and rational expectations to modcl the dvnamics of international trade flows. The objective of his paper
is to provide a more rigorous thcorctical model to explain the importance of lags and price clasticitics with
respect to the ULS. trade deficits of the 1980s. From his cstimates, he suggests that lags in trade flows are
primarily the result of significant adjustment costs.

In Gagnon and Knetter [1995], combinc Knetter's [1989] static model of PTM with Gagnon's [1989]
dynamic adjustment cost model to cxamine both short-run and long-run markup adjustments for scveral
automobile-cxporting countrics. A modified version of cquation (2.29) is estimated to derive the long-run
cointegrating rclationship. Combining this regression with the theoretical results from Gagnon's [1989)
dynamic optimization problem. they follow the Engle-Granger two-step procedure to estimate the following

error correction medel:

(2.33) Alnp, = ) + @Alnp, , - ojAlne, + [1-a] - &}]8,-6,,] - «if, + ¢

where, P, = pricc in cxporicr’s currency,
" e, = cxchange rate (destination currency/export currency)
&, = common marginal cost estimates from cointcgrating cquation, and

fi, = residual from cointegrating cquation,

In general, their results indicate that PTM is pervasive in Japanese automobile exports, present to
some degree in certain German categorics and destinations, and practically absent from U.S. automobile

exports. Results are also robust to differcent specifications and not particularly sensitive to sample periods
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selected. Differences in behaviour are attributed to:

(i} intensity of competition in automobile categories and/or markets;
(i1) differences in adjustment costs between producers; and
(iit) strategic behaviour.

However, the adjustment costs considered by Gagnon and Knetter do not arisc from the typical
marketing and distribution problems, but from production rigiditics. Citing ancedotal evidence from The
Wall Street Journal (March 5, 1991, p.A4). the hypothesis is that Japanese and German firms find it mor;:
costly, relative to U.S. firms, to adjust the level of labogr inputs‘“whcncvcr there are shocks to the svstem.
In csscnce, institutional features of labour markets in these countriés;_prccludc the possibility of adjusting
inputs on a rcgular basis and therefore, naturallyr lend themsclves to PTM behaviour,

Kasa [1992] providcs tl;c most thorough dynamic analysis of PTM with adjustment costs. Without
specifying the exact nature of these costs, Kasa assumes that costs of adjusting quantitics - which are
destination specific - account for differences in marginal costs of supplying forcign markets. This
dispersion of marginal costs creates deviations from PPP. One important addition to the model is the
distinction between Lransitory and permarnent exchange rate movements.  Similar to Froot and Klemperer

[1989], he assumes that firms will ¢ngage in intertemporal profit shifting (PTM) the more transitory the

- .

perception of an exchange rate shock. Other demand side sources of PTM arc effectively climinated by

assuming constant clasticity of demand. The role of adinzai cnt costs is further isolated by abstracting from

any strategic interaction or market stracture issucs.

The theoretical model uses a dynamic optimization franicwork to ‘examine the behaviour of a
monopolist (German) supplying identical products to two foreign countrics (U.S. and Canada). Maximizing

the expected present discounted value of profits with respect to quantities:
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{2.34) 210.
{eme}

\i-'.vhcrc, §,S; = Deutsch mark price of U.S., Canadiza dollar respectively, and

6,6, = Demand shocks for U.S., Canadian market - obscrved before time t output decision,
Solving the sccond-order difference cquations, the decision rules for supplying the U.S. and Canadian

market are:

q = lqbl + ( _l)(l-lB)E (lﬁ)lqugq
J=0
(2.35)

g = Agmy + (1-A7)1- AB)Y A"BYE, 4
0

where §, §* arc the "optimal" quantitics in absence of adjustment costs and are functions of the exchange
rates, demand shocks and clasticity of demand. Since demand clasticities arc assumed constant and
demand shocks have expected means cqual to zcro, the only variable whic;..h requires cstimation of future
values is the exchange rate. following Hansen and Sargent [1931] Kasa uses the Wiener-Kolmogorov
pmdicﬁon formula to transpose the sum of a_ll.futurc values into ar cquation consisting of current and past
values. By converting the two supply equations in terms of prices and taking their differences, ke derives

an cxpression for the equilibrium relative price for the two countries:



(2.36) X, =X+ AW+ Y,As5, ¢ Y:AS:. * 73(3:.-1 +Prt) + v,

where, ®, = (5, + p) - (5, + p.) = log of thc DM pricc in the U.S. rclative to Canada and.
>0, y.<0.

Kasa tests the proposition that, under FTM. the Deutsch mark (DM) prices of U.S. imports will rise
(fall) rclative to prices in Canada when the U.S. doliar appreciates (depreciates). Offsctting changes in the
Canadian dollar/ U.S. dollar exchange rate (4s=4s,) can lead to PTM if the two countrics have different
stochastic processes for their cxchange rates or if they have diﬂ'crcnt. adjustment costs (ie.. 7, 7 ). In
general, his results suggest that adjustment costs arc important in both countrics. In particular, the
adjustment costs for automobiles exported to the U.S. from Germany arc relatively more important than
other commoditics.

Finally, Knctter [1994] uscs a variation of his 1989 model to compare the relative importance of PTM
duc to adjustment costs versus PTM duc to the "market share” hypothesis. The general idea is that if
adjustment costs - in the form of capacity constraints or quantitative tradc .restrictions - are valid then
they will only be binding during currency depreciations.  Consequently, there will be an asy-;:imctxy in
pricing responses; PTM will be greater when the exporter’s currency depreciates. On the other hand, if an
exporter's main objective is to incrcasc market shares, the asymmetry pricing response is reversed.
Assuming that market shares increase as the price of exporters’ products (in destination currency) falls, a
depreciation of the exporters’ currency with constant markups o'r an appreciation of their currency with
lower markups will reduce the destination-currency price. Therefore, under this assumption, PTM will be

greater under an appreciating currency.
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Knctter tests this asymmetry hypothesis by cstimating cquations containing appreciations and
depreciations. While the data never strongly reject symmetric responscs to appreciations and depreciations,
industry level analysis appears to favour the market share hvpothesis.

Knetter [1994, p.57] notes:

All seven categories of automobiles in the datn sample (three Jananese and four German)
exhibit more PTM when the exporter's currency is appreciating. This is most surprising
since the bottlenecks model scems particularly applicable to this industry - due to the
possibility of genuine bottlenecks in distribution and the cxistence of fairly explicit
quantity restrictions on Jupnacse aulo exports to a number of destination markets during
the sample period,

Unfortunatcly, Knelter does not provide any insignt into why the adjustment cost ( or "marketing
bottlencck™) assumption does not hold for the Japanesc automobiles. Oddly cnough, the adjustment cost
modecl is faveured when all Japancse industrics arc pooled together cven though individually, the majonty

favour the market sharc modcl.

V. Institutional Models

Recently, there has been considerable intercst in “institutional" features as a potential reason for
<explaining incomplete pass-through behaviour. Generally speaking, proponents of institutional models
cschew the notion of sophilsticatcd modcls based on imperfect competition or intertemporal profit-shifting,
in favour of simple institutional barricrs. They argue that by ignoring the institutional scttings between
trading partners, a valuable, if not obvious, reason cxplaining partial pass-through is neglected. Two of
the morc prominent institutional models rely on non-tariff barriers (NTB's) and the roie of multinational

corporations (MNC's) to solve the pass-through phenomenon.
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(i) Non-Tariff Barriers (NTB')

Bhagwati [1988] was onc of the first to challenge contemporary models of pass-through based on
"new tradc" assumptions in f{avour of simple NTB assumptions. II for instancc, a quantity restriction
imposed by a voluntary export restraint (VER) is binding, the price in destination currency reccived by the
exporter is higher than the pricc which would prevail in an unrcgulated market (i.e.. exporters receive a
premium for the NTB-restriced products). Subscqueatly, as long as the VER quantity is binding,
depreciations of the destination currency will result in lower premiums for exporters rather than higher
prices. For sufficiently large depreciations. the quantity restriction will no longer be binding and
destination currency price will rise, although the exchange rate pass-through clasticity will be less than one.
Citing evidence of a 25% increase in the coverage of U.S. imports by NTB's for the period of 1981-1986.
Bhagwati reasscrts his contention that institutional features, by themselves, can account for incomplete
pass~through in the long run.

In his analysis of exchange rate pass-through for Australian imports of automobiles, Mcnon [1993b)
illustrates the main results of NTB's using a downwards sloping demand curve and an “inverse L' supply
curve. The horizontal scction of the supply curve reflects the world price of the product under his small
country assumption, whereas the vertical portion represents the binding quantity restraint,  Small
depreciations simply shift the horizontal portion of the supply curve upward while the vertical portion
remains intact. If the quantity restraint remains binding, pass-through is zero. Only large depreciations
shift the horizontal portion ;Df the supply curve above the existing cquilibrium price, effectively climinating
the need for quantity restrictions.

Menon [1993b, p.103] argues that his simple model cxplains the stylized facts for the Australian
imports of automobilcs:

The massive depreciation of the AUD [Australian dollar] against the Japanesc Yen and
most Western European currencies during the 1985-1986 period had produced an outcome

similar to the case described above, rendering quota protection for the industry
redundant...the result was a less than fully subscribed quota pool.
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(i) Multinational Corporation (MNC) strategies

Menon [1993a:1993b] claims that the role plaved by MNC's contributes more to the literature on
cxchange rate pass-through than NTB's. In an cnvironment plagued with exchange ratc volatility, he
highlights threc stratcgics available to MNC's which can reduce the risks associated with uncertainty and
unfavourable shocks.

Firstly, he cites cvidence of widespread use of "internal exchange rates” for intra~firm transactions.
The usc of internal exchange rates cnables foreign affiliates, for example, to insulate their pricing‘ decision
from large "cxtemal” or current exchange rate fluctuations. Secondly, MNC's frequently provide flexible
internal credit arrangements for affiliates who face considerable exchange rate volatility. By prolonging
the timing of payments until a more favourable exchange rate returns, the link between an affiliate’s pricing |
dccision and current exchange rates is further reduced. Thirdly, the choice of currency denomiration for

intra-firm transactions will also affect pricing decisions (Mcnon [1993a, p38]):

By invoicing in the currency of the importing country, and with the ability to determine the
timing of payments, the MNC is in 2 position to bypass exchange rate fluctuations that occur
in the interim. The bargaining problem that besets arms-length trade does not apply to intra-
firm trade, and the invoicing currency becomes a choice variable that can be used to facilitate
competitive pricing stratcgies or balancing global exchange rate risk within the MNC.,

Rangan and Lawrence [1993] suggest that the large presence of U.S. multinational activity combined
with "data problems” can account for the apparent pricing behaviour discrepancy between Japanese (or
German) exporters and their U.S. counterparts. There is ample empirical evidence that U.S. exporters
engage in considerably less PTM than oth& G-7 countries. Yet, in their personal survey, the authors find
that 80% of respondents claim pricing decisions arc made in local markcfs and roughly 60% retained
constant I;:}cal currency prices during the dollar's decline from 1985 to 1989. However, the U.S. Burcan

of Labor Statistics (BLS) shows that the export price index moves in tandem with the domestic (U.S.)
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wholesale price index over this period ™

Rangan and Lawrence {1993,p.346] arguc that:

The key to resolving this apparent contradiction lies in the last explanation offered above:
data problems. In particular, i an important number of cases, officiul U.S. export prices

do not actually indicate the prices paid by final purchasers of U.S. products abroad
(emphasis in original).

Thercfore, given that a substantial portion of U.S. manufacturing cxports (40%) is through intra-firm
transactions, the authors argue that BLS data arc biased towards intra-firm pricing decisions and have
little to c.;ﬂ'cr in the way of U.S. stratcgic pricing decisions towards foreigners.

There is one important question the authors do not address. If biased export price indices result in
U.S. exporters passing through the ful! amount of exchange rate shocks, why do countries such as Japan
and Germany - who, through analogous arguments presumably face similar biascs - only pass-through
a portion of exchange rate changes? The answer depends upon who is responsible for absorbing the
exchange rate shock; the parent company or its affiliate(s). Rangan and Lawrence assumc that foreign
qfﬂlz‘ales of U.S. parent companics act as a buffcr. They claim that U.S. MNC's charge identical prices
(in doilars) to all their affiliates who, in t‘l.ll.'-n, make the decision or what destination-currency price
should be charged in forcign markets. The main reason U.S. MNC's follow this particular practicc is 1o
avoid prosccution under forcign antidumping laws and/or U.S. antitrust laws.

However, in Menon's [1993b] study of Japancsc automobi'c exports to Australia, cvidence presented

by the Prices Surveillance Authority {1989, p.51] indicate t4at parent MNC'’s absorb cxchange ratc shocks:

-

% The authors question BLS methods of acquiring data for domestic and export prices. Thesc prices arc
collected through mail surveys where, frequently, the same department within a corporation is responsible for
answering both surveys. Rangan and Lawrence arguc that there is an incentive (i.e., the possibility of prosecution
for price discrimination) to provide identical figures for both markets.
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~.imports by subsidiuries of multinational companics from parent companics overseas are
frequently denominated in Australian dollars... In this way, the parent company bears the
cost of exchange rate movements, at least in the shortsterm. The parent company can
balance its global exchunge risk, while allowing greater stability of prices and profit
margins in Australia, where domestic producers may be the major source of competition,

Unlike their U.S. counterparts, Menon argucs that Japancse MNC's maintain a tighter rein on their
affiliates, appcear to be less concerned with antitrust legislation, and concentrate on climinating exchange
rate risk across all forcign markets.

Supporters of the institutional approach to pass-through arguc that their position has not received
proper attention in the literature and merits further investigation. Be that as it may, it is not clcar that
institutional responscs, by themselves, justify a scparate account of PTM behaviour. What is clear,
however, is that MNC stratcgic behaviour is geared towards stabilizing destination-currency prices;
regardless of whether the parent company or its affiliatcs absorb exchange ratc movements., As such, it
does not differ, in principle, from market share models such as Froot and Klemperer [1989] or Feeastra
et al [1993] where firms arc assumed to retain market share in face of exchange rate volatility. Nor does
it differ from the vast array of markup models which retain destination-currency price stability through
profit margin acljustmcnis. What institutional models do provide is the transmission methods of how firms

arc able to retain market share and how firms arc able to adjust profit margins.



CHAPTER 3

A THEORETICAL MODEL OF EXCHANGE RATE PASS-THROUGH

3.1 Introduction

From the previous chapter, it is evident that there are numerous approaches to account for incomplete
the pass-through of cxchange rates. Different conclusions, regarding the nature and extent of changes in
cxchange rates on the prices of traded manufactured goods, can be traced to differences in theoretical
models (and assumptions) and/or diffcrences in cconometric methodologics.!  The central theorctical
contributions of this thesis are the formulation of a model which synthesizes two existing dichoto;llics in

the exchangce rate pass-through literature, and an extension to this model which "nests” competing models.

(i) Demand-side Versus Supply-side Dichotomy

The first dichotomy relates to the roles of demand-side versus supply-side influcnces on exchange
ratc pass-through. With the exception of Kasa [1992], the past decade has produced models which rely
solcly upon demand-side effects (Athukorala [1991], Hooper and Mann [l98§], and Mann [1986]) or
solely on supply-side effects (Dixit [1989], Krugman [1987], and Krugman and Baldwin [1987]) to explain
the phenomenon of incomplete exchange rate pass-through.

Demand-side models operate on the premisc that the effects of exchange rates on prices of imported
goods operate through profit margins (markups). Although the determinants of profit margins vary
(Fienberg [1986], Hooper and Mann [1989], and Yang and Hwang [1994)), the don;inant variable is the

price clasticity of demand. Under general conditions, a constant clasticity of demand witl ensure full pass-

' Differences in econometric methodologies also include differences in data selection (i.e., data frequency, level
of data aggregation, data "proxies”, etc.).
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through of cxchange rate changes. Demand schedules tess convex than constant clasticity gencrate
incomplete pass-through whercas demand schedules more convex lead to an amplification of the effect
of .cxchangc ratcs on prices (i.e., pass-through in cxcess of 100%). From a demand-side perspective,
therefore, a simple lincar demand curve can capture incomplete pass-through.

Supply-sidc models attribute incomplete pass-through to some form of adjustment cost. The typical
case occurs where firms incur significant non-production infrastructure costs when changes in the
exchange rate dictate an increase in quantity supplicd. For example, if exporters cannot expand their sales
to a market without incurring costly marketing and distribution costs (e.g., improvements in infrastructurc),
"bottienccks” develop such that quantities, and thercfore prices, will not respond - at least in the short
run.® In the long run, as infrastructure problems are surmounted bothlpriccs and quantities adjust. If, as
ngman [1987] suggests, adjustment costs arc greater the more rapid the adjustment, it would be
appropriatc to modcl these costs as quadratic rather than lincar. |

One reason for the initial development and ﬁubscqucnt proliferation of these two separate approaches
is the displeasure with traditional models incorporating both demand and supply effects. The clasticity
approach, along the lines of Harberler [1949], Branson [1972] and Magee [1973], has two major
weakncesscs. Firstly, it assumes that suppliers fully pass-through changes in exchange rates, in the sense
that supply curves rotate by the full percentage (See Figure 2-a, Chapter-2, below) of the movement in

‘exchange rates.” This assumption about supply responses is acceptable for cases of perfect competition, -
however, when industrics are classified as imperfectly competitive, it is reasonable to assume that supply

responscs vary according to the degree of competition, the degree of substitutability between exports and

* Production-induced adjustment costs in the form of bottlenecks can also Jead to partial pass-through. Whether
these bottlenccks occur in the form of capacity constraints or high costs of changing levels of employed labour or
other factors of production, it is clear that output will not respond to movements in cxchange rates.

> The fact that the new equilibrium price implies incomplete pass-through of exchange rates is due to the usual
assumptions of upward-sloping supply curves and downward-sloping demand curves.
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domestically produced products, the level of government regulation, the importance of adjustment costs,
etc. Sccondly. the clasticity approach does not address the issuc of dynamics. There is a complete lack
of information on how prices adjust from one cquilibrium position to the next. The absence of short-run
dynamics is a concern for @/l types of static modcls, not just the clasticity approach.

Clearly, a "general” model of exchange rate pass-through which synthesizes the cffects attributable
to demand-side influences as well as the cffects attributable to supply-side influcnces must meet three
basic criteria. Firstly, it should be able to account for incomplete pass-through under different market
structurss.  Specifically, it should encompass perfectly competitive situations similar 1o the clasticity
approach. Yet, it should also account for incompletc pass-through under conditions of imperfect
competition where markups over marginal cost can vary in responsc to changes in exchange rates. These
include modcls of incomplete pass-through based on market segmentation (i.e., pricing-to-market {PTM))
such as Knctter [1989;[993]; Marston [1990], and Yang and Hwang [1994]. They also consist of modecls
based on imperfect substitutability between domestic and imported goods such as Isard [1977] and
Richardson [1978].

Sccondly, it should account for incomplete pass-through which arisc as a direct result of prohibitive
adjustment costs. In particular, it should be capable of explaining the possibility of bottlenccks in the
production/distribution process which occurs when changes in exchange rates exert pressure on quantitics
supplied,

Finally, the model must be able to account for a firm's pricing behaviour over time. A general model
which incorporates time-gencrated dynamics will account for pricing decisions which are contingent upon
the stochastic propertics of forcing variables. In the case of exchange rate pass-through, a firm's decision
whethér to alter its destination-currency price in light of an exchange rate fluctuation will not only depend
upon current rates and movcments, but also the perception of any future cxchange rstc movements, For

cxample, exchange rate movements which are expected to “mean-revent” will lead to pricing decistons in
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stark contrast to cxchange ratc movements which are perceived to be permanent. Even within "mcan-
reverting” cxpectation modcls, pricing decisions may differ.' In addition, firms which invest time,
resources, and moncy into export markets expect to remain in these markets for a considerable length of
time. Occasionally, this lcads to short-run decisions which differ from long-run plans. For example, if
the exchange rate of a country exporting products appreciates significantly, firms may take a wait-and-see
approach; preferring to let profit margins suffer in the short run rather than pass-through the change in
exchange rates into hiéhcr forcign prices and risic losing. a portion of their market share, If, however, the
appreciation docs not revert within a specific time frame, the firm may adjust its cxpectations of the
appreciation (i.e., from temporary 1o permanent) and pass through the full value of the appreciation.
Therefore, the model should be capablc of | scparating short-run dynamic bchaviour from long-run

fundamental cquilibrium relationships.

(1)) Theoretical Versus Empirical Dichotomy

The second dichotomy cxamines the discrepancy between the specification of theoretical models and
the cmpirical cstimation of these models. The fact that significant differences arise, between what a
model or system of cquations predicts and how this model or system is econometrically t;stimatcd, can
be explained in two manners.

The first explanation is a data-related problem, often beyond the control of the researcher, but
important nevertheless. These discrepancics frequently arise from the lack of suitable data. Unable to
find a precise theoretical variable, one must imi:rovisc and sclect a proxy. For a given pool of proxy
variables, it is possible for estimation results to differ signiﬁ;:antly across choices. Unfortunately, data
sclection problems continue to exist - particularly at the disaggregate level. The short-run solution is to

rccognize that estimation results, statements of inference and policy conclusions are cach subject to data

* See foolnote 18, Chapter 2, below,
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limitations.

A morc important factor accounting for this discrepancy, and completely within contro!l of the
rescarcher, is the problem of data-mining. For any given choice of data, the underlyving desire to find a
"cmpirical formula” lcads to and empirical specification which, at times, has only the vaguest resemblance

“to the theoretical model.  For example, Hooper and Mann [1989; p.300] assume that markups are a

function of:

.competitive pressures in the U.S. market and demand pressures in all markets
combined. Competitive pressures in the U.S. market are measured by the gap
between the competitors' prices in the U.S. market and foreign production costs

in dollars, while demand pressure on forcign output is measured by capacity
utilization. -

The choice of these variables to represcnt responses in markups to changes in exchange rates docs not
come from any theorctical maximization probiem. Rather, one suspects it comes from its intuitive appeal
as well as data availability.

A morc common form of data-mining is the inclusion of lagged values of a variable. A lagged
endogenous variable is added at the cstimation state to reducc the probability of autocorrclation and/or
a lagged exogenous variable is added to account for dynamic interactions.

