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1 Introduction

The extent to which prices of imported goods re@actchanges in exchange rates has

interested economists in for a few decades by fAdwories that treat prices of equal goods
on different geographical markets, such as the dawne price, have earlier ruled out the
possibility of price discrimination. If arbitrageportunities prohibit differing price settings
between geographical regions, this should also ntleaihcompanies who export goods to
foreign markets should keep their prices constantthieir own currency, and let the
destination market price depend on the exchange Talis would mean that a change in the
exchange rate between the exporting country andekgnation markgiasses through full
proportion to the import price, which has giverert® the expressioaxchange rate pass-

through

In reality, however, it has been shown that thed&wne price is often refuted. As opposed to
the case of homogenous commodities being tradetdeoworld market, many goods markets
are differentiated and contain destination-spedéatures, which enable price discrimination
without arbitrage opportunities. This also mearat #xporters can vary their prices in their
own currency to keep destination market prices deval that is optimal for its specific
conditions, such as the level of demand, the elastf demand and the competition level.

Earlier theories have assumed that small open eciesdike Sweden are price takers on the
international market and experience import prided vary in full extent with the exchange
rate. Empirical studies, however, have refuted theory, showing an incomplete exchange

rate pass-through for small economies in sevendiess.

A number of factors that could affect the exchamgk pass-through for Sweden have
occurred in the last two decades; many of the egisntargest trading partners have now
converted their currencies to the euro, the Sweditftion is historically low and stable and
the macroeconomic environment has experienced [fngeuations in terms of economic
activity. | will therefore look at data spanningevithe last two decades and examine whether
pricing to market is present for aggregate Sweatgtorts throughout the period 1990-2009.
Furthermore, | will test if the law of one pricelti® between Sweden and its largest trading
partners and eventually calculate an estimate efpidiss-through rate. These tests and the

estimation are carried out by examining possiblategration relationships, or long run
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equilibriums, between Swedish import and home ngrkiees, the demand conditions on the
Swedish market, foreign producer prices and théa&xge rate, using the Engle-Granger two
step procedure. This method will test the relatijps between the variables based on an
established theoretical model that has been comymusad in previous work on the exchange

rate pass-through.

The structure of the paper is as follows: ChaptezvZews the theoretical background about
exchange rate pass-through and related terminolimdjpwed by a summary of previous
empirical findings on the subject and finally mypapach and motivation for studying the
subject. Chapter 3 treats the method of cointegratnalysis. Chapter 4 reviews the
theoretical model used in the analysis. Chapteederibes the data in this study. Chapter 6

summarizes the empirical results and Chapter ®pteshe conclusions.

2 Literature review

2.1 Theoretical background

Thelaw of oneprice

According to the law of one price, the price ofraded good must be the same on all

geographical markets, when expressed in a commuoenay;
(1) Pi =F X Pi*

E denotes the nominal exchange rate in units of edti currency per unit of foreign
currency, Pthe price of good i on the domestic market in ohdomestic currency, angtP
the price on the foreign market in terms of foresgmrency. In a world economy with perfect
competition, costless transport of goods betweennttes and no trade barriers, this
relationship must hold. Otherwise, arbitrage opjaties would arise. An implication of this
theory is that price levels change when the nonerahange rate changes, and the other way
around. If we assume an initial equilibrium sitoatias described above, followed by a value

increase of the domestic currency, so fhat E x P, , foreign goods will become cheaper



and be preferred by consumers. The decreased deimaddmestic goods will result in a
decrease in the domestic price (P), until equiliforis reached agai.

Goldberg and Knetter (1997) discuss exchange @atesgoods prices in a framework of
integratedor segmented market$hey define an integrated market as one in wthene are
no systematic effects of geography or nationalitytransaction prices for otherwise identical
products. A good example of this is gold, a maiketwhich the location of the buyers or
sellers is basically irrelevant for the terms o€ tiransaction. On the other end of the
spectrum, there is the segmented market. This éstat lacks integration, and where the
terms of the transaction is influenced by the limrabf the buyer and the seller by more than
the marginal cost to physically move the good frome location to another. The authors use
the automobile market as an example of a segmemizdket; additional taxes may be
imposed between national borders and safety andoeanvental regulations may be differing
between countries. In addition, if warranties aexviee are linked to the location of purchase,
almost identical vehicles can be sold at diffeqgmtes in different markets without resulting
in arbitrage opportunities, leading to a violatioh the law of one price. Two different
national markets are thus segmented if buyers reydieally face different prices in a
common currency for the same product. A world mad€ea product is, on the other hand,
characterized as integrated if the law of one phickels for all countries. If it holds between

two countries, the absolute purchasing power péfBP) theory holds between them.