It stands to rcason, ﬂ\em;orc, that 2 good "gencral” model of exchange ra.tc pass-through can avoid
the dichotomy between theorctical models and their empirical counterparts by forging étrongcr links
between the two. If one is truly to account for dynamics or a priori beliefs, these concerns ought to be
implemented at the theorctical level rather than imposed arbitrarily during the estimation procedure.

This chapter is organized as follows, The next scction derives the theoretical model based upon the
issues raised in this introduction. Secction 3.3 discusses the issues related to the extension of the original

model. This includes the rationale for the extension, a brief discussion on contemporary issucs

surrounding the association between conjectural variations and long-run equilibria of dynamic game theory
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and nesting possibilities of rival models under various assumptions. Finally. section 3.4 briefly

summarizes the chapter.

3.2 Theoretical Model
Given the above criteria, the specified model consists of a rational-expectations dynamic optimization
problem, whercby a firm with a differcntiated product faces a lincar demand curve and quadratic

adjustment costs:

. nd c‘(q ‘1,-) 2
(3-1) Max V; = EI-IE bt pﬂ‘tq‘f*‘! = ['_k] = %(qkﬁt - qk‘t-l)-‘ ’
™0 53e]

Py

subject to a given p,,, and where E,, is the mathematical expectations operator, p, represents the price in
Canadian dollars, ¢ is the bilateral exchange rate expressed as forcign currcncy per Canadian dollar,
C'(q..) is the forcign cost function, adjustment costs arc condensed in the paramcter f and b7 is the
discount factor. [Initially, the lincar demand curve is of the form: gq,.. = 4, - @p,.. ; the extension
considers strategic price interaction amongst competitors.

The first-order conditions of cquation (3.7) gencrate a system of Euler cquations that can be solved
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using standard dynamic optimization techniques:®

A,a A1 C,
(3'2) Prizs = —1—- * A’lp -t '_I - E“(_q]
igetel e Fai\ % ror o orote

fuf{l -i]

r=-10,1..

The firm's marginal cost C/e cxpressed in Canadian dollars and the lagged price of the product are

the only two cxplanatory variables in this model,

The distinct roots 4, and 2, arc created from the factorization of;

1+%L+%L==(1-}.1L)(l-l._,L)=1—(J.1+l._.)L+Al}.2L2

% Sec Hansen and Sargent [1980], Kennan [1979], and Sargent [ 1987, Chapter 9] for a comprchensive review
of these techniques. In order to solve the sccond-order difference cquations and avoid an "explosive” result, one
needs upper and lower boundary conditions. The lower boundary condition is given by the initial level of p,,,
whercas the upper boundary condition, known as the terminal or transversality conditian, is calculated as:

) av, ) ¢
lim “‘—?Pmr‘ =0= limpT a - &2~aNpy.r + “::fPuom M “ze_q T .
ko T
T T~w

The transversality condition will hold if:
(a) (C;Ic)imis of exponential order less than 14b; and
() the solution for p,., is of an exponential order less than 1/b .
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Ixs

where

1
(3.3) I'=ej-—— - (1 + }}|.
[f.,, ‘ ’l

In ordcer to estimaitc cquation (3.2), onc must specify a tractable solution for the infinite geometrically
declining sums of expected future marginal costs. A popular method is Hansen and Sargent's [1981]
approach using the Wicner-Kolmogorov prediction formula. In essence this prediction formula takes
advantage of forcing variables which arc assumed 1o be gencrated by a vector ARMA process. The

problem is specified as:

(3.4) : ¥, = EY Aj[xwmt]
Jro

where # is a scaler and f2/ < 1, x,is apxl ;'cctor of variables, and {2 is the relevant information set.
If there is a ¢ dimensional stochastic process z, which gencrates 2 ,suchthat 2 = {z--c0<s5s <8},
then current and past valucs of £ capturc all the information in £2. Hanscn and Sargent [1981, p.256]
also note that "As a special casc, x, can be a subvector of z,". Applying the Wold Decomposition

Theorem to the £ process and implementing the Wiener-Kolmogorov prediction formula, equation (3.4)

becomes:

¥, = D)z, + F(D)u,
(3.5)
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where D(L) and F(L® arc finite order lag polynomials and &, is the crror term. which is assumed to be
orthogonal to 2, :nd «, € 2. If onc considers the ‘special case’ of Hansen and Sargent's [1981] model,

the stochastic process of marginal costs (in Canadian dollars) follows an AR(1) process:

(3.6) [_C_s.] ) p[fe_] ‘E
| e )y € )y

where & is whitc noisc and p< 1.

Taking cxpectations will eliminate the random error term, and future values can be cxpressed as:

6.7 (&] - p:[&]
€ /iy ¢k
forj 21
Substituting this expression into cquation (3.2) gives:

A i . A [C; ]
Diorsy = —— _— .
(3.8) erel s L
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There arc two features of cquation (3.8) which require additional investigation. Firstly, onc notes
that paramecter p mcasures the relative importance of the pcrmancnt component of cxchange rate
movements, Conscquently, as pcrccptions of exchange ratc movements change from temporary to
pcrmanent (p — 1), pass-through cocfficients become larger.  Sccondly, the fact that only
contemporaneous valucs of (dollar) marginal cost enter the equation is duc to the assumption governing
the data gencrating process (DGP) for marginal cost. A onc-period lagged valuc of marginal cost will
enter the cquation if the DGP is an AR (2) process as opposed to an AR (1).°

One of the advantages of sclecting a "non-anticipative” representation for sequences of expected
future variables is the case with which onc can transform the results into error correction models (ECM).

For example, supposc we have the following bivariate autorcgressive-distributed lag (ADL) cquation:

S ¢ .
(3.9) p, = ap, + 307‘ + Bl7 ., + & where £~ N(0,0p) .

We can reparameterize this cxpression in the form:

! C, C,
Ap' = (“-l)p’_l + BOA[—-q_] + (Bo-l-Bl{_q.l + &‘
e} € b

(3'10) co -

. C,

R O
H -1

€

* Nickell [ 1985] provides mathematical calculations for other data generating processes including random walks
with a dnift, random walks with a moving average (MA) error, and second-order autoregressive (AR(2)) with a unit
root and drift,
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where r={B,+B, /Il - a} - the long-run rclationship.
B, = impact cffect,
{a-1) = feedback cffect, and

(v - Y[C/e])., = crror correction mechanism.

Once of the fcaturcs of an ECM is that it has the ability 10 isolate short-run dynamics | B.(a-1)]. from
long-run cconomic rclationships (3. As such, it satisfics the primary objective of scparating short-run
dynamic bchaviour from long-run cquilibrium bchaviour. Sccondly, one can take advantage of the
isomorphism between ECM's and cointegrated variaﬁlcs.’ Engle and Granger [1987] show that if the
variables arc nonstationary but cointegrated, there cxists an appropriatc ECM. Conversely, if an ECM

represents an adequate model specification, the variables must be cointegrated.

3.3 Extension to the Model

One of the fundamental assumptions of the original model is that a fimm's optimal pricing strategy
is independent of competitors' actions. In the automotive industry, however, onc observes an oligopolistic
market structure® A key feature of oligopolistic industrics is a mutual interdependence amongst the
behaviour of firms; decisions by onc firm prompts other firms to react in some manner. Typically,
decisions on whether or how to respond will depend upon the perceived magnitude of threat. Finﬁs may
react in a similar fashion (e.g., lower prices to match competitors' reductions in prices), or choose a

strategy from a number of altematives; differentiate their product in some aspect, increase advertising

7 Intuitively, if there is a long-run relationship between two (or more) nonstationary variables, they will be
cointegrated if deviations from the long run are stationary; i.e., the individual time serics profiles drift together
(Charemza and Deadman [1993, Chapter 5], Kennedy [1992, Chapter 16] and, Engle and Granger [1991, Chupter
1]). The formal definition is presented in the scction on estimation.

* For a survey of traditional oligopoly medels, sce Hay and Morris [1991, Chapter 3], und Thompson and
Formby [1993, Chapter 13]. ‘
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expenscs, extend cuslomer scrvice or warrantics, ef celera,

Given the number of available options, modelling rivals' responses involves the creation of a moré
complex dccision-making process for cach firm. Since there is a general lack of data on most of the
stralcgic responscs, mutual interdependency is confined to pricing strategics. In particular, onc assumes
that only changes in rivals’ prices will clicit a response. Conscquently, the extension accour: s for strategic
price intcraction between competitors by deriving the optimal pricing strategy subject to a now demand

curve:

@.11) Qe = & = @Dy 121 Bj.pjf-o-:'

With this new spccification, it is clear that calculation of the second-order difference cquations as
well as the transversality conditions requires the use of conjectural variations (CVs); namely Bjeud Piree
Despite the criticisms of adopting a conjectural variation approach (Fricdman [1983, p.110]) to
oligopolistic game-theorctical issues, it remains a popular choice, particularly for applied work (Dixit
[1988], Eaton and Grossman [1986], Herguera [1994]). In its defensc, it can be argued that the use of
CVs cnables relatively casy comparison of Coumot-Nash, Bertrand-Nash, and perfectly collusive
behaviour.

However, the debate summounding the validity of CVs as an appropriate assumption governing firms'
behaviour is typically discussed within the context c;f a static framework. In a recent paper, Dockner
[1992, p.378) cxamines the relationship between ﬁc long-run cquilibrium of a dynamic game and the

conjectural variation cquilibrium of a corresponding static game:
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It tumns out, that the steady state closed-loop (subgame-perfect) equilibrium of the
dynamic game coincides with a static conjectural variations equilibrium with
nonzero conjectures. Hence, in the limit, if the steady state closed-loop equilibrium
is stable, itis possible and justified to interpret a conjectural variations equilibrium
as the outcome of dynamic strategic interactions. With the simplifving assumptions
of lincar demand and quadratic costs we are able to sharpen our predictions. In this
case, the steady state closed-loop (subgame-perfect) cquilibrium of the asymmetric
dynamic game corresponds to a conjectural variations equilibrium with constant
und symmeiric conjectures. This result suggests that it is not only possible to relate
conjectural variations to dynamic competition, but also to justify the choice of
constant and symmetric conjectlures across [irms as they correspond to firmy'
equilibrium behaviour [emphasis in original].

Morcover, if adjustment costs and/or discount rates change, ceferis paribus, there will be different steady
statc valucs of the closed-loop game giving different (cndogenous) conjectures. Dockner also shows that

the greater the adjustment cost parameter, the closer an industry approaches static Cournot behaviour.

Therefore, maximizing:

= C')| f .
Max V = E b S Bl RS - 2
(3_ 1) t r«-l;o p ko-.:qlzo-: ” 2 (qﬂ"t ql.w: - l)
subject to:
(.11 Gy = G =GPy * }‘:! B;Pper

leads to the following optimal decision rule:’

* See Appendix A for the complete derivation.
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(3.12)

where,

(3.13)
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In this case, compctitors' past, current, and expected future prices have an cffect on the pricing

decisions of cach fin.  As a result, onc nceds to specify the solution for the infinite gecometrically

declining sums of cxpected future prices for cach competitor, in addition to the solution for expected

future marginal costs. Once again, if onc assumes the 'special case’ of the Wicner-Kolmogorov prediction

formula whereby competitors prices follow an AR (1) data-generating process:

(3.14)

-pjro-: = 6p_;'l"-r-l + et«:’

where &, is white noisc and & < 1.

Taking expectations will climinate the random crror term, and future values can be expressed as:
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(3.15) By = 5

forrel.

Substituting this cxpression into cquation ¢(3.12) gives:

i.a - A C
(3.16) Pra = |- —11 +Ap,.. * . S [_:.]
S, by 1-— fo[1 - £ ezl
x, i,
r - -
1 A
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\ A2

where Z, , & = f ($ine)-

Onc of the appealing featurcs of the extension is its ability to "nest" or "encompass” the original non-
interactive model.'” If, for example, al B, = 0, then not only will cach of the terms outside the square
brackets equal zero, but @, = -a; such that the term inside the square brackets is identical to cquation
(3.8). _ In other words, the lincar demand function reverts to its original specification. On the other hand,

however, even if cach of the competitors is playing a Bertrand game such that all conjectural variations

are cqual to zero (p/cp, = 0, j#4), it is possible that the original version and the extension will differ.

1 Although the terms "nest” and "encompass” are [requently used interchungeably, there exists & number of
encompassing procedures which enable separate rival models to be compared even though neither model is & nested
version of the other (Charcmza and Deadman [ 1993, Chapter 8]).
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The following table lists the theoretical comparisons of the rival models under various assumptions

concerning values of B, and conjectural variations:

TABLE 3-1

Comparing Coefficients between Original Model (3.8) and Extension (3.16)

- """ e

d
% . 0 2 *0
P, dp,

B=0 identical equations (3.2) identical equations (3.2)

B =0 identical constant term, lagged p;

cocfficient, and exchange rate all parameters differ
pass-through coefficient (4, = )

By dcfinition, thercfore, the exchange rate pass-through coefficients will differ between the two
versions if B, # 0 and firms belicve that competitors will match some fraction of its own price changes

(i.e., non-Bertrand gamecs).

3.4 Summary
The theorctical model derived in this chapter is based upon three major considerations. Firstly, there
is a nced to incorporate both demand and supply influences on a firm's exchange rate pass-through

behaviour.  Sccondly, theoretical specifications should have a legitimate, compatible and tractable
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cconometric solution, rather than cstimating in an ad hoc manner. Thirdly, the model should be able to
distinguish short-run dynamic behaviour from long-run equilibrium rclationships. A dynamic optimization
modcl based upon behaviour consistent with rational expectations theory, along with a lincar demand
curve and adjustment costs addresses cach ol the pertinent issucs. The resulting partial adjustment model
can be respecified as and crror correction model (ECM). The advantage of ECM estimation is that it
scparates long-run relationships from short-run dyramics,

The extension to the model accounts for the possibility of strategic price interaction between
compctitors, It "ncsts” the original modcl and a table of restrictions indicates how parameters difter, if
at all, under the two models. Morcover, as the following chapter on estimation explains, the extension

can also be uscd to "nest” competing cconometric methodologies.

83



CHAPTER 4
EMPIRICAL METHODOLOGY

4.1 Introduction

In spite of rccent advancements in cconometrics, particularly within the time scrics literature, there
is relatively little agreement on how applicd cconometricians ought to proceed with their rescarch agendas
(Gerrard [1995], Gilbert [1986], Pagan [1987], Pagan and Wickens [1989], and Phillips and Loretan
[1991]). Gerrard [1995] alleges that the cmergence of different cconometric methodologies reflects the

general methodological dissent in cconomics. Using Blaug's [1992, p. xii] definition of mcthodology,

.. study of the rclationship between theoretical concepts and warranted conclusions
about the real world; in particular, methodology is that branch of economics where we
cxamine ways in which cconomists justify their theories and the reasons they offer for
preferring one theory over another,

)

he argues that there arc two conflicting approaches on the subject of methods of theory appraisal:
deductivism and empiricism. Deductivism takes an axiomatic approach; policy implications of cconomic
theory are comrect if they arc deduced from axioms in a logically consistent fashion.! The "truth-status”
of an axiomatic approach, therefore, can not be refuted by empirical evidence. Empirical evidence merely
determines the applicability of cconomic theory to specific situations. Moreover, this applicability is
bascd on the presumption that significant transitory effects, which often arc omitted from the theory, are
not present.  Blaug [1992] labels this approach to empirical investigation as "verificationism". ‘ i

_At the other end of the spectrum, proponents of empiricism insist that the "truth-status;;‘of any

cconomic theory- should be consistent with the observed data. Economic theories are accepted if the

' Axioms arc assumed to be sclf-evident truths. The deductivism view has it roots in works by John Stuart Mill
[1836).
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cmpirical cvidc;ncc is unable to reject the implications of the theorics. Under this approach. theorics
should be presented as potentially falsifiable.

The role of empirical cvidence differs significantly under these two methods of theory appraisal.
Deductivism relegates empirical investigation to a secondary role, preferring to accept economic theories
based upon their axiomatic and logical merits, In contrast, cmpiricists accept theories solely on the basis
of their congruence with the empirical evidence.® 1t is not surprising. therefore, to find these two distinet
approaches as philosophical foundations for altemnative econometric methodology. Each of the following
three prominent methodologies exhibit a deductivism or cmpiricism bias: the classical lincar model (CLR);
Sims' [1980] athcoréfiéal vector autoregression (VAR) time scries moﬂcl: and the London School of
Economics (LSE) approach.

The CLR model is the traditional (North American) textbook technique towards applied cconometrics.
Economic theory provides the deterministic portion of the cconometric model. A random crror term
captures the stochastic portion of the model which may arise if variables arc omitted, variables are not
mcasured with accuracy, and/or there is an inhcrent randomness in human behaviour. A random term
with all the appropriate propertics (cxpected mean value of zero. constant variance, and no serial
corrclation) ensures that the cstimators have the desirable propertics of unbiascdness, asymptotic
efficiency, and asyﬁ:ptotic consistency. After the initial cstimation, diagnostic tests arc conducted in order
to assess the pcrformanc'c of the model. Wrong theoretical signs, statistically insignificant parameters
and/or serial corrclation, among other problems, cach justify a respecification of the model.

Typically, respecification cither introduces new variables and/or employs different estimation
techniques. For example, a low Durbin-Watson (DW) statistic may be interpreted as an omission of

variables problem; in which case a new variable is added. Alternatively, a low DW statistic might be

? A model is deemed "congruent” with the evidence if diagnostic tests indicate that it passes a series of specific
criteria,
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construed as cvidence of positive serial corrclation: in which casc a rescarcher might re-cstimate using
the Cochranc-Orcutt procedurc. This respecification procedure illustrates both the ad hoc and path-
dependent nature of the CLR approach.

The CLR mcthodology is based upon the deductivism view. The initial cconometric model is
assumed to be corrcet. Poor diagnostics indicate cstimation rather than theoretical problems. As Gerrard

[1995 p.230] articulates, the CLR approach:

..immunizes economic theory from cmpirical eriticism by interpreting anomalous
evidenee as an estimation problem, not a potential falsification of the model specitied by
cconomic theory.

On the other hand, Sims' [1980] athcorctical time scrics approach advocates the empiricist view.,
Sims mcthodology is bascd upon the argument that there are fow, if any, truly ;:xogcnous variables: afl
variables are incvitably interdependent. Given that all variables are endogenous, a simultancous equations
model using the CLR approach imposcs "incredible” restrictions on the sysicm. Morcover, cquations can
only be cstimated if the regressors arc lagged valucs of the endogenous variables, Conscquently Sims
suggests a VAR approach whereby cach variable is a function of its own lagged value and lagged values
of all other variables in the system.’ Thércforc, VARs rcpresent reduced-form cquations without
restrictions imposed by cconomic theory. The objective is to derive a parsimonious representation of the
model - through data-driven restrictions - which is consistent with the data. Once an adequate
representation is accepted, theoretical implications can be tested usiﬁg the cstimated VARS.

This methodology has been criticized on scveral fronts. The testing of competing economic theorics
is suspect, given that one is dealing with reduced-form cquations rather than structural equations, Cooley

and LeRoy [1985] argue that VARs arc not suitable for testing exogencity nor arc they appropriate for

3

Sce Cooley and LeRoy [1985], Runkle [1987], and Spencer [1989) for explanations, crilicismy, and
controversy surrounding the VAR methodology.
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policy cvaluation. However controversial, the VAR mcthodology remains a popular choice for
cconometric cstimation; apart from its appeal to those who favour the empiricist philosophy, VARSs have
an excellent forccasting record against competing simultancous cquations cstimators.

Although Sargan [1961:1964:1980:1983] provides the foundation, it is Hendry's [1993] "gencral-to-
specific” methodology which brings the LSE tradition to prominence. In brief, the LSE mcthodology lics
somcwherc between the deductivism approach to CLR cstimation and the empiricism approach to
athcorctical cstimation.

Similar to Sims' methodology. the LSE approach starts from a gencral model with the maximum
number of regressors and the longest possible lag valucs for any given data constraint. Once again, the
modeclling strategy is to parc down the number of regressors (and lags) through diagnostic tests. Unlike
Sims' approach, and more in line with CLR estimation, the models are structural in nature, relying on
cconomic theory to provide the long-run causality relationships. For example, the models frequently take
an crror comrection form whereby long-run cquilibria is dictated by cconomic thcory and short-run
dynamics arc data-driven. However, the modelling process of the LSE approach is considered a
misspecification problem, while the CLR approach treats it as an cstimation problem. The objective is
to continuc respecifying until the model achicves congruency. Hendry's criteria for congruence are:’

(i) data coherence;

(i)} datz admissible functional forms;
(3it) thcory consistent modcls;

(iv) paramecter constancy:

(v) rival modcl cncompassing.

Although not without its critics (sce Damcll and Evans [1990]), the appeal of this approach is its
ability to providc a balance between deductivism and empirnicism (Gerrard [1995, p.232)]):

Overall the LSE approach, as formalized in Hendry's general-to-specific methodology,
offers a practical implementation of the scientific (falsificationist) method, Economie

* Sec Kennedy [1992, p.83] for a detailed explanation on these criteria.
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theory and empirical evidence interact in a meaningful way in the search tor good
cmpirical models.

This thesis employs. to a certain degree, clements of cach of these three methodologics. The rcason
for sclecting diffcrent methodologizcs is three-fold. Firstly. as stated in the introduction, onc of the central
objectives of this thesis is to bridge the gap between theoretical models and the associated empirical
mcthodology. Estimation procedures arc more intuitively appealing if the links to theoretical foundations
arc clearly delineated. For ¢xample. and notwithstanding potential non-stationary data problems, certain
static profit-maximizing modcls of cxchange ratc pass-through (Athukorala and Menon [1994], Hooper
and Mann [1989], Khosla [1991], Knctter [1989:1993], Mann [1986], and Mcnon [1993b]) naturally lend
themselves to CLR estimation given the fact that all contemporancous rcgressors arc considered
cxogenous. Similarly, dynamic optimization modcls, such as the model specificd in this thesis, are also
predisposed to CLR estimation providing the only differcnce is the inclusion of lagged endogenous (i.e.,
pre-determined) variables and/or lagged exogenous variables.

In contrast, if somc of the contemporancous regressors are endogenous variables, OLS single-cquation
estimation or multiple-cquation estimation (e.g., Zellner's [1962] scemingly unrclated regressions (SUR))
is no longer valid.* The problem is simultancous cquation bias; endogenous variablc regressors become
contemporancously correlated with the crror terms. The traditional response is to solve the system in its
reduced form and extract structural parameters from these cstimates. Apart from the possibility of
cncountering identification difficultics (i.e., the inability to derive unique structural parameters from the
reduced-form parameters), this approach also suffers from the general criticism of CLR modelling
expressed earlier. An alternative solution would be to cxpress the system of cquations as a VAR or adopt
an approach cimilar to the LSE methodology. Given that the extension to the theorctical model in this

thesis includes prices of competing automobiles as regressors, it is fitting to estimatc the model using

* Exceptions are the highly restrictive recursive systems (scc Kennedy [1992, p.164)).
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different methodologics: one under the assumption that competing prices are exogenous, and another under

the assumption that they arc endogenous.

Secondly, different mecthodologics arc chosen to determine whether one cconometric modclling
technique cncompasses the other(s). The proposition is analogous to the concept of modcl-nesting. If, for
example, the cxtension to the model assumes the presence of contemporancously endogenous regressors
and a gencral-to-specific LSE or VAR approach climinates all these endogenous regressors, the accepted
model contains cxogenous regressors only. As a result, LSE/VAR modclling strategics confirm the
cconometric specification of CLR modecls (i.e., CLRs encompass LSEs/VARs). Conversely, an initial CLR
model specification which results in poor diagnostic tests requires a respecification of both the theoretical
and empirical modcl. If the solution is to include additional variables, an altcrnate method of estimation
is cssential if the new variables in question arc endogenous.

Finally, by sclecting diffcrent approachces, onc can compare one's results with a greater collection of
previous work in cxchange rate pass-through. In some cascs, diffcrent methodologies may produce
identical results. It is possible for certain parameters cstimates to be robust across different specifications;
in spitc of scparatc philosophical foundations. However, it can also be the case that different
mcthodologics produce quitc different results. In such cases, the question is whether relative results
remain valid. For example, suppose pass-through for Japancse exports of large automobiles to Canada
is cstimated to be 60% under a CLR-type model but only 25% under a LSE model. Even if the nominal
figures arc (statistically) significantly different, the question to ask is whether both methodologies indicate
that Japancsc cxporters are relatively more reluctant to pass-through changes in exchange rates than their
competitors. In this sensc, the usc of different methodologics can help to corroborate certain conceptions
about exchange rate pass-through bchaviour even though individual parameter estimates differ.

This chapter is organized as follows. The next section (4.2) reviews the estimation techniques
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applied in the thesis. Following the classification in Phillips and Lorctan [1991, p.415]. the first part
reviews the varcstricted regressions approach (CLR) using Recursive Least Squares (RLS) and R™-order
Autorcgressive Least Squares (RALS).® The sccond part reviews the cstimation procedure for unit root
regressions. The last part examines the techniques of the Engle-Granger representation and the Johansen

procedure under the general heading of restricted regressions. The final section (4.3) outlines static and

dynamic forccasting procedures.

4.2 Estimation Techniques
L Unrestricted Regressions

The first modelling procedure starts from the premise that nonc of the basic assumptions governing

the CLR model is violated. As a result, for a lincar regression model of the form:

@) y=XB+p,  Eppl=ol,

then the Gauss-Markov Theorem (Davidson and MacKinnon [1993, p.159]) states that:

The OLS estimator P m (X'X)*X'y of the parameters of B of the lincar regression
model is the best lincar unbiased estimate or BLUE for short. This means that if V()
is the covariance of B under a DGP belonging to the model (4.1), and V(ﬁ) is the
covariance matrix of any other unbiased estimator B, lincar in the vector y, then vif) -
V(P) is a positive semidefinite matrix.

Following the theorctical implications of the dynamic optimization problem, the model is initially

estimated as:

¢ Phillips and Lorctan [1991, p.415] definc "unrestricted” regressions as thosc which are not restricted by the
imposition of unit roots. Similarly, "restricted” regressions are restricted by the imposition of unit roots.
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(4.2) P = BG + p"pu_l + B:‘[T‘ + €,
i

where B, = clasticity of the impont pricc (in Cdn. $) with respect to the last periods price, and

By = clasticity of the import price (in Cdn. $) with respect to marginal cost (in Cdn. $).”

Apart from providing the price clasticity of margiral cost, B, also captures the pass-through (PT) effect.
Note, however, the theoretical impositic.: of symmetry between the exchange rate and the marginal cost
in forcign currency, In cffect, this implics that the pricing behaviour of an exporter will be identical
regardless of where he facces, say, a 5% increase in marginal costs (expressed in source-country currency)
or a 5% cxchange ratc appreciation. Since all variables are expressed in log form, this restriction is tested

by scparating the two variables:

3 Py = Bo * Bupyy * BuCy wt Buty * €

and applying a Wald test (£, + B, = 0).
'Equations (4.2) and (4.3) arc cstimated using a variation of OLS called recursive least squares (RLS).?

To illustrate the concept of recursive estimation, suppose onc examincs the case of a single equation:

" In all equations, the i subscript refers to the i® country. Given data restrictions on individual finms, one
assumes that there is one firm per country. Each country has three potential regressions depending on data
availability; subcompacts, compact/mid-size and large automobiles. The subscript denoting this specific category
is deliberately omitted to avoid cluttering the notation,

* Initial estimations were run on Doomik and Hendry's PC-GIVE (Version 7) cconometric software package.
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(1.4) ¥ = ﬁ'x‘ + By

where £ is assumed constant and g, represents white noise. I onc scleets a sub-sample t from the

complete sample period (1...T). the least squares estimate for the parameters is:

“5) Bo= (XX)'XY5 X =max). ¥=(.0)

Increasing the sample size by an additional observation requires the calculation of new matrices:

XeuX,., = XX, + FearFrsl »
(4.6) . .
XerXou = XX + 20 -

However, the calculation of £,, docs not require the inversion of the (X../X,,) matrix. Instcad:

.7 (X:"lxzol)-l = (X: x:)-l - _{'}‘_LAL ’

(1 + l;oxxm)

where 4, = (XX)'x,,,. As a result, scquential cstimates of ., parameters requires only a minimal
increment in computational complexity. Similarly, an updating formula for the residual sum of squares

(RSS) is calculated as:

vy,
@.3) RSS,,, = RSS, + —=1
(1 + A‘:olxtd)
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where v, = p, - x,'[‘i,,,. Following the calculations of RSS.,.,, on¢ can denve the standard crror of the

cstimate and the standard crrors of all paramecters:

4.9) -

Combining scquences of RSS, and associated scquences of B. one can calculate Chow [1960] tests for
paramcter constancy cvaluation. Part of the appeal of PC-GIVE lics in its recursive procedures as a
means to accept/reject the Lucas critique (Lucas [1976]), since the resulting statistics cnable the rescarcher
to investigate issucs of paramcter constancy and super exogeneity (Favero and Hendry [1992]).°

In an cffort to reveal other potential cconometric problems, the following sct of diagnostic tests are

conducted:

(i) Hansen test - bascd on Hansen [1992]), a parameter instability statistic is computed for
all B's and 6°. Non-constant parameters (* or **) reveal weak models;

(i) LM [(K:(r)] - Lagrangian Multiplier test for r® order residual correlation under H,:
no autocorrclation:

(tii) ARCH [(J'C:(r)] - AutoRegressive Conditional Hetcroscedasticity test is essentially an
LM test for autocorrclated squared residuals;

(iv) Bera-Jarque [(x:(r)l - based on Jarque and Bera [1980], a statistic is constructed to determine

whether or not the distribution of the residual is normal. This joint test
verifics that the skewness (3™ "moment™) and the excess kurtosis (4%
"moment™) are zcro; hence the null is a normal distribution;

* PC-GIVE provides a visual representation of parameter constancy by graphing the scquences of B, (£2*s.¢.),
RSS,, v, (£2*s.c.), and scaled (5% critical values) Chow tests.
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{v) White test - based on White [1980]. this is a test for heteroscedasticity. The null
is homosccdasticity against an alternative which specifies a varance
dependent upon the original regressors as well as their squared values;

(vi}- Wald test - a test for symmetry between the exchange rate and the marginal cost
cxpressed in forcign curreney:

(vii) RESET test - bascd on Ramscy [1969]. this is a test for model misspecification. The
mull is correct specification against an alternative that powers of the
dependent variable (i.c., p},p)....) have been omittud.

In the cvent that these tests reveal serious autocorrelation problems, the equation is re-cstimated using a

technique called r™-order autorcgressive least squarcs (RALS). RALS is a technique which assumes that

autocorrclated residuals are the result of an autoregressive crror process which, in turn, arises whenever

a dynamic process has common factors in its lag polynomials (COMFAC models). Doomik and Hendry

(1994, p.217) argue that:

Perhaps the greatest non sequitur in the history of cconometrics is the assumption that
autocorrelated residuals entail autorcgressive crrors as is entailed in ‘correcting serial
correlation using Cochrane-Orcutt’, Dozens of misspecifications in time series data will
induce residual autocorrelation without corresponding to common factors in the lag
polynomials of the underlying general model (cmphasis in original).

To illustratc Doomik and Hendry's [1994] point, supposc we have the following simple first-order

polynomial lag:

(4.10) Y =&Yy * Box: + le_l * By

where g, is white noise. This cquation can be rewritten as:
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4.11) Q- ealy,= [50[1 + %L]x, + B,
0

If the roots are cqual at this lag length (i.e, 1) such that:

(1.12) € = —— or Boml * BI =0,

they will cancel cach other and equation (4.11) becomes:

4.13) Yo = B, + i

Replacing @, with the more traditional notation of p, we have:

(4.19) Ye=Box *e&;5 € =pe, +p,.

Doomik and Hendry [1994] arguc that estimations of cquation (4.14) which produce tests showing that
P # 0 docs not prove that there are valid common factor restrictions. In fact, they claim that the order
of testing shﬁuld be to investigate the validity of common factors first followed by a test of the null
hypothesis, H,: p = 0. Otherwisc, if no common factors arc found, and p # 0, the model is misspecified

and a Cochranc-Orcutt correction of the model is not a legitimate procedure.
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In terms of the methodology. RALS minimizes:

T
(4.15) 3 u; = f(Bp) -

™=l

This lcads to a non-lincar lcast squarcs problem which necessitates an itcrative solution.  Although the
default for the autocorrclation order is “data-frequency + 1" (e.g.. 5. for quarterly data). users can sct the
order and specify the maximum number of itcrations, convergence tolerance, and whether to minimize
J(B.p) scquentially 5vcr the order or with respect to the highest order.

The cxtension to the original model accounts for possible strategic price intcraction between

competitors. Accordingly, theorctical implications of the dynamic optimization problem requires

cstimation in the form:

C
(4.16) Py ™ Yo ¥ YuPya * Ym(%] + 'YleZIE B + 'ruJZ; BiPp1 *+ By -
l‘ - -

Following the identical format for the initial model, cquation (4.16) is estimated using RLS. If cquations
exhibit autocorrelation, they arc tested for common factors and re-cstimated using the RALS procedure.
Once again, the theoretical imposition of symmetry between the exchange ratc and the marginal cost

cxpressed in forcign currency is tested by scparating the two variables:

@17 Py = Ya * YuPur * YuCq + Yyl * Y«Jz; PPy * ?SIJZ; BiPpa + Wy
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and applying a Wald test (p, + 7, = ).

Il Stationarity, Unit Roots, and Cointegration

Until recently, traditional cconomectric analysis assumed that variables of interest were stationary.'®
If not, siationarity was assumcd to be the result of a deterministic trend and removal of this trend would
render the process stationary.  However. with the seminal paper by Nelson and Plosser [1982), and

supported by Perron [1988, p.325]:

It appears, indeed, that the nonstationarity of most macroeconomic variables is best construed as

stochastic rather than deterministic.
As a result, Student-t statistics no longer display asymptotically normal distributions (Stock and Watson
[1988]). and statistical inferences arising from regressions containing stationary variables are misicading. !
To avoid this problem, time scrics analysis now incorporates wnit root procedures to determine the
presence of stationarity by examining the data gencrating processes (DGP's) for cach variable. If the
levels arc not stationary, additional unit root tests arc cmployed to determine the cxact order of
integration: a nonstationary time scrics is considered to be integrated of the order d, or I(d), if differcncing
the serics d times is suflicicnt to transform it into a stationary serics.

The original unit root tests proposed by Dickey and Fuller [1979] (DF) consist of estimating the

following regression:

'® Strictly swationary processes have properties (i.e., all"moments™) which are invariant to a change in the time
origin; the conditional and joint probability density distributions at times t, t,....1, are identical for times 4, b bpe
Weakly sttionary processes, on the other hand, only assume that the first two moments (mean, variance) remain
constant and covariances depend only on the time difference k. See Harvey [1991, Chapter 1] and Mills {1991,

p.64-65] for more details.

" Granger und Newbold [1974] and Granger 1986} document the ambiguous statistical propertics of regressions
conlaining nonstationary time series data,
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(4.18) Ay‘ = éyhl + er .

where g is white noise, and testing the null hypothesis H,: & = ¢, agawst the altemate, H,: & < 0.
Rejection of the null hypothesis of a unit root implics that p, is intcgrated of order zero (1(0)}. 1t the nuil
hypothesis is true, it is clear that onc is regressing a nonstationary variable (v, is I{1)) onto a stationary
variable (4y, is [(0)) such that the Student-t statistic docs not have its asvmptotic normal distribution. This
distribution is not known with certainty and a number of authors (Fuller [1976]. Guilkey and Schmidt
1989]. and Davidson and MacKinnon [1993]) present Monte-Carlo simulated results of their rand or
statistics.”® In addition, these statistics will vary depending on the specification of cquation (4.18): the
presence of a deterministic trend and/or time trend will gencrate different values for zand 2.

If, however, the null hypothesis is not rejected. it may be the casc that y, is integrated of a higher

order or perhaps it is not integrated at all. Therefore, to explore the possibility that y, is 1(1), onc simply

takes the first difference of (4.18):

(4.19) AAy, =84y, + ¢,

and tests for the null hypothesis that unit roots exist. If the null hypothesis ts now rcjected. the
differenced time series 4y, is I(0) indicating that the variable in its level form, y,, is I(1). Higher orders
of integration can be tested in a similar fashion,

One of the criticisms of the DF tests is that it docs not address the issuc of potential problems

associated with serial correlation. If & is not whilc noise, regressors will be corrclated with the crror

12 The 7 statistics are derived from a test which is computed in the sume manner as the regular t statistic for
&= 0 whereas the £ statistic comes from & test which is computed using the estimated purameter &
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terms (E(p,,5) = 0) such that OLS is no longer BLUE. Dickey and Fuller's [1981] solution to this
problem is to include lagged values of the lefi-hand side variable as a proxy of autocorrclation. The

cnsuing Augmented Dickey-Fuller (ADF) specification of cquation (4.18) is:

k
(4.20) Ay, =6y, + 2 8,4y, + €.
i=l

The choice of lag valucs (k) for 4y,, depends upon two criteria, It should be sufficiently small, in order
to maximiz¢ the degrees of freedom, yet it should be large enough to casure that the crror term & is white
noise,

However, given the fact that any additional regressors will, by definition, reduce the degrees of
freedom, the ADF approach 1o unit roots will have a reduced "power of the test™."® Perron [1988] and
Phillips [1987] (PP) suggest a non-parametric adjustment of the DF test statistic. Perron [1988] argucs
that the asymptotic (as well as finitc sample) distribution of the test statistic(s) depends upon the

correlation pattern of the residuals. In particular, the distributions depend on the ratio of &’/a7. , where:

™ The "power of the test" is defined to be the probability of sor making a Type II error or the probability of
rejecting a false (null) hypothesis. Therefore, a low power of the test implies a high probability of accepting 2 false
hypothesis. In the casc of unit root tests, the null hypothesis is H,: a unit root exists.
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(#.21)

If the crrors arc such that o° = &, , the asymptotic distributions of the test statistics are invariant to the
structurc of the innovations. Pcrron [1988, p.307] shows that this condition will hold if the crrors arc
indcpendently, identically, distributed (6,6°) or if they are martingale differences (with minor conditions)
and states that:

...the purpose of the transformation is to obtain a lest statistic whose limiting distribution

is independent of the nuisance parameters 6; and &. In effect, the proposed slatistics

change the original regression statistics by using sample information on the values of &f
and & to account for additional correlation in the innovations.

In order to derive a consistent cstimator of o° and o, , Perron adopts the Newey and West {1987)

estimator:
T ! T
4.22) Y& Yalh Y ee,
az = 1=l +2 3wl tejel
T T
where
4.23) o) =1 - S
[+1
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represents a lagged weighting scheme of the corrclation pattern of the residuals.

In shont, modification of the test statistic accomplishes three objectives. It removes the effect of
autocorrelation on the asymptotic distribution, it retains the original level of degrees of frecdom and it has
the identical asymptotic critical values as thosc tabulated in the DF approach. As a comparison between

the ADF versus the PP approach, Perman {1991,p.10] discusses the relevance of cach test:

Where uncertainty exists regarding the dynamic structure of the time series in question,

and where the random component may be non-white noisc in quite general ways, the

Phillips and Perron tests can be superior. In particular, the power of DF/ADF tests is

likely to be low for scries where moving-average terms are present or where the

disturbances are heterogencously distributed; the non-parametric adjustments are likely

to raise the power of the tests in these circumstances.
The literaturc on unit root tests continucs to develop; in part duc to the importance of nonstationary
problems in applied cconometrics and in part duc to the conviction that current unit root tests still have
low power. For the purpose of this thesis, only ADF and PP unit tests arc performed.

Generally speaking, if rwo variabies, X, and ¥, arc both 1(d), a lincar combination of the two creates

a third variable, Z,, which is also I(d). Similarly, lincar combinations of two variables with different
orders of integration produce a third variable which is integrated to the higher order of the two variables;
the variance of the higher order dominates. However, there are cases where linear combinations of two

I(d) variables result in an 1(0) variable. If such cases cxist, the variables in question arc said to be

cointegrated." In this simplc cxample, if X, and Y, arc both I(1), such that:

(4249) Z=7,-ax

" For a technical approach to cointegration and the econometric analysis of nonstationary data, see Banerjec
eral [1993]. For basic surveys of cointegration, unit roots and dynamic models, see Dickey er af [1991], Dolado
et al [1990], Holden and Thompson [1992], and Muscatelli and Hurn {1992).
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and Z, is 1(0). X, and Y. arc cointegrated with [1.-A] representing the “cointegrating vector™.!*  Formally,

we can introduce the concept from Engle and Granger [1987. p.253):

Definition: The components of the vector X, arc said to be co-integrated of order d.b

denoted x, ~ CI(d,b). if (i) all components of x, are I(d): (i) there exists u vector oy=0)

5o that z, = &' x, ~ 1(d-b), b>0. The vector « is called the cointegrating vector. (italics

in original)
In the casc of cquation (4.24). x, = {Y, X, } ~ CI(1.]) and the cointegrating vector a is cqual to [1,-4).
In the two-variable case, Holden and Thompson [1992, pp.7-8] show that if onc variable is normalised
to 1 (e.g.. Y,), then 4 is a unique cocfficient, in the sensc that no other value will give a Z, scries which
is 1(0).

Cointcgration analysis addresses onc of the central objectives of this thesis: linking theoretical models
with an appropriate cmpirical specification. The appeal of a cointcgration approach lies in two propertics
which suggest that the functional form of a model is an important considcration and ought to be chosen
with carc. The first property relates to the usage of vanables in their level form as opposed to their
logarithmic values. If variables are cointegrated in levels, their logarithmic transformations will also be
cointegrated. Howcever, the converse is not necessarily truc; the fact that variables display cointegration
in log form docs not imply cointcgration in Ievels. Therefore, specific functional forms are implied if onc
finds cointegration in logarithms but not in levels (e.g., under this criteria, only constant-clasticity demand
curves arc permissible). Secondly, since the value of Z, in cquation (4.24), with its constant mcan and
variance, is oftcn interpreted as the error term of a regression between Y, and X, , it implics that the two
variables will never drift far apart. Intuitively, equation (4.24) represents the long-run equilibrium

relationship between ¥, and X, . Consequently, over time, the valucs of ¥, will converge o AX, or,

alternatively, the values of X, will converge to A'Y,. Onc can (statistically) determine the direction of

¥ Onc could also include a constant term in cquation (4.24) to allow for the possibility of Z, having a non-zcro
mean, The cointegrating vector would remain as [1,-A).
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causality between the two variables by cxamining the results of Granger-causality tests (Granger [1969].
Sargent [1976:1979]) or Sims-GMD-causality tests (Sims [1972], Geweke, Meese, and Dent [1983]).
Aliernatively, one can simply assumc the direction of causality based on a priori assumptions.

Tests for cointegration (Cl(d,b) where b=d) between vanables is analogous to tests for unit roots.

Using the estimated residuals (2,) from cquation (4.24), the ADF cquation becomes: -

k
4.25) AZ, =82, +Y 8,42  +¢,.
{e]

In addition, the ADF test statistics for equation (4.25) can be transformed by the Phillips-Perron
modification procedure to remove any cffect that autocorrelation may have on the asymptotic distribution
of thesc test statistics. Using the SHAZAM (v.7) COINT procedure, cointegration tests (ADF and PP)

arc estimated for Z, 's derived from the original model;

. c’
4 - n il
I

z‘u = pk = loc; + lle‘: .

(4.26)

Similarly,'éointcgration tests arc estimated for Z, 's derived from the extension to the original model:
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I

C.
= Pe - J‘o[Tq] MY Bt MY BiPy s
i Jui J=i

(4.27)

Zy = Py - ACq + Mgy + MJX} B;py + J'af‘:; BiPy.y -

Each of the cointcgrated rcgressions accepted by the SHAZAM procedure is estimated by OLS. Stock
[1987} demonstrates how the OLS cstimator of the cointegrating parameters is "superconsistent”,
converging to the truc parameter at a much faster rate (i.e., proportional to T rather than proportional to
VT ). Subscquently, for cach cointcgrating regression, a model is constructed and cstimated using the

Engle-Granger approach and the Johansen procedure.