Exchangerate pass-through and pricing to market

The extent to which prices of imported goods réagtominal exchange rate movements can
be defined as thexchange rate pass-througRor the law of one price to hold, it should be
complete, which is the case when the import priedjusted in full proportion to the
exchange rate change. If the import price, on ttleerohand, responds in less than full
proportion to the exchange rate change, the pasagh is incomplete. The practice of
foreign firms to adjust their prices in domestierency in a smaller proportion than the rise
or fall of the exchange rate is known scing to market as labeled by Paul Krugman
(1987), and is essentially a price discriminatinduced by exchange rates. When pricing to

! The review of the theory is based on Williamsod0@).

3



market occurs, the profit or loss stemming froma¢hange in value of the domestic currency
is absorbed by the foreign firm.

According to Krugman (1987), explanations for prgcito market behavior are the occurrence
of imperfect competition, the possibility to pridescriminate between different markets — i.e.
the markets are segmented — as well as dynamibstbrthe supply and demand sides of the
economy. The supply dynamics stem from the costaifily adjusting the marketing and
distribution infrastructure needed to sell the im@d product. If the currency of the target
market suddenly increases in value relative to dhahe exporting country, there is no point
in reducing the prices immediately if there is rapacity to meet the expanded demand. In
addition, if the appreciation is expected to be gerary, the foreign firm will not find it
worthwhile to expand its infrastructure to enallereased sales. From the perspective of the
demand side, short-term price adjustments in respdo exchange rate variations can be
costly. A foreign supplier that unexpectedly raigegprice because of a weakened destination
market currency risks losing reputation and maskeires.

Dwyer et al. (1994) state that the principal deieamts of exchange rate pass-through, in the
absence of other shocks, are the relative prictieilizes of supply and demand. For imports,
the degree of pass-through is expected to be htgkegreater the elasticity of supply and the
lower the elasticity of demand. Perfect market @ooas should theoretically lead to a
complete exchange rate pass-through in the casesmhall open economy, i.e. a country
engaging in international trade but whose actigtioo insignificant to have an impact on the
world market price. Imported goods into this courginould be subject to perfect elasticity of
supply, since the country is a price taker on tlmeldvmarket. Dwyer et al. (ibid.) further
argue that, irrespective of the elasticities of@ypnd demand, the exchange rate pass-
through can be affected by macroeconomic conditibos example, when domestic demand
Is strong or capacity is constrained, the passdtittas expected to be high irrespective of the
elasticities. Conversely, a weak domestic demanlkbwrcapacity utilization has a negative
effect on the pass-through, since foreign suppheesmore likely to squeeze their margins in

that macroeconomic environment.

Figure 1 below, as shown in Adolfson (1996), ilfages how different elasticities of demand
affect this rate. Assume that Bepresents an elastic demand curve in the impodinmtry
and S is the foreign firm’s supply curve, resultinghe import price and quantity shown in

point A. In a situation where the domestic currem@akens, customers are willing to pay
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less in foreign currency for the imported produstiifting the demand curve down tq DThe
resulting price and quantity is now displayed innpdC. For a more inelastic demand, as
shown by B, the exchange rate change leads to a shift in dereal; . The new equilibrium
is in point B, which corresponds to a higher piiilcdoreign currency than in point C. The

pass-through will thus be larger when domestic dehia more inelastic.

Import price
(foreign currency)
A

4

Ll £
Quantity

Figure 1. Exchange rate pass-through with
different elasticities.

A practical implication of the pricing to marketgriomenon is the limited effect that a rising

or falling domestic currency will have on the er@rbalance of payments and the domestic
inflation. Krugman (1987) states that a declinimgmestic currency is expected to contribute
to an increased inflationary pressure, but thatodeirrence of pricing to market and thus an
incomplete pass-through means that this effect lagll overestimated. Hooper and Mann

(1989) conclude that with an incomplete pass-thinotage, a weakened domestic currency
could be less effective in creating an adjustmernhé external balance of payments, but they

also mention the upside, which is the lower prolugtof a fueled inflation.

2.2 Previous empirical studies

In recent decades, a large number of studies haen lperformed that examine the
relationship between exchange rate fluctuationsaims of imported goods. Initially, they
were most often focused on larger economies sutheadnited States. From the mid 1990’s

and onwards, however, papers that examined smatl eponomies became more common.



Menon (1993) studies the exchange rate pass-thrmuighport prices of manufactured goods
in Australia, using quarterly data between 1981 a862. He finds that the exchange rate
pass-through is incomplete and that the importeprésponds only to a share of 66 percent of
the exchange rate movement. The assumption of #issts a price taker is thus rejected,
contrary to the theory regarding small open ecoesmilhis is, according to Menon, a
reasonable explanation of the fact that importsaieed high following a strong depreciation
of the Australian dollar in the mid 1980’s (desthigh elasticity of import demand).

Dwyer et al. (1994) perform a similar examinatiorihwdata from the time period 1974 to
1992. As opposed to Menon, they find a full long npass-through (93 percent), which
satisfies the case of the small country. In thatehaun, however, the import price response
is incomplete. An exchange rate movement leads rtoinaport price response with
approximately 50 percent during the same quartezreds full pass-through is reached in
about one year. An explanation for the differingidasions between