I Restricted Regressions (Imposition of Unit Roots)
(i) Engle-Granger Represeniation

Cointegration offers onc solution to the problem of nonstationarity, However, the static nature of
long-run equilibrium rclationships, generated by cointcgration analysis, precludes any dynamic interaction
between variables in the short run. In particular, the relationship offers no cxplanation as to how the
variables return to cquilibrivm for any given shock to the system. This inability to capturc transitional
movements suggests that cointegrated relationships, by themselves, have limited value.

Differencing variablcs offers another solution to the problem of nonstationarity. Autorcgressive
integrated moving average (ARIMA) modcls, for cxample, can be quite flexible in their dynamic

specification. However, modcls which incorporate only differenced variables ignore the role of long-term

' Superconsistency arises because the denominator of the bias portion of the OLS estimate, (X'X)", incrcases
faster then usual (T — ¢0) since the X data do not fluctuate around a constant level. As the denominutor becomes

relatively larger than the numerator, the bizs portion of the estimate disappears quicker than the usual least square
cstimate under BLUE assumptions.
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cquilibrium rclationships. Any advantage which these models may have over traditional CLR models in
forecasting proficicncy is offsct by the inability to explain ¢cconomic relationships.

It would scem rcasonable, therefore, to derive a modelling technique which not only takes advantage
of the propertics associated with cointegrated variables but is also able to account for dvnamic interaction.
This is precisely what Engle and Granger [1987] accomplish in their seminal paper. They argue that if
Y, and X, arc I(1) and cointegrated CI (1,1), there exists an error correction model (ECM) representation

of the variables in the form:"”
(4.28) AY, = By + 512:-1 + 3 PuAX, + E By AY,, + €,
1 1

where Z,, = residuals from the cointegrating regression in cquation (4.24), and
& -~ iid (0,69

The variable Z,_, represents the degree of discquilibrium between ¥, and X, in the previous period.
Therefore, changes in ¥, not only depend on changes in X, but also on the degree of discquilibrium
between ¥, and X,. Clearly. the appeal of an ECM approach is that it is able to account for the dynamics
of the system, yet incorporatc cquilibrium relationships which arc guided by | economic theory.
Economctrically, the main advantage of an ECM specification, other than the "superconsistency” of the
cstimalcs,lis that all of the regressors arc, by definition, stationary. Moreover, they are not likely to be

corrclated with cach other or with the error term.

Following the two-stcp procedure suggested by Engle and Granger [1987], all potential cointegrating

rclniionships are first cstimated. For the case of the original model, where p,, (C/e), C, , and e, are all

" Engle and Granger [1987] show that an isomorphism exists between ECM's and cointegrated variables: if
Y, and X, arc both [(1) and cointegrated, there exists and ECM representation and conversely, ECM's generate
cointegrated scrics, )
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I(1). CI (1.1) regressions similar to cquations (4.26) and (4.27)) arc estimated and the residuals tested for
stationarity. Oncc cointegrating regressions are cstablished, ECM's in the form of cquation (4.28) arc
cstimated. The actual regressors as well as their lag lengths arc determined by the theoretical model in

chapter 3. As a result, the ECM's estimated for the original model, as specificd in cquation (3.70), arc:

Ap, = Yo4

&] +Ylpu-x-lo£ *&;
LI P € lip1 ‘

(4.29)

Ap, = TOAC;,,, + y,Ae, + Yz(Pn-I - loch_l

= l:‘u-l) T &
where g is assumed to be white noise.  Similarly, for the case of the extension to the original model,
where p,, p,, (C/e),, C,, , and e, arc all I(1), CI (1.1) regressions arc estimated and the residuals once

again tested for stationarity. Following the theoretical implications (cquation (3.76)) for the actual

regressors and their lag Iengths, the following ECM's arc estimated:

C; C’
Ap, = YoA[Tq] M Yl[Pu-x = l°[_ei]b = E J‘ljpﬁ-l] t &
@ ir -1 fel

Ap, = YoACq.k * Y46+ 121 ap, + Ys(Pu-: - J‘ocn;,,_l T A, - 1‘\:: Aszp-l] &

Once the sccond stage of the Engle-Granger two-step procedure is complete, onc can usc standard

tests for statistical inference (t-tests) in order to sclect the "best" model.
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{ii) Johansen Procedure

Unfortunately, there are three major concerns with the Engle-Granger two-step procedure, Firstly,
thc omission or inclusion of vanables in the cointegrating regression can seriously alter the cointegration
results.” Frequently, variables which onc would expect to be cointegrated in the long run will only do
so in the presence of an additional variable(s). While this may have the advantage of forcing the
rescarcher to cxaminc all potential structural changes which may have occurred during the time span under
consideration, it can also lcad to scrious data-mining. Rescarchers can simply inscrt/delete dummy
variables or proxy variables until a good fit is found. Correcting the model in such a manner introduces
all the problems associated with specific-to-gencral modelling techniques.

Sccondly, Holden and Thompson [1992] and Charcmza and Deadman [1993], among others, highlight
the problem of urigueness when there are two or more explanatory variables. For example, it may be the
case that scveral cqintcgrating vectors exist between variables, however, the Engle-Granger two-step
procedure only calculates one vector. Since this single cointegrating vector is cffectively a linear
combination of all cointegrating vectors, onc is faced with an identification problem (Holden and
Thompson [1992; p.30]).

The third concern relates to the properties of the OLS cstimator of the cointegrating regressions.
Although thc OLS cstimates in the cointegrating regression arc consistent (asymptotically
"superconsistent”), in small sample sizes, they are not efficicnt. Banerjec ef al. [1986] establish that there
can be significant bias with small sample sizes, particulary when the R* statistic is considerably below the
valuc of one. They suggest minimizing the bias by cstimating equation (4.28) in one step. This would
involve substituting the Z's with Y, and X, , estimating the equation, and finally testing the stationarity

of the residuals, Alternatively, Engle and Yoo [1987] suggest reducing this bias by cxtending the Engle-

" For example, Muscatelli and Papi [1290] find a valid cointegrating vector of money, prices, incomes, and
interest rates only when a proxy for financial innovations during the 1970s and 1980s is introduced.
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Granger two-step procedure into a three-step procedure. This third step consists of regressing the residuals
from the ECM onto lagged valuces of the original (independent) cointegrating variables and correcting the
original long-run cstimates by a fraction of the third-step estimates. This method reduces the bias,
produces standard crrors of the cstimates which arc asyvmptotically normal, and is the asymptotic
cquivalent to maximum likclihood cstimation.

The Johansen procedurc addresses the issucs raised with respect to the Engle-Granger two-step
procedure.”®  Firstly, it is based upon a vector autoregressive (VAR) representation. By definition, this
"athcoretical” approach includes variables inferred from theorctical assumptions, dummy variables as well
as proxXy variables. [r short, any vaniable which may be remotely connccted to the cconomic relationship
under investigation is introduced into the system of cquations. Sccondly, the procedure is capable of
identifying and calculating the maximum possible cointcgrating regressions through the use of canonical
corrclation mcthods and the resulting cigenvalucs and cigenvectors revealed by the matrix of corrclation
cocflicicnts. Therefore, the problem of uniquencss encountered in the Engle-Granger two-step procedure
is eliminated. Finally, the Johansen procedure uses the maximum likelihood cstmator (MLE). Onc of
the advantzges of the MLE technique is that it has many desirable asymptotic propertics (unbiased,
consistent, cfficient, and distributed normally) which are particularly appealing for situations w!;cm only
a small sample size exits.

To understand the Johansen procedure, consider first a typical unrestricted VAR in the form:

(#31) Y, = LAY,

T ?

" See Johansen [1988;1991] and Johansen and Juselius [1990;1992]. For a thorough review of estimation and
hypothesis testing of cointegrated serics with the Johansen procedure, sce Dickey and Rossana [1994],
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where Y, is a vector of q variables (both cndogenous and cxogenous). & is assumed to be
contemporancously corrclated but not autocorrclated, and cach of the vectors A, does not have any zcro
clements, By adding ¥, Y,....Y,, and A,Y,.. A.Y .. A,,Y,, 1o both sides of cquation (4.31), we

derive a cointegrating transformation of the type:

k-1
(.32) AY, = 3 TAY, +0Y,, + €,
=1

where [i=-T+A, +.. +4;
I = unit matrix;
I=-{T-A,-~...-A).

Equation (4.32) is in essence an crror-correction model with matrix /7 capturing the long-run
cquilibrium relationships. For q variables in the vector ¥, , the dimension of /7is q x q. Johansen

[1988;1991] concentrates on the rank of /T and considers three possibilities:

{1) Rank (/D) =0; This can only occur if /7is 2 null matrix. Equation (4.32) becomes a VAR in
first differences only and there is no cointegration.

(2) Rank (/D =q; In the case of a full rank, the vector process Y, is stationary, such that all
variables are [(0) and the correct model should be estimated in levels rather than
differences. Note that it would also contradict any assumption that each of the
variables is I(1).

(3) Rank (/D =r. Under the assumption that 0 < r < q, there will be r cointegrating vectors. In this
general case, J7 can be represented as:
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(4.33) T = upl .

where @ and £ are two q X r matrices,

Matrix B is called the cointegrating matrix, as #Y, is 1(0) while matrix a is called the adjustment or
fecdback matrix since it calculates the speed at which a variable returns to its long-run valuc following
a disturbance to the system. Since the values of @ and £ cannot be estimated dircctly without imposing

arbitrary constraints, Johanscn [1988;1991] suggests cstimating the space spanned by @ and f using the

following step-by-step procedure:™

(1) Sclect an autoregressive order & for the model.

(2) Rcgress AY, on the lagged differences 4Y,, , 4Y,. . ..., 4Y,,., . Construct a vector of residuals and
denote by R, .

(3) Regress Y, on the lagged differences 4Y,, , 4Y ., ..., AY,,,, . Construct a vector of residuals and
denote by R,, .

(4) Compute the "squared canonical correlations” [i.e., cigenvalucs] between the residuals (R, and R,)

® Determining the space spanned by @ and /' is important since the product, @f, can be the result of many
different matrices. For example, for any nonsingular r x r matrix, H, (aH)(HS = af.
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and denotc as @ > @2 > & > @ .

(5) For cach cigenvaluc @] , calculate the following trace test statistic:

(.34  Trace Test = -Ti In(1 - gf) .

fur+l

Under the null hypothesis that there arc at most r cointegrating vectors, (Hy: r € 1. Hi: r > 1) the
LR statistic is a function of {q-r} vcctor Brownian motion. Starting from r = 0, if the null is

rcjected, one examines sequentially the possibility thatr <1, r<2, ..., r<q.

(6) Once the number of cointegrating vectors (r) is confirmed, the first r cigenvectors associated with

the @}, ... @ arc the cointegrating vectors, B.

Empirical implementation of thce Johanscn procedurc is performed using the PC-FIML (Full
Information Maximum Likclihood) portion of Doomik and Hendry's [1994] PC-GIVE version 8.0
cconometric software package. In addition to the trace test, the program also calculates the maximum

eigenvalue statistic:

¥ The squared canonical correlations (@) are the solutions to the deteminantal equation:

| @7 Sy -~ SipSe0 S| =0,

where

T
> &8
Sh = 3—-5:-- H éi = (Lk.
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(4.33) Maximum eigenvalue = -T ln(l - gf,,) .

Similar to the trace test., the distribution of the maximum cigenvalue test statistic is also a function of
vector Brownian motion. However, the null hypothesis is Hy: v = 1, and is compared with the altemate
hypothesis Hi:r=r, + 1%

The critical values for both the trace test and the maximum cigenvalue test arc those sclected from
Osterwald-Lenum [1992]. PC-FIML also calculates a small-sample "corrected” version of these critical
values as discussed by Reimers [1992] whereby T in cquations (4.34) and (4.35) is replaced by {T - qk}.

The Johansen procedure for cointegration is gencrally preferred to the Engle-Granger procedure since
the power of the test is higher and the statistical propertics of the MLE mcthod arc considered better than
OLS for small sample sizes (Kremers, Ericsson, and Dolado [1992], Reinhart [1995]). However, direct
comparisons between the two should be regarded with caution since they arc based upon two different
mecthodologies. In particular, the Engle-Granger two-step procedure assumes, a priori, the endogenous-
exogenous naturc of the variables whilc the Johansen procedure starts from the typical VAR model
assumption that there are no cxogenous variables. Charemza and Deadman [1993, pp.201-202] present
the theory that the Johansen procedure may, under certain conditions, confirm the validity of the Engle-
Granger two-step estimation mcthodeology:

Suppose for instance that the Johansen procedure indicates the existence of only one
cointegrating vector. If the estimated cointegrating coefficients have, after normalization,
economically sensible signs and are roughly similar in size to those estimated by the
Engle-Granger method, this could be regarded as some confirmation of the singie
equation model to which the Engle-Granger method was applied. If, on the other hand,
the number of cointegrating veetors found by the Johansen procedure is grealer than one,
it is likely that the endo-cxogenous division of variables in this model is imperfect and
that the model under consideration should consist of not one but two or more cquations,

2 Johansen and Juselius [1990] demonstratc that the maximum cignevaluc test has greater power than the trace
test.
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The VAR modclling approach using the Johansen procedure is completed in the following manner.
Following acccptance of a cointegrating rank of r, individual restrictions on & and £ arc imposcd to
derive unique cointegrating regressions. Thesc restrictions are based upon theoretical constraints and are
tested with LR statistics having an asymptotic chi-square distribution. Once thc unique cointegrating
regressions are accepted, the model, cquation (4.32), is “"pared down" in order to find the best

parsimonicus VAR representation,

4.3 Forecasting
Apart from the obvious bencfit of predicting future valucs, forccasting techniques are employed to

test whether a model is misspecified and/or exhibits parameter instability. Models which demonstrate
parameter stability and arc correctly specified over a sample period may not fare as well over a given
forccast interval. This may be due, in part, to certain limitations arising from the choice of sample period.
For example, a model specificd solely on data gathered during an upward portion of a business cycle may
perform poorly during a downward portion. Alternatively, poor forecasting ability, in spite of sample-
period paramcter stability and (apparcntly) correct specification, may be duc to improper cconometric
mcthodology. Applying classical lincar regression analysis with nonstationary data, for example,
frequently produces remarkably high corrclations between actual and the fitted values of dependent
variables. The associated high R* values reflect the nonstationarity and do not, by themselves, indicate
sensiblc models. Doornik and Hendry [1994,pp.48-49] discuss how casily one could accept a model if
nonstaiionarity is ignored:

The obvious features of the graph are the very close fits (owing to the integrated and non-

stationary naturc of the variables and, as before, should not be taken as evidence for the

goodness of the system representation); the close tracking of the apparent change in trend

(aguin, a post-hoc feature which least-squares cssentially ensures will occur irrespective
of its correctness); and the relatively random (white noise) appearance of the residuals in
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the final column. However, we have ignored the I(1) nature of the data in setting implicit
critical values: since these would generally be larger, and no hypothesis yet suggests
rejection, no practical problems result (cmphasis in original).

Based on the above statements, forccasting analysis (and tests) arc particularly appropriate for this
thesis. Firstly, there are a number of cases where the sample size imposes certain limitations. In the
compact/midsize category. inclusion of Korcan data reduccs the data sample from 1980(1) - 1990(4) to
1985(1) - 1990(4). During this latter period. the Canadian dollar depreciated significantly, afier
abnormally high icvels. against other major currencics.  Conscquently, there is a good probability that
any modecl based on this samplc period may not be appropriate for forecasting during periods when the
Canadian dollar is appreciating against these currencics.  Also, in the large automobile catcgory. the
1988(1) structural break -causcd by the reclassification of automobiles - restricts the sample period. It
may be the casc that 2 model bascd on pre-1988(1) data does not accurately describe post-1988(1) data.

Secondly, three different cconometric methodologics are used to estimated exchange rate pass-through
models. Forecasting analysis can be employed to sclect the "best” model/appropriate methodology. Given
that CLR analysis can producc spurious rclationships in the prescnce of nonstationary data, comparisens
arc restricted to models gencrated by the Engle-Granger two-step procedure and the Johamsen/VAR
mcthodology, where all variable are stationary. Recall that onc of the problems associated with the Engle-
Granger two-step procedure is the fact that only one cointegrating regression is specified. If the "truc”
model contains more than onc cointegrating regression, the Johansen procedure will capture this feature,
and, the subscquent VAR cstimation should produce a better model. This hypothesis is tested using
forccasting tests/graphs generated by PC-FIML.

The two traditional forecasting methodologics are "causal” forccasting and time scries forccasting.
Causal forecasting is an extension of CLR cconometric methodology. Once parameters for the causal

relationships arc estimated, it is simply a matter of entering values from the independent variables and
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calculating the cffect on the dependent variable. Duc to specification errors (missing variables, wrong
functional forms) and/or conditional crrors (wrong forccasts for independent variables), these modzls
display poor forccasting accuracy in the short run, forcing cconomectricians to makc continuous
adjustments, The time scrics approach, in the form of ARIMA models, forecasts a variable solcly as a
function of past valucs of the variable itself. Although this method of cxtrapolating forccasts ignores
cconomic relationships, it frequently outperforms their causal forecasting competitors.

There is a general tendency in the literature towards combining different types of forccasts, lincar
or othcrwisc, as a means of producing superior forccasting accuracy (Kennedy [1992; p. 272), Clemens
[1989]). Combining forecasts can temper the effects that outlicrs or extreme shocks to the system may
imposc on any individual forecast methodology. For cxample, the cffects attributed to a once-and-for-all
shock can continue over scvcml time periods if lagged dependent variables (e.g., ARIMA models) arc
included as regressors. The identical shock will be treated differently by causal cconometric models. If
certain shocks influcnce a model but are not specifically incorporated, cconometricians use their
Judgement and expericnce to determine how these shocks will affect forecasts. The appeal of an ECM
mcthodology is that any forecasting analysis implicitly incorporates clements of cach of the two traditional
mecthodologics since ECM's synthesize the CLR and VAR econometric methodologies (i.e., they contain
differenced variables as well as long-run cointegrating relationships).

Although forccasting terminology is relatively constant across the literature, certain issues require
clarification is order to understand the forccasting features of Doomik and Hendry's [1994] PC-FIML
softwarc package. Typically, forecasting known variables is called ex post or static forecasting while
forccasting unknown variables is called ex ante or dynamic forccasting. Doomik and Hendry [1994],
however, define static forecasting as forecasts which usc actual values for any lagged information required
to calculate the forccast, whereas dynamic forecasts use previously calculated forecasts for any lagged

information, if required. To illustrate this point, consider a simple single equation model:
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(4.36) Vo = T T TaYpn * Tk, €,

where variable x, is assumed cxogenous and known over the period t = 1, 2, ... T, T+1, T+2. ... T+H

If the parameters &; arc cstimated over t = 1, 2, ... .T and orc clects to forccast over a 3-vear horizon,

(H=3), the static forccasts arc:™

Yra = T ¥y * Todprg * Ralpg s
Yra = T g * ®lr * Ty2ras

Yra = Ty ¥pa * ®aYrg * ®alpg »

- D 1]

4.37)

and the dynamic foreeasts arc:

Jra T T e * Bo¥rag * Ralrg
(4.38) Vra = ®¥rag * Fo¥r * RayZpa s
Yra = % Y12 * ToYpa * T3lpg -

In addition, PC-FIML also calculates h-step forccasts which can be vicwed as a combination of
Doomik and Hendry's definition of static and dynamic forecasts. For example, let j,,, , denotc the h-step

forecast for period T+i , (izh). Thesc h-step forccasts usc estimated values of lagged variables which

2 In both static and dynamic forccasts, all tests are based on the assumption that paramcter cstimates remain

constant over the forecast period and arc not updated.
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arc less than h periods, and actual valucs, if required, for lagged variables greater and equal to h periods.
In the extreme casc. for example, the 1-step forecasts for cquation (4.36) are identical to cquations (4.37)

or (4.38) depending whether one assumes static or dynamic forecasts. The estimates for 2-step forecasts

are:
Yrag = #i¥rag * Tadr *+ ®aZra s
Yraa = Tpdran T FaYrag Y T3lra s
" (4.39) )

Yruz = Ty¥ragags * Ba¥raas * Rl -

Similarly, the cstimates for the 3-step forccasts are:

Yras = Ti¥rez Y ®aYragg * ®3lra s
Yrasz = ®rap T TaVrar Y %3lra s

(4.40) S . .
Yra3z = %1 Y12 T To¥raay t Ralpy

Therefore, using Doomnik and Hendry's terminology, static forecasts are identified with 1-step forecasis,
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where as dynamic forceasts are identified with 1, 2, 3, ..., H-step forecasts.

tach of the modcls gencrated by the Engle-Granger and Johansen procedurcs is tested for both
paramcter stability and misspecification through a scries of six test statistics associated with the l-step
static forccast.™ Thesc tests are a function of the forecast errors (e,.;) and/or the crror term (v,) associated
with the initial estimation for t = 1, 2, ... .T. In cssence, these test statistics compare variances between
the in-sample period and the forecast period. Varances which are significantly different from the
appropriatc % distribution will rcject parameter stability and/or imply that the model is misspecified.

Using Doomik and Hendry's notation, consider the following system of equations;

(@.41) Y=Hw +v,, 2=12.7T

where, y, = cndogenous variable (nxl),

wl = (vl-:""! }’ r-ulzt-ﬂ'“:t-r L

z, = weakly cxogenous variables (qxl1)

This system of cquations can be written in a more compact form:

@.42) Y= +V
where, ¥/=y,p. .,y (nxT),
Wi=w, Wy, wr (kxT),
H= JI',, 7:_-1 e 3 7::1’ (nxk),
Vi=v, vy, vy (nxT).

% Forecast intervals which are uscd to test misspecification of dynamic models such as ECM's are [requently
culled post-sample prediction tests.
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The multivariate cstimates of the coefficients (/7) and the residual covariance matrix (£2) arc:

o= ww'wy;
$.43 72
(4.43) . V7 .
T-k

The 1-step forecasts for cach period t = T+1, ... . T+H arc given as:

(344) Foop = Twi,,

such that the forccast error for cach period is:

eTtl.l =Xa - ir.u
' ' -
(4.45) = Owry + vpy - Uwy,

= (II - ﬁ)“’;‘f * v,{., .

Assuming that E(f)) = /7, then the expectation of the forecast error E(e,,, ;) = 0 such that the variance of

the error term is;
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Vier)] = E (em‘l):
- £ - Do - (2]
= Qw, (W'Wfwr, + Q
(4.46) = Q(I + w,..,(W’W):w;-.)

Howcver, some of the tests require the total variance matrix of all forccast crrors. Therefore by stacking

the H rows on top of cach other, we derive the total vector of forecast crrors;

@4 e = (T - W)W}~ Vi,

whose variance is cqual to:

(4.48) Viel = Q®I, + Wy(W'W) ' Wg) = ¥ .

Using the above derivations, and under the null hypothesis of parameter constancy, the six tests arc:

"
! Al
§ = E eryfd er,
iel

2 / 1
2 eru¥ ryry

Ty
F]
n

(4.49) T
g, =e'P e
o= @HTE =123
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where é‘ Nf(nH).
1, —~F(nH, T-k),
n = number of cquations 1o be cstimated,

H = number of forccasts.

Rejection of the null hypothesis under & implies that there is a fundamental structural change
between the cestimation period and the forccast period. It is not'an indictment against the model per se,
but it docs imply that forecasts based upon the model arc not reliable. Rcjection of the null hypothesis
under &; and &, however, not only imply parameter instability across the two periods but also model
misspecification (Kivict [1986)). The #, tests are degrees-of-freedom corrections for the & tests and have
better small-sample properties (Doomik and Hendry [1994; p.197)).

Dynamic forccasts/variances can be derived in a similar fashion as cquations (£.41) - (£.43). The
analysis requires the specific lag structure of the cndogenous variables. Using the identical notation,

supposc that the system has only onc lag of the dependent variable:

(+4.49) Ye = F¥eg ¥ T * V-

At time T+h (for h = 1.2,... H), cquation (4.49) can be expressed as:

(+.50) Yrea = Ty Yroper ¥ RaZrog * Vrog -

Substituting backwards, Y., in equation (4.50) can bc replace with:
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Yra = Ty{®1Praz * Falracr * Vraa) T Falra Vra

(.51) X h-1 h-1
= T et 120 "’l“::r.n-j * E ﬁvr.k-j :
- j‘o .

The forccast at time interval h is:

-1
. o =
“+52) Fran = B1Y * 2 "’1"231'.&-; >
J=0

and under the assumption of parameter constancy, the forccast crror is:

eroM = yroh = jT-M

(+4.53) A-1
= E xllvﬁ'k-j L]
1%0

Therefore, the variance of the forccast crror is:

A-1 h-1 ;
Vierma = E g on "‘lvroa-x";-h-ﬂ"z
(4.54) o
- ¥ o=,
=0

where  Efvy] =0 for i, and
Efvy] =2 fori=j.
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PC-FIML calculates the path of forecast values, in addition to forccast crrors and variances. Since
test statistics arc not available for dynamic forecasts, comparisons between forecasting ability of models
generated by the Engle-Granger two-step procedurc and models generated by the Johansen/VAR
methodology are presented graphically. Each graph consists of the actual post-sample value, the forecast

values and ferecast error bars measuring 95% confidence intervals,
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CHAPTER 5

ESTIMATION RESULTS

3.1 Introduction

Estimation results arc presented following the chronological order of the cmpirical methodology
discussed in chapter 4. Apart from providing consistency across chapters, it also reflects a contemporary
approach to sclecting the appropriatc mcthodology. A theorctical model is first cstimated using the
traditional regression technique of ordinary least squarcs (OLS). If problems arsc, they are treated with
the usual remedics; a Cochrane-Orcutt procedure for scrial corclation, gencralized Icast squares (GLS) for
heteroscedasticity, cte. The sccond step consists of applying unit root tests (augmented Dickey-Fuller
(ADF) and Phillips-Perron (PP)) to the data, as a mcans of validating the results derived from the first
step. The problems associated with the statistical propertics of OLS estimators, whenever the data are
nonstationary, arc well documented (Granger [1986), Stock and Watson [1988]). Rescarchers will
frequently interchange the first and sccond step. If, for cxample, unit root tests indicate that the data are
stationary, they will proceed with OLS cstimation. If unit root tests indicate nonstationary data, they may
decide to avoid QLS estimation, given the statistical problems, and procced to ihe next step.  However,
for comparison rcasons, it is alway interesting to sec how OLS estimation fares against other methods of
estimation. The third step, assuming unit root tests reveal nonstationary data, is to derive the level of
integration for all variables. Once the levels of intcgration have been found, the fourth step is to
determine the presence of cointegration amongst variables. In the absence of cointegration, onc must
ensure that estimation involves only stationary transformations of thc data. In the presence of

cointegration, the model is respecified as an error correction mode! (ECM), in order to capture both long-

' For a summary of data sourccs, data problems and remedies, sce Appendix B.
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run relationships and short-run dynamics. In order to derive the cointegrating regressions and estimate
the modcl paramcters, one must decide whether to cmploy an Engle-Granger two-step procedure, or a
Johansen/VAR approach. Since both models arc econometric cmbodiments of different methodologics
on theory appraisal (sce introduction in chapter 4), the decision may be based on one's a prior belicfs.

Oncc again, for comparison purposcs, both methodologics arc cmployed.

All estimation results arc contained in Appendices C through H. Rather than presenting all parameter
estimates and test results, cach section in this chapter has tables highlighting the salient points, with
particular attention on the exchange rate pass-through cocfficients.

This chapter is organized as follows. Section 5.2 contains the results of the original model and
cxtension, using recursive ordinary least squares (RLS) and r*-order auteregressive least squares (RALS),
where applicable, rather than a Cochrane-Orcutt procedure (sce section 4.2 for comparisons). Scction 5.3
discusses the results from the unit root regressions.  Section 5.4 provides cointegrating regressions and
the results of both the Engle-Granger two-step estimation and the Johansen/VAR cstimation using full
information maximum likclihcod (FIML) estimation. Finally, section 5.5 discusses numerical results from
the static forccasts, and compares graphical representations of dynamic forecasts under the Engle-Granger

two-step procedure and the Johansen/VAR approach,

5.2 Unrestricted Regressions
I Original Model

The first sct of results are derived from RLS and RALS estimation procedures on the original model
(cquation (4.2)). All parameter cstimates, standard errors, and statistical tests for the initial regressions

arc presented in Appendix C. The following table summarizes the initial pass-through estimates:
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TABLE 3-1
Pass-Through Cocflicients from Original Model (CLR Estimation)

Pu= By * BiPia +B:(c;fc)u + g

Japan US. Sweden Germany Korca
Subcompacts 13% 64% N/A 45% 17%
Mid-sizc 7%! 65% 10% 8% -14%
Large 25% 28% N/A 29% N/A

T RAL cstimation,  N/A = Not Applicable

As a "first pass” at estimating pass-through cocfficients, TA BLE -1 duplicates previous rescarch on the
pricing behaviour of cxporters (Gagnon and Knetter [1995], Hooper and Mann [1989]. Knctter [1989].
Marston [1990], and Shinjo [1993]). For examplc, the U.S. has a significantly higher cocfficient for both
subcompact and compact/mid-sizc autos, and is virtually ticd with Japan and Germany for the highest in
the large automobile scgment, This supports the cvidence that U.S. exporters do not gencrally price to
the market, but rather retain the price in U.S. dollars.® On the other hand., Japancse automobile exporters
typically have the lowest pass-through in cach scgment of the automobile market: supporting the position
that they absorb exchange rate fluctuations in their profit margins. The reluctance to pass-through
currency appreciations is also cvident from the behaviour of the West German cxporters, although to not
as significant a degree as their Japancse counterparts.

Similar to Gagnorn and Knetter [1995], onc can also intcrpret the variation in pass-through

? One can argue that the "Big Three” U.S. automobile exporters (General Motors, Ford, and Chrysler) cun afford
1o retain their price in U.S. dollars given the preferential treatment in accordance with the 1965 United States-Canada
Automotive Products Trade Agreement (the Auto Pact), One of the provisions of the Auto Pact cnsures a didy-free
exchange of vehicles provided certain Canadian production quotas on behall of the Big Three's Cunadiun subsidisries
are satisfied (Acheson [1989], Dunn [1987], Holmes [1992], Kecly [1983]). As a result, U.S. exporters arc currently
enjoying a 9.2% Frec on Board (F.O.B.) advantage over those countrics who face the most favoured nation tariff
(Japan, Germany, and Sweden) and a 6% F.O.B. advantage over countries who pay the gencral preferential wriff
rate (South Korea). Consequently, full pass-through of Canadian dollar depreciations (up to ~10%) ceferis paribus,
will not necessarily jeopardize U.S. exporters’ Canadian market shares. Over the U.S. sample peried, the most
favourcd nation (MFN) tariff has declined graduslly from a high of 12.8% whercas the general preferential (GP)
tariff paid by South Korca was only imposed in 1987 after three years of duty-free status as a "developing nation”.
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cocflicients as an indication of the relative competitiveness in cach segment of the auto market. The
lower the average value, the morc competitive the market structure. In order of decreasing
compctitiveness we have: compacts/mid-size, large, and subcompacts. Surprisingly, the subcompact
market appears the least compcetitive of the three scgments.  This is in part duc to the relatively high
German pass-through. The German exception can be attributed to the fact that it has its own niche or
reputation, with consumers more willing to accept higher prices before considering an altemative import.
However, high German and U.S. cocfficients arc offsct by low pass-throughs from both Asian countrics,
indicating a certain degree of competitivencss among somc members in this segment. In the large
automobilc scgment, there is a remarkably consistent pass-through of 25% - 30% by cach of the
participants. Given the higher profits per unit on larger automobiles, it is unlikely that firms would be
willing to lose market sharc to competitors; hence the similar pricing behaviour. Finally, the negative
pass-through cocfficient for the South Korcan imports indicating prima facie a tenuous relationship. Yet,
it confirms anccdotal evidence suggesting that Hyundai was dumping their automobiles on the Canadian

market during thc mid-1980's (Brett [1987), Daw [1987], Milner [1987)).

II. Extension to Original Model

The second sct of results are derived from RLS cstimation on the extension to the original model
(cquation (¥.6)). This cxtension tests whether strategic price interaction between competitors is a valid
assumption pertaining to the market structure. This model nests the original specification, in the sense
that if the parameter estimates for competitors’ prices arc not statistically significant, the model reduces
to its original form. All parameter estimates, standard errors and statistical tests arc presented in Appendix

D. The pass-through coefficients are summarized in the following table:

127



TABLE 5-2
Pass-Through Coeflicicnts from Extension (CLR Estimation)
pal= Yo + Ylpu-l +7:(C;IC)“ + E'!’JJP,: + EY-t]p)l-l + 8‘(

Jepan us. Sweden Germany Korea
Subcompacts 46% -62% - 38% 18%
Mid-size 33% 86% 20% 70% ~76%
Large 16% 35% - 42% -

Apart from the large negative pass-through cocfficients for U.S. subcompacts and Korcan mid-size
automobiles, the results reiterate the findings from the initial model. For example, Japanesc pass-through
cocfficicnts arc lower than U.S. and German coefficients in both the mid-size ar.ci l&gc automobile scctor,
while the U.S. and German cocflicicnts arc quite similar in these two catcgorics.  While the relative
comparisons remain truc, a number of the nominal variables differ significantly. This is in part duc to
the fact that the structure of the regressions in Appendix D (T4 BLE 3-2) arc based solely upon a model
gencrated by theorctical foundations. As such they are not the "best” models in terms of their goodness-
of-fit. Many of thc cocfficients are not statistically significant and a general-to-specific modelling
procedure would provide a sound basis to parc down the number of variables. The discrepancy can also
be attributed to the fact that the regression values in TABLE 5-1 and TABLE 5-2 suffer from the
problems associated with non-stationary data, in the sensc that cocfficients of misspecified models arc
generally not robust to modifications, however minor.

Overall, competitors prices arc not statistically significant, suggesting that strategic price interaction
is not prevalent. The only notable exception is in the large automobile category where Japanesc prices

and German prices (with a onc period lag) influence U.S, prices.
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5.3 Unit Root Repressions

When variables cxhibit nonstationary tendencics, statistical inferences are not feasible since the
Student-t statistic no longer displays an asymptotically normal distribution. Therefore, when dealing with
time scrics data, it is incumbent upon the rescarcher to cnsure that any regression analysis is performed
on stationary variables. Each of the variables is subjected to augmented Dickey-Fuller (ADF) and
Phillips-Perron (PP) unit root tests to determine the level of integration. These tests differ slightly from
the cquations in chapter 4, ((4.20)-(4.23)) in the scnse that they include a constant term as well as a time

variable to account for trend-stationarity:®
&
G Ay, =p +Br+ 8y, + E atAy:-f t &
=

where p is a constant cqual to the mean of the process and tis a time trend. These two variables capture
the deterministic portion of a trend while the error term (g) capturcs the stochastic portion. The results

arc reported in Appendix E and indicate that:

(2) we cannot rejcct the hypothesis that all variables (prices, exchange rates and costs) for cach country
arc I(1): .

(b) the PP tests do not reject the I(1) transformations more readily than the ADF tests.

Result (a) implics that we must excrcise caution when using the typical OLS analysis. Stock and

Watson [1988] provide gencral guidelines for regression analysis containing intcgrated regressors. Under

* If a time series has a non-zero drift, then estimation should include both a constant and a time trend (in the
specification of the ADF) since Perron [1988] notes that under such cases, non-inclusion of a trend term will bias
the test in favour on non-rejection of the unit root null hypothesis.
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certain conditions. we can have consistent estimators for the coeflicients of interest, however, they will
not display asvmptotically ‘normal’ distributions. As mentioned, the critical values are not applicable and

statistical inferences arc mislcading. Result (b) reaffirms the concem over the ADF's low ‘power of the

test. Having confimmed the order of intcgration for cach variable, the subsequent step is to sclect the

desired cconomectric mcthodology.

5.4 Restricted Regressions
L Engle-Granger Representation

(i) Original model

The first step in the Engle-Granger two-step procedure is to detcrmine cointegrating relationships
between all variables. Every possible combination of country, automobile type, price, cost (in Canadian
dollars and forcign currency), and exchange rate is estimated using the COINT procedure from SHAZAM
(V.7). Bascd upon the results of the ADF and PP tests on the residuals, cach of the eight accepted
equations arc presented in the following table:

TABLE 5-3

Cointcgrating Regressions

Country Auto Tvpe Variables Trend Test
Japan Mid-size Pu(C/C)a Yes ADF.PP
Japan Mid-size PioCanCit Yes ADF PP
U.Ss. Mid-size Pi(C/e) Yes PP
UsS. Mid-size PiCounCi Both PP
Korea Mid-size PinCoinCic Both ADF PP
Japan Subcompact DiesCrinCi Yes ADF PP

Germany Subcompact Pi(C/e), Yes PP

Germany Subcompact PinCritsCit Both PP
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Each row rcpresents a cointegrating vector with the variables indicated in the third column, The lack
of cointegrating rclationships in the large automobile scctor may be due in part to its relative
compctitiveness. Manufacturers of large automobiles create their particular niches. Through reputation
{and advertising) they are able to retain their clientele ¢ven during periods where markups might fluctuate.
Since "market forces” do not push prices towards a constant markup over costs, unlike other automobile
scctors, strict long-term cointegrating rclationships need not exist,

There are cases where prices are cointegrated individually with exchange rates {c,) and costs
mecasured in foreign currency (C;,). but not with costs expressed in Canadian dollars (C/e),. Adding an
cxtra regressor to the cointegrating regression will not present any difficultics in modelling an ECM;
however, as noted in Chapter 4, with twe (or more) regressors, it is possibic to have morc than one
cointegrating vector. | Unfortunately, onc of the shortcomings of the Engle-Granger two-stage procedurs
is the inability to recognize more than onc cointegrating relationship.

The fourth column shows whether the data gencerating processes of the cointegrating regressions are
trend stationary. Somc tests accept the cointegrating relationships both with and without trends. The final
column demonstrates which test accepts the cointcgrating regressions. In comparison with PP tests, ADF
tests only accept half of the regressions. This result is consistent with previous unit root tests where the
low power of ADF tests Icad to acceptance of false hypotheses (i.e., H,: no cointegration).

Given the cointegrating regressions in Table 5-3, the theorctically derived ECMs (cquations (4.29))
are calculated using full information maximum likelihood (FIML) estimation. The results and associated
tests arc tabulated in Appendix F and the pass-through cocfficients are briefly summarized in the

following two tables.
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TABLE 5-4

Pass-Through Cocflicients from Original Model (Engle-Granger)
ap, = yoA(C;/e)n *+ YJ@M = A‘U(C;"‘e)w-ll * &

Japean Germany us.

Subcompact

Yo - 35% -

K, - 87% -
Mid-size

Yo 17% 75%

Ko 21% 124%

TABLE 5-5

Pass-Through CocfTicients from Original Model (Engle-Granger.cost clasticity)
Apu = }',,A(C;),, + YIA(e)nr + y:'&’n-: = xa(c;’u-r = x:(e)u-lj + ef

Japan Gemany us. Korea
Subcompact
' 73% 43% - -
K, 106% 76% - -
Mid-size
¥, 14% - 98% 105%
K, 11% - 143% 128%

where y; = short-run pass-through and k; = long run cquilibrium pass-through,

Comparing the dollar-cost (C;Ic) pass-through, cocflicients cstimated using RLS and RALS (Table
5.1) arc broadly consistent with the short-run ECM cocflicients (v,) using the Engle-Granger approach
(Table 5.4). In thec long run (x,), German subcompacts and U.S. mid-sizc automobiles exhibit full pass-
through, while Japanese mid-size remain at approximately 20%.

Rather than constraining the cxchange ratc pass-through to cquatc "forcign cost” pass-through, Table
55 prcs-cms the unrestricted cxchange rate pass-through associated with the ECM estimation, A number
of the previous results using RLS and RALS remain unchanged. For example, there are low Japanese and
high U.S. pass-throughs in the mid-size/compact scctor while the short-run/long-run cocfficients for German
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subcompacts arc rclatively intact. However, there arc two significant differences, namely a substantial
increasc in the pass-through cocfTicicnts of Japanese subcompacts and Korcan mid-size/compacts. The full
cxchangc rate pass-through of Korcan mid-size cars (105%) can be reconciled with the negative 14% dollar
cost pass-through once onc accounts for the considerable negative pass-through of Korcan production costs
(Appendix F; Table F-2). Oncc again, there is cvidence to substantiate the claim that Hyundai was
dumping their automobiles on the Canadian market.

On the other hand, the discrepancy between the dollar-cost pass-through and the unconstrained
exchange rate pass-through in the Japancse subcompact sector can be attributed to gains in productivity
by Japancsc automobile manufacturers during the latter part of the 1980's.' Over the data period, these
productivity gains are reflected in (nominal) cost indexes which fall and/or incrcase at slower rates than
competitors. Combining a higher exchangge rate pass-through with reductions in cost parameters produces

the obscrved low dollar-cost pass-through cocfiicicnts.

(ii) Extension to original model

The first stcp of the Engle-Granger procedure is to determine the cointegrating regressions.
Upformnatcly, onc of the problems associated with SHAZAM cointcgration tests is the interpretation of
ADF and PP statistic given that the cointegrating regression cocfficients are not provided. This presents
considcrable problems when there are greater than two cointegrating variables. For example, if one accepts

a cointegrating vector of the form:

(5.2) Prpon = [ (C;,G,PWP Korew Puss P Swdm) ’

onc cannot be certain that it is duc to the fact that all variables are significant or a combination of some

* For Jupancse productivity comparisons, sce Fuss and Waverman [1990a,1990b] and Conrad [1989].
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significant variables with others having zero cocfficients; either casc is possible. Conscquently. dozens of

cointcgrating tests arc performed in order to account for all possible combinations. Based upon the results

of ADF and PP tests on the residuals, sixreen cointegrating cquations are selected. The selection of cach

of thesc cointcgrating regressions is based strictly upon theorctical considerations: they contan the

maximum possible variables aceeptable for cach country under cach automobile classification. The ECMs

derived from these cointegrating regressions, along with the residual test statistics arc presented in

Appendix G. Given the theoretical speciflications in equation (#.30) the following tables summarize the

pass-through cocfficicnts:

Subcompact
Yﬂ
%,
Mid-size
Yo
Ko
Large
Yo
X,
Subcompact
Yo
¥y
Mid-size
Yo
Ky
Large
Yo
Ko

Japan

61%
78%

40%
33%

Japan

72%
58%

40%
30%

TABLE 5-6

Pass-Through Coctlicients from Extension (Engle-Granger)
AP,, = }’nA(C;fC)" +: yb Ap;r * Y.‘[Pn-: = KG(C;,"’)AM = ":’\.J; Pjr-l' ] + &
Germany

~60%
40%

99%
1%

TABLE 5-7

Pass-Through Cocfficients from Extension (Engic-Granger,cost clasticity)

Apu = YOA(C;) + }',A(e),, +Z xTJ Ap)r*’ ?':!Pu-: - IC,(C;),,_,— K}(e)n-: - zx:; Py ] )
Germany

4%
38%

83%
117%

U.S.

-182%
=247%

67T%
2%

79%
94%

LS,

-T1%
-194%

140%
120%

64%
81%

Sweden

-68%
~1%

138%
144%
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Despitc acceptance as cointegrating regressions, many of the variables - notably competitors' prices -

arc statistically insignificant suggesting that more parsimonious models might be more appropriate.
However, as a competitor, the price of Korcan automobiles is statistically significant in all mid-size
regressions, Undoubtedly, the pricing strategy of Hyundai had an impact on other forcign importers' prices,
The negative cocfficient on Japancse and U.S. regressions imply a reduction on their prices following an
increasc in the Korean price. Such a strategy would make sense if:

(a) market forces reflect consumers’ perception that ali three are legitimate "substitutes™; or

(b) Japancsc and U.S. cxporters try to regain lost market shares.

Either way, the presence of Hyundai has increased the competitiveness in the mid-size/compact scctor of
2utomobiles and lowered the average pass-through rates.

There are also several pass-through cocfficients in excess of 100%. Coefficients of this magnitude
amplify rather than attenuate any changes in prices attributed to changes in exchange rates. For example,
an appreciation of the U.S. dollar leads to an increasc in Canadian dollar prices of U.S. automobile imports
over and above increases associated with full pass-through. Static versions of the mark-up model (Knetter
[1989,1993], Marston [1990]) show how mark-ups will increase as the seller's currency appreciates if the
convexity of the demand schedules is greater than that of constant-clasticity schedules.

In the subcompact scctor, the Japanese and German unconstrained long-run pass-through coefficients
arc 60% and 40% respectively, while that for the U.S is calculated at -194%. Negative rates imply a
rcjection of the traditional relationship between exchange rates and prices of traded goods. An appreciation
of the Canadian cumrency, for cxample will lead to an increase in the Canadian price of foreign automobile
imports. Under demand-induced PTM models, this outcome is consistent with U.S. markups in excess of
100% following an appreciation of the Canadian currency.

The extension to the original model produces a cointegrating regression in the large automobile sector.

The long-run pass-through cocfficient for the U.S. is 80%, while onc also notices the importance of
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Japancse competition. Specifically, a 10% change in the price of large Japanese automobiles will lead to
a 3% change (in the same dircction) in 1.S. prices. The fact that a cointegrating relationship cxists under

the extension but not in the original model is testimony to the fragility of cointegrating tests as discussed

by Muscatelli and Hum {1992).

II  Johansen Procedure and VAR Estimation

In this scction, the Johansen procedure replaces the Engle-Granger two-step procedure as the method
for determining the number of potential cointegrating rclationships in cach of the three automobile
classifications. In thc case of subcompacts, inclusion of all four countrics (Japan Germany., United States,
and South Korca) restricts the data sample period from 1984:2 - 1987:4.° The lack of data {or the given
number of variablcs to be cstimated results in a singular matrix {or the vector of crror terms. A singular |
matnix, by definition, implics a determinantal valuc of zcro, an inverse which does not cxist, and an
inability to estimate the system of cquations, To correct this problem, data from South Korcan automobiles
arc omitted. This dccision is based upon the previous E-G tests which do not find cointcgrating
relationships for Korcan subcompacts, as well as the desire to increase the sample period. A somewhat
similar problem ariscs in the casc of compact/mid-size automobiles; vector calculations of test statistics
lcads to a singular matrix. However, previous E-G cointegration analysis precludes the omission of South
Korcan data. In fact, both E-G and traditional CLR analysis suggest that South Korcan prices play a
significant rolc in competitors' pricing decisions. Instcad, Swedish data - typically represcnting the [cast
significant contribution to Canadian automobilc imports - arc removed.

Accounting for these changes to subcompact and compact/mid-siz¢ systems of cquations, the following

three tables present the results of the Johahscn rank tcsts:

> South Korea entered the Canadian subcompact market in 1984:1 whercas German subcompacts were
significantly affected by the reclassification of automobiles in 1988 (Sce Appendix B).

136



TABLE 58

Johansen Rank Tests for Subcompact Automobiles

Maximum_FEigenvalue Statistic Trace Statistic
df. =T d.f, = T-qk 95%: df.=T d.f. = T-gk 95%
PO 36827 | 32217 255 80.25™ 7025 024
psl 2236 19.56 19.0 43.43" 38.007 25.3
ps2 | 21.07" 13.447 12.2 21077 18.44™ 1222
! Sce Osterwald-Lenum [1992; p. 469]
" Reject Null Hypothesis @ 1% level of significance.
“Reject Null Hypothesis @ 5% level of significance
TABLE 5-9
Johansen Rank Tests for Compact/Midsize Automobiles
Maximum Figenvalue Statistic Trace Statistic
df.=T d.f. = T-qk 95%} df.=T df. = T-qk 95%*
ps0O 68.76™ 56.80™ 31.5 167.00™ 138.00™ 63.00
psl 47427 39.177 255 98.24™ 81.16™ 42.4
ps2 29.79™ 24617 19.0 50.83™ 41997 253
ps3 21.04™ 17.38” 122 - 21.047 17387 122

' See Osterwald-Lenum [1992; p. 469]
“Reject Null Hypothesis @ 5% level of significance
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TABLE 5-10

Johansen Rank Tests for Laree Automobiles

Macimum Eigenvalue Statistic Trace Statistic
df.=T d.f. = T-qgk 95%!* df. =T d.f. = T-qk 95%:!
pxs0 [ 48.30" 42,00 25.5 92.54™ 30477 42,4
psl 33447 29.06™ 19.0 44.247 38477 253
ps2 10.82 941 12.2 10.82 941 12.2

* See Osterwald-Lenum [1992; p. 469)
" Reject Null Hypothesis @ 1% level of significance.
“Reject Null Hypothesis @ 5% level of significance

In the subcompact classification, the maximum cigenvalue test statistic only rejects the null hypothesis
of Hy:p £ 2 at a 1% level of significance. However, procecding to the null hypothesis of Hy:p < 3, this
test statistic is rejected at the higher 5% level. Morcover, the tract test rejects all null hypotheses at a 5%
level of significance. In a similar fashion, both tests reject all null hypotheses for the compact/mid-sizc
sector.

The rcjection of all null hypotheses for subcompacts and compact/mid-sizc automobiles implics that
the /7 matrix (cquation (4.32)) is of full rank. Conscquently, the entirc system of cquations is alrcady
stationary with all variab!cs. in the ¥, vector deemed integrated of the order zero such that the model can
be estimated in levels rather than differences (see rank conditions for cquation (4..13)). Although this
conclusion contradicts carlier unit root and cointcgration tests, it permits the rescarcher to cstimate the

system of cquations as:
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k
53) Y, TR, N7,
Ty Jj=0

where, Y, = endogenous variables:
Z, = cxogenous variables; and

§ IN (0,@.

The results of the VAR cstimation of cquation (5.3). using the full information maximum likelihood

ostimator (FIML), arc rcported in Appendix H. The following table summarizes the pass-through

cocfficients:
TABLE 5-11
Pass-Through Cocfficicnts from a VAR represcntation
Japan Germany United States . South Korea
Subcompacts  lo% 214% % -
Compact/mid-size 130% 146% 375% 64%

With the cxception of the U.S. subcompacts, the relative values remain consistent with previous
results. For example, in the compact/mid-size scctor, the U.S. has the highest pass-through coeflicient,
followed by Germany, Japan and South Korca. The high nominal values can be partially attributed to the
fact that the results are based upon a model which is gencrated by theoretical considerations only, and do
not reflect a parsimonious VAR representation.

On the other hand, rank tests for the large automobile sector (74 BLE 5-10) indicate that the rank of
1Tis less than the q endogenous variables to be modelled. In particular, it cstablishes the existence of fwo
cointegrating regressions. With the confirmation of cointegrating regressions, features of PC-FIML are
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cmployved to derive unique cointegrating regressions.  The valucs of the @ matrix from cquation (4.33)
arc first systematically restricted to zero. These restrictions test whether a particular cointegrating
rclationship affccts onc of the cquations to be cstimated. Each time a restriction is implemented, a
Likelihood Ration (LR) statistic. with a y* distribution, tests whether these restrictions are readily
acceptable. Once the @ matrix is complete, a similar process is cmployed to determiine unique values of

thc cointcgrating matrix (§) matrix. Restrictions placed on 8 may be in the form of:

(i) zcro resirictions (i.e.. compctitors prices do not influcnce the long-run relationship of U.S. prices):
(i1) particular valucs (i.e.. U.S. pass-through cocfficicnt is cqual to 1); or

(iii) cquality rclationships (i.e.. U.S. cxchange rate pass-through is equal to U.S. cost pass-through).

Applying this procedure, tests indicate that the two long-run cointegrating vectors are Japancse and U.S.
priccs. Cointegrating vectors for German prices always have exorbitant valucs in addition to wrong
theoretical signs, regardless of the ordering of the variables. Once final versions of the cointegrating
regressions are accepted. the next step is to determing a parsimonious VAR using the full information

likelihood cstimator. Similar to cquation (.32), the system of cquations is sct up as:

k k
69 AY, = TEAY,, + TIAZ, + K, <6,
i=1 j=0

where, Y, = endogenous vanables;
Z, = cxogenous variables;
X, = all variables; and

& IN (0,@.

The results of the VAR estimation of equation (5.4), using the full information maximum likelihood
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estimator (FIML), arc reported in Appendix H. The following table summarizes the short-run and long-

run cxchange rate pass-through cocfficients:

TABLE 5-12
Pass-Through Cocfficicnts from a Johansen/VAR Representation

Large Automobiles

Japan United States
Short-run -45% 120%
Long-run 31% 58%

The main feature of TABLE 5-12 is that Japan and the United States have different exchange rate
behaviour in borh the short run and the long run. In the short run, the U.S. exchange rate pass-through
is in cxcess of 100%: this is consistent with contracts denominated in U.S. currency, plus a premium if
exchange rates arc expected to continuc in the same direction. On the other hand, the short-run "perverse”

behaviour of large Japanesc automobiles is replaced with a pass-through of 30% in the long run.

As a final notc to thc cstimation section, the pass-through cocfficients for cach automobile
classification - under all three methodologics - are tested in order to determine whether these coefficients
are statistically different between competitors. Previous work is inconclusive: Knetter [1993] argues that
there cxists little evidence to suggest diffcrent pricing behaviour within common industries while Gross
and Schmitt [1993] arguc that the degree of pricing-to-market can vary across automobile sectors but

remains constant within categorics. This thesis adds to the debate by presenting cvidence to suggest that,
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under certain circumstances. pass-through cocflicicnts can also differ within automobilc catcgorics,

Under the Johansen\VAR mcthodology. only the large automobile classification produces long-run
cointcgrating vectors. Using the Johansen cointegrating restrictions tests on Japancse and U.S. pass-
through cocfficicats, the likelihood ratio (LR) with a rank of two produces a x° (9 d.f)) statistic = 16,069
[0.0655]. The null hypothesis (H,: the cocfficients arc identical) is only just acceptable at a 5% level of
significance and not acceptable at a 10% level of significance. At higher levels of significance the
Japancsc long-run pass-through cocfficicnt of 31% is statistically differcnt from the U.S. long-run pass-
through of 58% (scc page H-3).

The other casc where there porentially exists statistically different pass-through cocfficicnts between
competitors within a common automobile category is in the Engle-Granger compact/mid-size classification.
The Japanesc long-run pass-through cocfficient of 30% is considerably lower than German U.S. and South
Korcan compctitors who cach have long-run pass-through cocfficients slightly in excess of 100%.
Unfortunately, PcGIVE docs not provide t-statistics or standard errors for cocfTicients in cointcgrating
regressions using the Engle-Granger approach. The abscnce of statistical data precludes any direct testing
of the null hypothesis. Future rescarch could be directed towards deriving restricted versus unrestricted
regressions and making comparisons with F-tests. Another arca of future research is identification of the
underlying reason(s) why pass-through cocfficients may differ (statistically) within automabile
classifications - is it the dynamic nature of thc model? assumptions conceming the market structure?

cconometric techniques?
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5.5 Forecasting

Under the best-case scenario, the Johansen procedure will determine that each of the three systems
of cquations (subcompact, compact/mid-sizc and large automobiles) has at least one cointegrating vector.®
Using the tests described in chapter 4, these individual systems arc subsequently tested for model
misspecification and/or paramcter stability. Finally, in an effort to sclect the "better” cconometric
methodology, the forccasting results from the Johansen procedure are compared with those from the
individual cquations produced by the Engle-Grange two-stcp procedure.

Unfortunatcly, the Johansen proccdurc did not find any cointegrating relationships for cither
subcompact or compact/mid-sizc automobiles. Conscquently, comparisons arc restricted to the large
automobile scctor. Since the objective is to sclect the better methodology, an appropriate starting point,
prior to comparisons of forccasting statistics, is 10 ¢xamine the actual versus fitted and the characteristics

of the residuals under cach mcthodology.”

< Insert Graphs I-1, .2, ..., -5 >

The actual versus fitted graphs (I-1, I-2, and [-3) indicatc that the final models selected under both the
Engle-Granger two-stcp procedure and the Johansen/VAR. cstimation are substantial represcntations of
actual movements in prices of large automobiles. In fact, based upon comparisons of U.S.automobiles,
one is unable to sclect the better of the two methodologics.

On the other hand, graphs of the residuals (I-4 and 1-5) demonstrate that the Engle-Granger procedure
has slightly morc serial correlation than the Johansen/VAR representation. However, the distribution of

the Engle-Granger residuals is more "normal” than the bimodal residuals generated under the

® Otherwise the system has either no cointegrating vectors or it is already stationary in level form.
7 Appendix I contains all graphs relating to this scction
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Johansen/VAR representation. Therefore. at this initial stage, there is little to suggest that onc particular

mcthodology dominates the other.

1. Static Forccasts

The next step is to examinc the differcnces, if any, between static forccasts. The systemt ol cquations

under the Johansen/VAR mcthodology and the single cquation of the Engle-Granger approach are cach

estimated with 4 period and 6 period in-sample (ex-post) data points removed. Forecast analysis examines

the possibility of paramcter instability and misspecification. The results arc presented in the following

two tables:
TABLE 5-13
Static Forccast Tests Using a Johansen/VAR Representation

1-Step (ex-post) Forecast Analysis 1987(1) - 1987(4)
& ~— %(8)=9914 [0.271] M, ~- F(8,5) = 1239 [0.434]
& ~— 1(8) = 4.578 [0.802] Ny —~— F(8.5) =0.572 [0.770]
& —~— %N(8) = 4.134 [0.845] N, ~— F(8,5)=0.517 [0.806]

1-Step (ex-post) Forecast Analysis 1986(3) - 1987(4)
&~ %(12) =69.431 [0.000]” N, ~- F(123)=15.786 [0.087)
& ~— 1(12) =17.605 [0.128] N ~ F(12,3) = 1.467 [0.420]
& ~— 7%(12) = 18.000 [0.116] N ~- F(123)=1.500 [0.4]12]

~ Reject null hypothesis at a 1% level of significance.

TABLE 5-14
Static Forccast Tests Using an Engle-Granger Two-Step Procedure

1-Step (ex-post) Forecast Analysis 1987(1) - 1987(4)

&~ £(4)=2.590 [0.628] N, ~ F(4,14) = 0.648 [0.638]
&~ 2£7(4) =2.145 [0.709) 1, ~ F(4,14) = 0.536 [0.712)
& ~— £(4) = 2314 [0.678] N, —~ F(4,14) = 0.579 [0.663]
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1-Step (ex-post) Forecast A nalysis 1986(3) - 1987(4)

& ~— %(6) = 26485 [0.000] M —~— F(6,12) = 4414 [0.014]
& ~— 27(6) = 12.596 (0.050] N: ~— F(6,12) = 2.010 [0.129]
& ~— 2(6) = 9.543 [0.145] Ny —~— F(6,12) = 1.590 [0.232]

" Reject null hypothesis at 5% level of significance.

~ Reject null hypothesis at a 1% level of significance.

Both mecthodologics accept paramcter stability and proper model specification at an in-sample
forccast period of four. However, when the in-sample data period is extended to six forecast periods, both
reject the parameter stability test (£) at a 1% level of significance while the Engle-Granger approach also
reject the degrees-of-frecdom corrected version () at a 5% level of significance. More importantly, onc
of the Engle-Granger tests for model misspecification (&) is rejected at a 5% level of significance.

In bricf there is cvidence at the static forccast level to suggest that the Johansen/VAR represcntation

has better parameter stability characteristics and generates the "better” model.

II.  Dynamic Forecasts

While the 1-step static forecast tests arc primarily designed to determine issucs of parameter stability
and model misspecification, dynamic forccasts analyses are strictly designed to mcasure the ability of an
cquation to gencrate accurate forecasts over the longest interval possible. The following graphs provide

a visual representation of the dynamic forecasts:

< Insert Graphs 1-6, I-7, and I-8 >

Each graph contains a forccast horizon of 16 quarters and includes a 95% forecast error bar for each
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obscrvation.® The forccasts gencrated by the Johansen/VAR cstimation for prices of large Japancse
automobiles (Graph I-6) fall within the forecast crror bars up until the seventh forecast period. at which
point subscquent forccasts become crratic in comparison with actual price movements. The inconsistency
of these later forccasts is undoubtedly duc to significant fluctuations in actual prices starting in 1989,
Since fluctuations of this order of magnitude arc not recorded during the in-sample period, the distribution
of forccast crrors is not based upon this larger distribution of priccs,

On the other hand, dynamic forceasts of large U.S. automobiles under the Johansen/VAR estimation
arc quitc impressive. With the exception of onc forccast point (1989(4)), all forccasts fall within the
forccast crror bars., This contrasts significantly with the dynamic forccasts of large U.S. automobiles
under the Engle-Granger two-step procedure; only the first year of forecasts fall within forecast error bars,
while ten of the remaining twelve forecasts lic outside forecast ¢rror bars. In spitc of the assumption of
parameter constancy and invariance, forccasts generated by the Engle-Granger methodology delenorate
at a rapid pace in the latter years of the forecast horizon.

Combining rcsults from both static and dynamic forccast analysis, the statistical cvidence
demonstrates that ECMs dcvcloped under 2 VAR representation - and assuming that the Johansen
procedure identifies r (<q) cointegrating vectors - arc “better” models than those ECMs developed through
an Engle-Granger two-stcp procedure. The Johansen/VAR methodology produces ECMs with greater

paramcter stability, lower probability of model misspecification and finally, better forccast ability.

* Dynamic forecasts arc based on a scquential process (e.g., 1, 2, ..., 16-step forecasts) and ignore parumecter
uncertainty problems. As a result, the dynamic process assumes that the parameters calculated in the sample period
are constant and invariant over any possible regime changes outside of the sumple. This ensures that the forecast
errors come from the identical distribution as the in-sample period. Despite this assumption of parumcter certainty
and invariance, the variance of forecast errors typically increase with the forecast horizon (h), to the point where
the forecast error may become heteroscedastic and/or serially correlated.
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CHAPTER 6
CONCLUSION

6.1 Summary

This thesis measures the effect of changes in exchange rates on prices of automobiles imported into
Canada during the 1980s. The theorctical model of exchange ratc pass-through is motivated by ;

(2) the desire to derive a genceral model which is capable of synthesizing existing models, which only
identify portions of pass-through.

(b) the desire to forge stronger links between theoretical foundations and cmpirical cstimation by
providing a natural framework for rccent cconometric dcvelopments.

The modecl takes the form of a rational expectations, dynamic optimization problem where fimns maximize

profits with respect to price, subject to lincar demand curves and quadratic adjustment costs. Solving for

the system of Euler cquations, one derives a partial adjustment model, which can also be respecified as

an crror correction model (ECM) capable of scparating short-run dynamics from long-run equilibrium

rclationships. By including competitors' prices in the demand curve, an extension to the model, which

"nests” the original, accounts for the possibility of strategic price interaction between competitors.

Each of the three individual automobile classifications (subcompact, compact/midsizc, and large) is
cstimated using three different cconometric methodologics: recursive least squares (RLS); the Engle-
Granger two-step procedure; and the Johansen/VAR approach. Overall, the results indicate that, regardless
of which cconometric methodology is employed, U.S. firms pass-through the largest amount of 2 change
in exchange rates, followed in order by Germany and Japan. These resuits corréboratc Knetter's [1989]
carlicr study on manufactured goods and recent study (Gagnon and Knetter [1995]) on automobile

exports. However, Knetter [1993] argues that there is little evidence to indicate differences in behaviour
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within common industrics. Gross and Schmitt [1993]. on the other hand, contend that the degree of
pricing-lo-market varics across automobile scctors but remains similar within a given category. This thesis
gocs one step further and argues that pricing behaviour is different. not only across but also within
automobile categorics.

On average, the results from the extension duplicate the ordinal rankings of the original model,
although the pass-through cocfficients change substantially in certain cases. Under the Engle-Granger
procedure, all countrics producing compact/midsize automobiles take into consideration the pricing
strategy of the Korcan automobile manufacturer (Hyundai). Finally, the Englc-Granger two-step procedure
and the Johansen/VAR approach arc ranked. in terms of producing the 'best' ECM., by parametcr stability,
model misspecification tests and forecast ability. Under the assumption that the Johansen procedure
identifics r (<q) cointegrating vectors, the Johansen/VAR mcthodology produces ECMs with greater

parameter stability. lower probability of model misspecification and better forccasting ability,

6.2 Areas of Future Research

Differences in exchange rate pass-through cstimates obtained by different rescarcher, using identical
countrics, commoditics and time periods can be traced to two factors: data and mcthodology. If there are

to be substantial improvements in the future, one should address these catcgorics,

L Data

Firstly, if possible, unit value price indices should be replaced with true pricc indices. Equally, onc
should cndecavour to use exact cost indices for each of the automobile categories rather than onc cost
index for all categorics. Sccondly, the commodity-composition problem of price indices can be reduced
if monthly~ and quarterly data arc replaced with annual data. Unfortunalcly, the trade-off is less data

points leading to a reduction in the number of lags available for cach variable, In the long run, as data
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become available, this trade-off is minimized. However, in the case of Canadian data, if one extends the
samplc into the 1990s, onc would have to consider the structural break of 1990-91 when the
manufacturer's tax of 13.5% was replace by a 7% goods and services tax. Not all automobiles prices were

reduced by the same amount; some actually increased.

Il Methodology

Onc option available for future rescarch is examining the possibility of time-varying parameters.
Using the Kalman filtering technique and maximum likelihood estimation, Wong and Manzur [1993] test
whether cointegrating parameters of a purchasing power parity (PPP) model vary over time. This
approach could be used to test time-varying parameters in exchange rate pass-through models. Caution
must be exercised to ensure that constantly-changing long-run relationships arc not corfused with short-
run dynamics of the model,

Another potential arca of rescarch is the inclusion of the role of compctition policy as a factor
determining exchange rate pass-through. Levinsohn [1994] has started rescarch in this arca. He argues
that trade theorists have neglected the importance of competition policy and offers a number of ways in
which trade in incxtricably linked to competition policy. Differcnces in competition policics across
countrics may account for another potential source of PTM.

Finally, all future rescarch must take into account the time-serics propertics of the data, Without
some knowledge of the data gencrating processess one faces the possibility of developing spurious

rclationships and forming incorrect statistical inferences.
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APPENDIX A

MATHEMATICAL DERIVATION OF THE EXTENSION TO THE ORIGINAL MODEL

Firms with differentiated products lacing lincar demand curves and quadratic adjustment costs will solve

the following rational-expectations dynamic eptimization problem:

- C. -
Max V, = E:-ng b* [qumz - (#ﬁ] = ‘g(qh = ‘Irm-l)’]

(A.1)
lt+x
P

where,

E,, = mathematical expectations operator,

b = discount factor (0 <b < 1),
p; = price of i*® country's automobile, denominated in Canadian dollars/unit,

g; = quantity of i country’s automobile,
C'(g) = cost of i* country's automobile, denominated in foreign currency/unit,

¢, = bilateral exchange rate expressed as i* currency/Canadian dollar, and

J = adjustment cost parameter,

Substituting quantities with;

A2) Qieee =& = CPye *+ Jg PP

equation (A.1) becomes
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Muximizing cquation {A.3) produces the following system of Euler equations:

C.
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c; = ___aca:;q) , and

0., = - pp., + E BiPitec * Pyogar = 2 BiPirec-y -

Dividing equation (A-4) by ¢,.. and rearranging to isolate the price of the ith country's automobile, p;.., on the left-hand side (L.H.S.)

and all other variables on the right-hand side (R.H.S.) :

-ulplrvt "
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L.H.S.

Concerntrating on the left hand side of the system of Euler equations, if one:

() multiplies by -1; and
(b) divides by fe, .

one derives the following expression from (a):

s
(A.6) LHS: = bfep,..,* ¢‘ -1 -fo - y“l}’b: * J& Pyacar »

and the following expression combining (b) with (a):
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[ﬁ”t fat ]Pk T fex=l >

or alternatively,

(A.S) L,E‘S.: = b(l + %L + %Lz]pu..‘.] »

where

(A9) r- [l [L - l] - (1+b)} X



In order to calculute the roots of the system of equations (2,4.), one needs to factor the lerm in brackets in cquation (A.8) in the

following manner:

(A.10) 1+ %L . %13 (1 -A00 -0 =1 + L)L+ L1,

such that,

® 3=+ 1,
(A.11) 1 == < 1
i) — =hA, = Aym— .
@ 3 =hk oAb
Using the results from equation (A.11):
= 1
(A12) -T = bi, +—.
4
Substituting (A.12) into (A.9):
11 1 T 1
(A.13) == -—|+(1+b)| = bA, + — .
f(c:‘ d’t’t] ] ' A

The expression in equation (A.13) is positive since >0, ¢, <0,and0<b < 1.



Calculation of A, and A,

The minimum point of the u-shaped function. bA + A oceurs when A = 1/¥b and the associnted value is 2%, Given that
0 <b < 1, it is the case that 1 + b = 2/¥b with an equality st b= 1. Consequently. for relatively large values of o and ¢, where
-T' = (1 +b), itisalso the case that -I" 2 2/¥b. Therefore, the solutions for 2, and 2, arc both distinct and real.  Suppose 2, is
the smaller root, then A, < 1/¥b < A.. Morcover, it the function bh + A" equals (1 + b) then 4, = 1 and A, = 1/ are the two roots.

However, since -I" > (1 +b), unity represents the upper bound for A, while 1/b represents the lower bound for A,

R.H.S,

Operations performed on the left-hand side of the ¢quation must also be performed on the right-hand side. Therefore, multiplying

the R.H.S. from equation (A.5) by -1:

“9 pas - 5 Effm [ L TPy * S BBt * O E BiPpeces = BF L ByPee
it

and dividing by fa;

(A.15) g ., 2BPu. _ _I_[SLL 2B PP DX BBy | DY PP
Je,

Sedy.  Sede. & % & %y

Equation (A.15) can be rearranged as:

A.16 Gl L NET . '
( ) fuﬁ&ﬁ fu,[ L bz pj.pﬁt':d (f¢ (1 b)]z ﬁjpﬁ.‘ E ﬂ!pﬁ“-l

f*T

A-5



Adding und subtracting:

an LS8
: ft 5

will produce:

)

=Pl By Y f— ——| = + + + .L
fﬁ.%., f“:[— bz PPy * (f (d?m | “] ¢ b)]z B2 BB J"un}"2 B »

or alternatively,

(A.19)

- 1 - —L + —L o
fa&hw [ L ]2 Blpﬁ"'l] fa, E BJPM

Plugging in the expression from equation (A.10), the right-hand side becomes:

(A-20) RHS: =

o f«HN RO SRR SIS LY



Equating both sides:

] ) c; ) ]
b - LD - ADp, ., = —1 - -l—[J-L . -i-[b(l - 4,00 - 30T BPpe.]
.y ]

Jed... JSxle
(A.21) .
* _:E pjpjt't
oy

To satisfy the transversality condition, one operates (i.e., divides) using the forward inverse of (1 - A,L) and the discount fuctor, b.

That is, one uses the "unstable root”, 4, , to solve in the forward direction.'! This produces the following equality:

-(pAy) 'L, R 2O
Sooodl - LY feft - L)
i
st - 3'27)

A - L,0ppu

C’I 1 x
[T' + :;[(l = le)E ﬂipﬁ't"]
(A.22)

L

2 By -

Substituing for expression (&) in equation (A.11):




-4, . Ay 1Y &e
i e

- C, "
( l]‘[ QL 2t = 4D BPpeca]
weelnk %y

Q- ilL)Pl-l':-l 1] E &
‘ -

f“ﬁu-«[l - E

(A23)
i: -1\
*— - B ot "
P :-o( sz] 2 BPrecar

Finally, rearrenging to isolate p,.., on the left-hand side,and reinserting the mathematical expectations operator, one derives equation

(3.12) in =hapter 3:

Aa Lo} (c;
2 |—— = —| E = -
Pl:-zvl 1 * f‘-'-;t-o[;-:] tr llpkvt
Jedy 1‘:

(A249)
. A ()
gt Spm SRR g

&y



APPENDIX B
DATA: SOURCES, PROBLEMS AND REMEDIES

The following data appendix discusses the sources of data, problems cncountered and remedics
implemented. The sample consists of quarterly data obtained for the period 1980:1 to 1990:4. The
sclection of this particular sample period is based upon :

(a) thec desire to capture large movements in cxplanatory variables, particularly exchange rates;
(b) the desire to model pricing behaviour over one (or more) complete business cyele(s): and

(c) data availability.
The countrics in question arc Japan, South Korca, (West) Germany, Sweden, and the United States,
Sclection of these countrics is based upon their relative importance, over the sample period, in terms of

the total Canadian dollar valuc of forcign automobilc imports into Canada.’

(i} Prices
Pricc data for all countrics arc quartcrly unit values as rcported in Statistics Canada's /mports,
Merchandise Trade. Althcugh import unit values arc readily obtainable, they are not the prcfcrrcﬂ
choice for price data (Kravis and Lipscy [1974]). Thc main problem is that unit-value indexes can
change if the composition of imports change, while prices remain constant. One manner o avoid
this problem is to differentiate the product as best possible. By segregating the automobile industry
into three scparate categorics - subcompacts, mid-size, and large - onc can mirimize the problem of
commodity composition. Another nicthod of minimizi_xlg the problems associated with inconsistent

unit-value indexcs is to sclect a larger frequency for the data. For cxample, by sclecting quarterly

' Raw data for prices, costs and exchange rates #re plotied for cach country and automobile clussification on
pages B4 to B-15. All data is in logarithmic form.

B-1



data, as opposed to monthly, onc can spread the distortionary ¢ffects of one month of "unusual

imports" ?

(ii) Exchange rates
Nominal exchange rates for Japan, (West) Germany, Sweden and the United States come from the
Bank of Canada’s £ETS Data Management System. The Korean won data come from the Bank of

Korca's Monthly Statistical Bulletin.

{iii) Costs
There arc numcrous mcthods to derive production costs: some studics use indircct cost prexies such
as the forcign price of similar goods while others infer costs changes from a common component in
export prices across different destination markets. In an cffort to acquire better direct measures, the
U.S. costs, published by the U.S. Burcau of Labor Statistics, arc Producer Price Indexes for the net
output of passcnger cars. Germany has a similar statistic called the Jndex der Erzeugerpreise
Gewerblicher Produkte published by the Statistics Bundesamt. Japanese costs arc mcasured by the
output price index of the transportation cquipment sector in the Economic Statistics Monthly from
the Bank of Japan. South- Korcan costs arc an indirect proxy: the wholesale price (in won) for a
"typical” Korcan automobile.’ This statistic is constructed by the Economic Planning Board and
published in the Economic Statistics ¥ earbook. Duc to the lack of Swedish data, the choice of cost
statistics is limited to the Domestic Supply statistic published in the IMF's International Financial

Statistics. This index mcasures the pricc development in the producer and import stages for

* For example, exports may decide to ship three months worth of accumulated "customized” orders in the span
of onc month.

* "Typical" Korean cars range from a Hyundai Pony in 1985 to a Hyundai Excel in later years.

B=2



industrial goods consumed in the country.

Finally. during the sample period there is one important structural change in the automobile industry.
As of the first quarter in 1988, 'Statistics Canada redefined the classification of automobiles. Prior to
1988, automobiles arc catcgorized according to the size of their interior. measured in cubic feet. Under
this classification, a compact/mid-sizc automobile ranges from 100 to 120 cubic fect ( SIC categories 581-
05 and 581-07). In the first quarter of 1988, all automobiles arc re-classificd according to their engine
sizc. measured in litres. Consequently, compact/mid-size automobiles range from 1.5 to 3.0 litres. Given
this change, certain models jump from one category to another. For example, the average price of a large
German automobile in 1987 is $26,000 whereas in 1988, the price jumps to $45,000 (sce page B-13) and
remains at this higher level to the end of the sample period. This is the typical casc where the average
German stationwagon (relatively large interior) is replaced with the high performance sports car (relatively
large cngine).

The fact that there is a structural break at 1988:1 can have significant importance when onc is
examining the stationary propertics of variables. Perron [1988] demonstrates that if a variable has a
constant mean and variance over the period prior to a structural break, and a constant but higher or lower
mean and variance over the period subsequent 1o a structural break, DF and ADF tests will interpret the
structural break as evidence of nonstationarity. Clearly, this is a falsc interpretation since the data arc
stationary; there is simply a once-and-for-all jump in the first and sccond moments. To avoid the problem
of accepting nonstationarity when it is false, separate unit root tests are performed over the two sdnplc
periods. Sccondly, if onc cstimates regressions on the basis of the complete sample period, the structural
break will ha\.rc considerable cffect on the values of the cstimates. Therefore, to avoid the problem of
tenuous estimates associated with structu‘ral breaks, some of the estimation results exclude the post-1987:4

data.
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APPENDIX C

INITIAL MODEL REGRESSIONS

The following tables summarize regression results and diagnostic tests using PC-GIVE 7.0,

TABLE C-1
SUBCOMPACT AUTOMOBILES
Japan United Statex Germ
1980(2)-1990(4)  1982(2)-1987(3) 1980(2)-1988(1)
Constant 1715 7 0.606 0.720
(0.566)! (1.386) (0.523)
Pus 0811 0.589 0.740
{0.063) (0.265) (0.086)
(€Y 0.133 064l 0.448
(0.054) {0.666) (0.170
R? 0.95 0.68 0.92
D.W.. 1.77 136 1.81
Hansen Test: 0.150 0.546" 0.093
LM [X*G3)]: 2.48 597 1.03
ARCH [X*(3)]: 2.68 4.87 2,07
Bera-Jarque [X3(2)]: 0.16 42 573
White Test: 5.97 8.87 2.81
Wald Test
for Rp=r: 10.96° 15.59 5.61°
Ca=0e)

*Reject Null Hypothesis at a 5% level of significunce.

to(s.e)

Korea

1984(2)-1990(4)

2772
(0.782)

0.500
(0.188)

0.169
(0.125)

0.53
1.99

0.191
2.10
2.56
0.95
3.10

0.003



Constant

pl-l

(CYe),

R‘:
D.Ww.

Hansen Test:
LM [X*G)):
ARCH [X'()):
Bera-Jurque[X*(2)]
White Test:

Wald Test
for Rp=r:
(Co=c)

Japan
1983(2)-1990(4)

9.260
(0.631)!

0.015
(0.006)

0.738
(0.05.)

0.73
0.21

1.3367
26.27"
19.437
2.77
15.186™

TABLE C-2

MID-SIZE/COMPACT
AUTOMOBILES
United States Sweden
1982(2)-1990(4) 1980(2)-1990(3)
0.436 0.776
(0.771) (0.664)
0.606 0.889
(0.138) (0.101)
0.051 0.103
(0.173) (0.141)
0.85 0.89
2.54 2.38
0.1387 0.832™
449 4.95
2.38 18.007
26.14 0.17
5.04 9.92
349 7.69

(se)

Germany
1980(2)-1990(4)

2.346
(1.170)

0.723
(0.108)

0.083
(0.083)

0.54
1.93

0.278
1.51
13.337
0.83
9.i0

*Reject Null Hypothesis at a 5% level of significance,

**Reject Null Hypothesis at a 1% level of significance.

Korea

1985(2)-1990(4)

5.689
(1.566)

0.500
(0.180)

-0.140
(0.098)

0.27
2.05

0.115
1.61
0.14

70.06
2,50

5.02

c-2



Constant

Pel

(CJe),

-

R- .
D.W.

Hansen Test:
LM [X*(3)):
ARCH [X*(3)]:
Bera-Jarque[X3(2)]
White Test:

Wald Test
for RB=r:
Cu=¢)

TABLE C-3

LARGE AUTOMOBILES
Japan United Statex
1980(2) -1988(4) 1982(2) - 1990(4)
1.362 0.126
0.572) (0.489)
0.863 0.846
(0.060) (0.043)
0.247 0.277
0.091) (0.11d)
0.98 0.95
1.96 2.03
0.171 0.087
5.34 10.77
2.82 243
2.38 0.84
2.23 1.27
0.003 1.16

Germany
1980(2) - 1987($)

1.150
(0.743)

0.764
{0.108)

0.293
0.152)

0.78
1.80

0.17
1.80
0.05
0.12
491

1
h
1384

* Reject Null Hypothesis at a 5% level of significance

T (se)



APPENDIX D
EXTENSION TO INITIAL MODEL REGRESSIONS

The lollowing tables summarize regression results and diagnostic tests using PC-GIVE 7.0

TABLE D-1
SUBCOMPACT AUTOMOBILES
Japan United States Genmany Korea
1984(2) - 1988(1) 1984(2) - 1983(1) 1984(2) - 1988(1) 1984(2) - 1988(1)
Constant 5.932 8.497 -1.010 4.232
2.781' (5.252) (4.167) (3.175)
Plapan, -0.118 0.532 0.510
0.723) {0.448) (0.447)
Plapan,, -0.050 -0.553 0.191 -0.450
(0.345) (0.687) (0.568) (0.366)
PU.S., 0.081 0.219 0.173
0.156) (0.205) (0.153)
PU.S.,, 0.053 ~0.293 0.208 0317
(0.132) (0.289) (0.185) 0.102)
PGermany, 0.186 0.731 -0.030
(0.284) (0.478) 0.22%)
PGermany,,, 0.110 0.103 0.197 -0.301
(0.093) (0.208) (0.130) (0.218)
PKorea, -0.182 0.590 : 0.349
(0.366) (0.680) (0.436)
PRorea,, 0.363 -0.087 -0.700 0329
(0.361) (0.694) (0.337) (0.255)
(CJe), 0.463 -0.623 0.383 0.176
(0.240) (1.128) ©.247 (0.205)
R? 0.95 0.80 0.98 0.86
D.W. 2,08 1.98 2.38 231
Hansen Test 0.153 0.261 0.352 0.161
LM [X(3)) 0.46 0.79 0.97 0.18
ARCH [X°(3)] 0.27 0.79 0.11 0.08
Bera-Jarque [X%(2)] 0.22 12.66 0.42 0.l0
' o(se)



TABLE D-2

MID-SIZE/COMPACT
Japan United States Sweden Ge p \orea
1985(2) - 1990(4)  1985(2) - 1990{4)  1985(2) - 19903} 1985(2) - 1990(4) 19852} - 1990(4)
. Constant 9.449 4.731 3.528 -7.569 10.530
G (2.372) (5.619) (17.080) (6.13D)
Plapan, -0.322 -0.004 -0.951 -0.892
0.221) 0.372) (0.656) (£.599)
Plapan,,, 0.695 0.299 -0.004 0.930 0.654
(0.167) (0.209) (0.362) 0.456) (0.557)
PU.S, -0.393 -0.295 0.202 -0.828
{0.180) 0.342) {0.936) (0430
PUS.,, -0.208 -0.096 0.161 0.840 -0.633
. 0.234) (0.228) (0.367) (0.896) {0.604)
PSweden, 0.041 -0.035 -0.038 -0.208
(0.253) 0.214) 0.701) (0.456)
PSweden,, 0.118 0.116 0.545 -0.142 0.994
(0.231) (0.203) (0.213) 0.5353) (0.544)
PGermany, -0.105 0.001 -0.014 0.175
(0.084) (0.098) (0.156) 0.197)
PGermany,, 0.003 0.132 0.152 0.287 -0.024
(0.063) (0.087) (0.099) (0.381) (0.164)
PKorea, -0.291 -0.107 -0.041 0.275
(0.064) (0.072) (0.138) (0.200)

PKorea,, 0.116 0.066 0.075 0.162 0.461
(0030) (0.069) (0.125) (0.202) (0.199)

(Cye), 0.334 0.860 0.191 0.695 -0.764
(0.168) ©.21h {0.286) 0.423) (0.442)

R? 0.95 0.80 0.90 0.87 0.68

D.Ww. 2.29 2.66 2.33 2.70 2.66
Hansen Test 0.153 0.262 0.061 0.220 0.374

LM [X*(3)] 1.27 2.00 5.16 294 3.14

ARCH [X*(3)] 0.35 0.22 1.03 0.92 0.40

Bera-Jarque 045 0.45 0.83 0.43 0.02

* Reject Null Hypothesis at 4 5% level of significance

T (s.e)
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Constant
Plapan,
Plapan,,
PU.S,,
PU.S.,,
PGermany,
PGermany,,

(C;, ©),

-

R?
D.W.
Hunsen Test
LM [X*(3)]
ARCH [X3(3)]
White Test
Bera-Jarque [X3(2)]

TABLE D-3

LARGE AUTOMOBILES
Japan United States
1982(2) - 1990(4) 1982(2) - 1990(4)
-1.755 0.270
(0.607) (0.558)
0.276
(0.033)
0.514 -0.014
(0.114) (0.034)
0310
0.170)

0.242 0.775
(0.178} 0.077)
0.028 0.034
(0.046) (0.048)
0.066 ~0.325
(0.047) (0.045)
0.164 0.346
0.100) (0.156)
0.98 0.95
1.64 1.91
0.053 0.053
1.68 3.20°
1.35 1.3
3.76 0.24
1.54 0.56

Germany
1982(2) - 1990(4)
0.522
(1.921)

0.779
0.118)

0.040
(0.133)

0.328
0.772)

-0.408
(0.667)

0.747
(0.080)

0.422
(0.249)

* Reject Null Hypothesis at a 5% level of significance

i

(s.c.)



APPENDIX E

UNIT ROOT TESTS

The following tables summarize unit root tests performed using the COINT command tfrom Shazam 7.0

Table E-1
Unit Root Tests for Subcompact Prices
[Levels)
Japan Korea

Germany
© 1980.1-1987.4

ADF
T, 0.23
T, -2.66
FP
T, -0.88
Tq -4.39*
Germany
1980.1-1987.4
LDFE
T. -3.60*
Tt -3.51*
EP
T, -8.83*
T -8.65*

1980.1-1990.4 1984.1-1990.4

=244 -2.86%*
-1.82 -3.02
-2.44 -2.85*
-1.86 -3.03

[First Differences]

Japan Korea
1980.1-1990.4 1984.1-1990.4

-3.74* -2.10
-4.00* -2.04
-5.63* -5.02*
-6.05* -5.90*

*  Reject null hypothesis of unit root (@ 5% significance level.
** Reject null hypothesis of unit root @ 10% significance level.

T. Test statistic (tuu) with constant.
T, Test statistic {tau) with constant and trend.

U.Ss.

i’

1980.1-1987.4
-1.09

=2.36

-1.08
=243

1980.1-1987.4

=3.84°
-3.86*

-6.32*
-0,28"*



ADF

Tc
tcl.
PP

(4

T,

el

Cerm

1980.1-1990.4

=257
«2.57

2630
-2.64

Germ

1980.1-1950.4

-3.60*

-3.56*

-6.74*
-6.65*

Table E-2

Unit Root Tests for Compact’Midsize Prices

Japar
1983.1-1990.4

-0.14
-2.49

<0.29
-3.93*

Japan
1983.1-1990.4

-5.09*

-4.97*

-9.26*
-9.03*

[Levels|

Korea Sweden

1985.1-1990.4 1980.1-1990.4

-2.60** ~0.92
-2.61 -2.35
<2.59% -0.90
-2.58 =317

[First Differences]|

Korea Sweden

1985.i-1990.4 1980.1-1990.4

=30 =271
-3.06 -2.67

=587 -9.16*
-5.89* . -9.04"

*  Reject null hypothests of unit root @ 5% significance level.
¢* Reject null hypothesis of unit root @ 10% significance level.

T, Test statistie (tau) with constant.

T, Test statistic (tau) with constant and trend.

US.

1980.1-1590.4

244
-1.56

-2.32

~1.93

us.
1980.1-1990.4

-2.95*

-3.33**

-6.74"
6.65°



Table E-3

Unit Roor Tests for Large Prices

[Levels)
Germanmy Japen Sweden
1980.1-1987.4 1980.1-1988 4 1984.2-1988.4
ADF
T, -1.59 0.18 -2.21
T -1.45 -1.89 ~2.80
BB
T, -1.60 0.18 -2.22
T -1.43 -2.02 =272
[First Differences)
Germany Japan Sweden
1980.1-1987.4 1980.1-1990.4 1984.1-19%0.4
ADF
T, -3.35* ~3.37* =3.19%*
To -3.46%- -3.54~ -2.97
PP
T, -5.73* -5.44* =3.17%*
Ty -5.83% -5.41* -2.94%*

*  Reject null hypothesis of unit root @ 5% significance level.
** Reject null hypothesis of unit root @ 10% significance level.

T, Test statistic (tau) with constant.
T, Test statistic (tau) with constant and trend.

1980.1-1990.4

.S,

1980.1-1987.4

-6.37*
~8.03*



Germany
1980.1-1990.4
ADF
T, -1.37
To -1.10
PP
T, -1.82
“ -3.04
Germany
1980.1-1990.4
ADF
T, -4 68"
Ta -5.12¢
PP
. -8.09*
Ty -8.02*

*  Reject null hypothesis of unit root @ 5% significance level.

Table E~4

Unir Root Tests for Cost Data

Japan
1980.1-1990.4

-1.00
-2.85

-0.52
-1.93

Japan
1980.1-1990.4

~1.96

-2.15

-5.00*
-5.36*

[Levels)
Korea

1984.1-1990.4

-1.39
-2.62

-1.41

-2.75

[First Differences]

Korea

1984.1-19590.4

-4.22%
-4.19*

-4.23*
-4.20*

Sweden

1980.1-1990.4

-1.73
-3.02

-2.44
-1.90

Sweden

1980.1-1990.4

-1.64
-1.78

-3.83*
-4.08*

** Reject null hypothesis of unit root @ 10% significance level.

T. Test statistic (tau) with constant.
T, Test statistic (tau) with constant eand trend.

Us.

1982.2-1990.4

-0.39
-1.94

-0.26
=5.41*

Us.

1982.2-1990.4

-2.46
-2.36

-4.23*
-4.20*

E=4



Table E-5

Unit Root Tests for (Dollar) Cost Data

|Levels)

Ge r Japan Korea

1980.1-1990.4  1980.1-1990.4  1984.1+1990.4 1980.1-1990.4

ADF
T, 0.20 -[.18 -1.54
Te -1.88 <145 -2.64
PP
T, 0.07 «1.21 -1.54
Tet -1.92 -1.57 -2.78
[First Differences]
Germany Japan Korea
1980.1-1990.4 1980.1-1990.4 1984.1-1990.4
ADF
T -3.05* -3.63* -3.53*
c .
Tt =331+ -3.51" «3.28%
PP
T -5.27* -5.34* -4,59%
c
Ta -5.57* -5.20* -4.59*

*  Reject null hypothesis of unit root @ 5% significance level.
** Reject null hypothesis of unit root @ 10% significance level.

T, Test statistic (tau) with constant.
T Test statistic (tau) with constant and trend.

 Sweden

Sweden

1980.1-1990.4

-2.00
-2.59

-5.98*
-6.42*

U.S.

1982,2-1990.4

-2.68*

=249

~1.89
~1.70

U.S.

1982.2-1950.4

-1.14
-1.36

-6.91*
-1.03*



Table E-6

Unit Root Tests for Exchange Rates
[Levels)

Germany Japan Korea Sweden Us.
1980.1-1990.4  1980.1-1950.4  1980.1-19904  1980.1-1990.4  1980.1-1990.4

ADF

T. -0.63 -0.92 -1.46 -2.04 -1.38

T, -1.93 -1.43 ~1.31 -1.43 -1.14
PP

T, -0.76 -0.96 -1.51 -2.04 -1.22

To -1.96 -1.55 -143 -1.46 -0.78

[First Differences]
Germany Japan Korea Sweden U.S.
1980.1-1990.4  1980.1-1990.4  1980.1-19%0.4 1980.1-1990.4  1980.1-1990.4

ADF

T, -2.94* -3.57* -1.56 -1.77 -2.03

T «3.22¢ -3.47* ~1.57 -2.23 -2.50
PP

T, -5.27* -5.36* -4.82* -5.30* -6.01*

T, 5.61* -5.23* -4.69* -5.78* -6.71"

*  Reject null hypothesis of unit root @ 5% significance level.
** Reject null hypothesis of unit root @ 10% significance level,

T. Test statistic (tau) with constant,
T, Test statistic (tau) with constant and trend.



APPENDIX F

The following tables summarize regression results and diagnostic tests using PC-GIVE 7.0

A(CYe),

A(C),

DW,

LM [¥'@3))
ARCH [¢*(3)]
Normality [%*(3)}
White Test
RESET
Wald Test

TABLE F-1

Engle-Granger Error Correction Models

Subcompact Automobiles
Japan Germany
-1.06 0.87
(.35
287
-0.73
-0.70" -0,58"
0.57 0.40
1.83 1.62
1.22 [0.31] 0.55 [0.65]
2.30 [0.10] 3.207 [0.04]
4,61 [0.10] 2.06 [0.35]
0.63 {0.71] 2,10 [0.11]
0.47 [0.50] 3.54 [0.07]

*ECM: p,=-8.122 + 0008t + 4.797(C)), - 1.05%, + &,

"ECM: p, = +5.574 + 0.279t + 0.872(CJe), + &,

“ECM: p, = +32.95 + 0.088t - 5.388(C)), - 0.766¢, + &,

Vo(s.e)
¢ [Probability under null hypothesis]
"Reject Null Hypothesis at a2 5% level of significance,

“Reject Null Hypothesis at a 1% level of significance

-0.76

<5.14
-0.43
-0.68¢

0.44
1.40
1.55 [0.23]
4.14710.02)
1.62 [0.45]
1.93 [0.12]
9,27 [0.005)



D.W.

LM [x'G)|
ARCH [£(3)]
Normality {%3(3)]
White Test
RESET
Wald Test

Korea

-1.28

-1.48
-1.05
-0.85"

0.44
1.96
0.75 [0.54]*
0.03 [0.99]
12.1570.00]
1.01 [0.46]

248[0.13]

TABLE F-2

Engle-Granger Error Correction Models

Mid-size/Compact Automobiles
Jopan
0.21 -0.11
0.17

-0.41

-0.14

-1.22° -1.35¢

0.66 0.72

1.85 1.95
1.41 [0.26] 0.65 [0.59]
0.30 [0.83] 0.33 10.80]
0.81 [0.66] 0.52 [0.77]
1.92 [0.14] 1.24 [0.33]
0.18 [0.67] 0.17 [0.68]

*ECM:

® ECM:
*ECM:
{ECM:
"ECM:

T (se)

¢ [Probability under null hypothesis]
Reject Null Hypothesis at a 5% level of significance,

™ Reject Null Hypothesis at a 1% level of significance

United States
1.24 -1.43
0.75

0.25

-0.98

-0.94¢ -0.94°

0.52 0.55

2.04 2.05
0.39 [0.76] 0.54 [0.66]
0.14 [0.93] 0.08 [0.97]

15.75™ [0.0004] 13.467 [0.001]

0.06 [0.99] 0.22 [0.97)
0.68 [0.41] 1.44 [0.24)

p.= 23.04 + 0,007t - 1.33C; - 1.276 ¢, + &,
pe= 8.746 + 0.016t + 0.21(CYe), + &,
p= 12.27 + 0.015t - 0.66C; - 0.110 e, + €
p,= 2.99 + 0.006t + 1.24 (Ce),+ €,

p.= 7.534 + 0,007t + 0.23C; - 1.433 ¢, + &




ENGLE-GRANGER ERROR CORRECTION MODELS (EXTENSION)

The follewing tables summarize regression results and diagnostic tests using PC-GIVE 7.0

Table G-1
Error Correction Models (Extension) for Subcompact A utomobiles
Japan Germarny US.4,
1982(2)-1987(4) 1982(2)-1987(4) 1982(2)-1987(D)
® 0.778 -0.584 0.399 -0.375 -1.824 1.941
A(C;lc), 0.61 -0.60 =247
A(CQ‘ 1.36 -3.81 -2.32
Ae, -0.72 -0.04 (V|
ECM,, -1.30" -1.39° -0.71¢ -0.70¢ -1.32° -0.97f
APJapan, 0.12 0.50 -0.35 -0.12
APGermany, 0.03 0.07 0.19 0.16
APUS.A, 0.05 0.02 0.40 0.45
APKorea, 0.02 0.04 . 0.80 0.69
R? 0.80 0.88 0.41 0.47 0.78 0.77
D.W, 1.85 1.99 1.68 1.61 2.18 1.56
LM [¢3(D)] 0.06 [0.80}) 1.26 {0.30] 0.64 [0.54) 0.55 [0.59) 0.46 [0.51]) 3.55 {0.10)
ARCH [¥*(1)) 0.01 [0.94] 0.01 10.93] 1.87 [0.19] 2.29 [0.14] 1.25 [0.30] 0.01 [0.94]

Normality 0.12[0.99]  0.57 [0.93) 5.65(0.06)  3.4010.18] 0.83 [0.66]  0.93 [0.63]
White Test N/A N/A 0.59 [0.50]  0.99 [0.53] N/A N/A
RESET 0.15[0.71]  0.28 [0.61] 3.46 [0.08] 5467 [0.03]  020[067]  6.02° [0.04]




Table G-1 cont'd,

“ECM;  p. = 6.621 - 0.011t + 0.778(C/c), + 0.030PGermany, + 0.979PU.S.A,, + 0.187PKorea+ g,
YECM;  p.= 12.43 - 0.018t - 0.888(C)), - 0.584c, + 0.114PGermany, + 0.028U.S.A, + 0.290Korea, + &,
CECMg  p,= -2.419 - 0.024t + 0.399(C/e), + 0.542PJapan, + 0.570PU.S.A, + &

YECM;  p,= -13.71 + 2.669(C)), - 0.375¢, + 0.684PJapan, + 0.583US.A, + g

*ECM,;  p,= 15.23 + 0,044t - 1.824(CJ/e), + 0.102PGermany, - 0.338PJapan, + 0.470PKorea, + &

TECM;  p.=229 -0210(C), *+ 1.941c, + 0.377PGermany, + 0.054Japan, + 0.510Korea, + &,
1 (se)

! [Probability under null hypothesis]
* Reject Null Hypothesis at 2 5% level of significance

G-2



Table G-2a

Engle-Granger Error Correction Model (Extension) for Compact:Midsize Automobiles

Japan Germany Us.A. Sweden
1985.2 - 1990.4 1985.2 -1990.4 1985.2 - 1990.4 1982.2 - 1990.4
K 0.396 0.991 0.673 -0.676
(0.103) (0.540) (0.262) (0.340)
A(C /o), 0.33 0.51 0.72 -0.013
(0.09) 0.32) (0.15) (0.208)
ECM,, -1.22* 067 -1.29¢ 0.73¢
0.27) 0.17 (0.26) {0.13)
APJapan, -0.32
0.19)
APGermany, -0.06 0.05 0.05
(0.04) (0.05) (0.06)
APUS.A, -0.21 0.19 0.40
.10 0.49) (0.16)
APKorea, -0.12 042 0.14
(0.05) 0.19 (0.06)
APSweden, -0.05 -0.09 0.06
0.11) {0.49) (0.13)
R? 0.83 0.58 0.74 0.55
D.W. 1.85 249 2.21 1.90
LM [ 0.36 [0.70} 1.12 [0.35] 0.51 10.61] 1.03 [0.40]
ARCH [ (1)} 0.50 [0.62] 0.13 [0.88] 0.34 [0.72] 0.27 [0.85]
Normality [%(2)] 1.87 [0.39] 0.93 [0.63] 0.77 10.68] 1,22 [0.54)
White Test 0.38 [0.90] 0.34 [0.94] 0.45 [0.86) 0.48 [0.85)
RESET 2.64 [0.12] 0.25 [0.63] 4.97[0,04} 0.76 [0.39]

* ECM; p,= 11.80 - 0.016t + 0.40(C e}, - 0.08PGermany, - 0.20PU.S.A, - 0.05PKorea, + 0.002PSweden, + ¢,
PECM; p,=-8.16 +0.99(CJ/e), + 1L.20PUS.A, + 0.67PKorea, - 0.37PSweden, + €
¢ECM; p,=4.74 - 0.0004t + 0.67(C/e), - 0.07PJapan, + 0.11PGermany, - 0.05PKorca, + 0.13PSweden;+ £

4ECM; p,=0.07 +0.02t -0.68(C/c), +0.28PGermany, + 0.89PUS.A, +¢

' (se) t [Probability under null hypothesis] * Reject Null Hypothesis at a 5% level of significance
ty



Table G-2b

Engle-Granger Ervor Correction Mode! (Extension) for Compact/Midxize Automobiles

ACY),

ECM,,

APJapun,

APGermany,

APUSA,

APKores,

APSweden,

-

R:
D.W.
LM [x¥(D)]
ARCH [x'()]

Normality [%3(2)]

White Test
RESET

Japarn

1985(1)-1990(4)

-0.303
(0.196)"

1.05
(1.14)

-0.39
(0.15)

132
0.27)

-0.04
(0.08)

-0.19
(0.11)

0.12
(0.08)

0.04
(0.11)

0.86
1.76
0.75 [0.49]}
0.20 [0.82]
1.46 [0.48)
N/A
2,77 [0.12)

Germany

1985(1)-1990(4)

-1.169
(0.645)

=577
(3.76)

-0.83
(0.34)

0.62°
(0.16)

0.09
047

0.36
(0.18)

-0.38
0.48)

0.64
2.14
0.15 [0.86]
0.18 [0.84]
0.82 [0.66]
0.39 [0.89)
0.85 [0.37]

US.A.

1985(1)-1990(4)

-1.201
(0.364)

0.27
0.18)

-1.42
0.32)

-1.21¢
(0.29)

-0.36
0.13)

0.03
(0.05)

-0.15
(0.05)

0.07
©.11)

0.80
227
0.95 [0.41]
136 [0.30]
0.12 [0.94]
N/A
1.25 [0.28)

Korea

1985(1)-1990(4)

-1.438
(0.886)

0.92
(0.74)

-1.38
(0.88)

-0.69¢
{0.23)

-0.82
(0.49)

0.26
©.17)

0.78
(0.44)

0.25
041

0.64
1.95
0.01 [0.99)
0.03 [0.97)
2.15 [0.34]
N/A
11.06™[0.004]



Table G-2b cont'd

*ECM; p,= 1543 +0.02t - 0.38(C)), - 0.30¢, - 0.08PGermany, - 0.17PUS.A, - 0.05PKorea, + 0.08PSweden, + ¢,
“ECM,; p,=-0.50 - 0.11(C), - L17¢, + 0.73PUS.A, + 0.62PKorea, - 0.12PSweden, + ©
“ECM; p,=6.56 +0.007t +0.19(C)), - 1.20¢, - 0.13PJapan, + 0.08PGermany, - 0.05PKorea, + 0.22PSweden, + €

YECM; p,=36.44 - 088(CD, - l.dde,- 0.35PJapan + 0.29PGermany, - 1.SOPU.S.A, + 0.02PSweden + &

T (se)

-

{Probability under null hypothesis]
® Reject Null Hypothesis at a 5% level of significanc

Reject Null Hypothesis at a 1% level of significance



Table G-3

Engle-Granger Error Correction Models (Extension) for Large A utomobiles

US.A.
1982.2 - 19874
x 0.787 -0.81
W.192)! . 0.23)
A(CYe), 0.939
(0.205)
AC), 1.06
(0.26)
Ac, -0.64
(0.32)
APJapan, 0.287 0.32
o.nmn 0.12)
APGermany, 0.014 0.02
0.035) 0.03)
ECM,, -1.322" -1.382"
(0.236) (0.240)
R? 0.73 0.75
D.W. 1.96 1.88
LM [£*Q)] [ 297 0.08] 0.82 [0.46]
ARCH [¥*Q)] 0.69 [0.52] 0.14 [0.87)
Normality [x*(2)) 0.34 [0.84] 0.59 [0.75]
White Test 0.31 [0.94] 0.10 [0.99]
RESET 1.11 {0.31) 0.98 [0.34]
Wald Test :
for Rp=r 0.978 [0.34]
{AC; = Ac,}
*ECM: p,= 5.09 + 0.014t +0.78 (C/fe),+ 0.06 PJapan,- 0.02PGermany, + ¢,
"ECM: p,= 5.41 + 0.0141 + 0.67C_ - 0.81¢, + 0.08 Plapan, - 0.02PGermany, + &,
' o(se)

}[Probability under null hypothesis]



APPENDIX H

JOHANSEN PROCEDURE AND VAR ESTIMATION

The following tables summarize VAR regression results based upon the Johansen Procedure uzing PCFIML 8.0

Constant
Trend

P (Jupun),
P (Germany),

P (U.S),

¢ (Japan)

C, (Japan)
¢ (Germany)
C, (Germany)

e (U.S)
C, (Us)

LM F[1,12]

Nomality ¥[2]
ARCH F[1,11}

Vector Statistics:

Portmenteau:

R 2

Subcompact Automobiles

Japan

(1982:2.1988:1)

10.905
(13.712)

0.026
(0.020)

-0.068
0.215)

0.002
(0.080)

0.083
(0.105)

-1.096
(0.446)

3.011
(2.492)

0217
(0.256)

-1.880
(1.975)

0.325
(0.755)

-0.55
(0.641)

2.427 [0.145]
0.560 [0.756]
0.008 10.930]

Ge! »

(1982:2-1988:1)

-19.744
(47.199)

0.098
(0.060)

0.049
(0.646)

0.330
(0.236)

0.395
(0.316)

0.128
(1.340)

11.905
(7.487)

214
(0.768)

-6.075
(5.932)

-0.105
(2.268)

-1.319
(1.925)

0.538 [0.477)
3.250 [0.197)

0.506 [0.492]

AR (1) F(9.19]: 2.868 [0.025]"

Nomality Y[6}

4.430 [0.618]

! Based on the test statistic proposed by Doomik and Hendry [1994].

“ Reject Null Hypthesis at a 5% level of significance.

U.S.

(I1982:2-1988: )

2,858
({4.913)

0.044
(0.058)

0.665
(0.615)

0.169
0.229)

0.086
(6.301)

0.138
(1.275)

4.060
(7.124)

-0.770
0.731)

<0.401
(5.644)

-0.032
(2.158)

-1.781
(1.832)

0.211 10.654]
0.666 10.717]

0.001 [0.971)



Table H-2

CompacuMidsize Automobiles

Japan Germany United States
1985(2)-1990(4) 1985(2)-1990(4) 1985(2)-1990(3)
Constant -10.557 1.276 28.184
(10.542) (46.021 {0.150)
Trend:. 0.010 -0.037 -0.002
(0.012) {0.050) 0011
P (Jupun),, <0.515 2.217 0.401
(0.198) (0.867) (0.191)
P (Germany) 0.059 0.126 0.065
(0.070) {0.306) (0.067)
P (U.8)., 0.114 -0.140 -0.146
(0.207) {0.902) (0.199)
P (Korea),, -0.074 0.156 0.107
(0.071) 0310 (0.069)
¢ (Jupan) -1.310 0.624 1.474
(0.439) (1.914) (0.422)
C, (apan) 6.659 -0.971 -7.931
(2.699) (11.783) (2.599)
e (Germany) 0014 -1.458 «0.133
(0.257) (rzn (0.247)
C; (Germany) 0.476 -4.175 2.234
(1.593) (6.952) (1.534)
c (U.S) 2475 0.031 -3.744
(1.013) (4.423) (0.976)
C,(Us) 0.420 0.654 0.269
(0.310) (1.354) (0.299)
¢ (Korea) -0.397 -1.316 0.073
. (0.419) (1.829) (0.403)
C, (Korea) -0.122 0.970 -0.442
(0.408) (1.783) (0.393)
LM F{1.8} 6.452 [0.035)" 4,120 [0.077) - 4.497 [0.067)
Normality (2 6.121 [0.047}" 0.127 [0.938] 0.230 [0.891]
ARCH Ff1,7} 0.000 [0.995] 1.385 [0.278]) 0.34! [0.578]
Vector Statistics:

Portmenteau:  67.418 AR (1) Ff6,16]. 6.7163 [0.069]

R* 0.9999 Normality Y8} 17.152 [0.028]

' Based on the test statistic proposed by Doornik and Hendry [1994]
* Reject Null Hypthesis at a 5% level of significance.

Korea
1985(2)-1990(4)
-7.010
(50.697)

-0.051
(0.055)

1.162
(0.955)

-0.312
(0.337)

0915
(0.994)

0.265
(0.342)

-0.653
(2.109)

0.959
(12.980)

0.123
(1.239)

1.487
(7.659)

0.592
(4.872)

-0.698
(1.492)

-0.635
2.015

1.002
(1.964)

4338 [0.071)
8.592 [0.014]
1201 [0.309]

H-2



Table H-3
Large A utomobiles

Japan United States
1982() - 198](H 1982(2) - 1988(H
Constant - 11.853
2713
AP (Japan),, 0.406 0270
{0.116) w210
AP (Germany),, 0.087 -
(0.031)
AP (US), - S i74
©.127)
AP (Germany) - 0.086
(0.033)
Ac (Jupan) 0.447 463
(0.197) 027D
Ae (US) -1.040 -1.202
(0.400D) (0.525)
Ae (Germany), 0.204 -
(0.089)
AC, (Japan) -7 903 -2.560
(1.312) (1.770)
AC, (U.S) - 1.050
(0.254)
ECM (Jzpan),, ~1.349" -
(0.148)
ECM (U.8), -0.254 1.503"
0.028) (0.345)
LM F{18} 4,309 0.079] 4.388 10.070)
Normality ¥[2] 0.723 [0.697] 2.548 [0.228]
ARCH F{L7} 0.055 [0.821] 0.017 [0.901]
Vector Statistics:
Portmenteau: 15787 AR (1} F[4,20}: 4.002 [0.015]

R* 0.9999 Normality P[4} 4426 [0.351]

"ECM: AP, = 0.018 + L.000AP,, , + 0.533AP. - 0.3094¢,,,., + 0.811AC] ., + 0.864Ac y5 + 0.639AC, s,

YECM: APy =0.029 + 1.O00AP,; , - 0.367AP,,, - 0.581Ac ;5 + 0.888AC 5

! Based on the test statistic proposed by Doornik and Hendry [1994].

° Reject Null Hypthesis at a 5% level of significance.



APPENDIX 1

This appendix contains all graphs generated by the dynamic forecasting techniques.

Graph I-1
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Graph I-2
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Graph I-4
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Graph I-5
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Dynamic Forecasting for Large Japaness Rutomabiles
Using Johanzen Procedure and VAR Estimation
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Graph I-7
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Graph I-8

DLPLARUS
Forwoasts__

-1

L : Dynanic Forecasts of Large U.S. Automobiles
.asl : Using Engle-Granger Iwa—-Step Procedure

33

~RI3-

3

LY 8 o

-15

1987 1988 1989 199 1931





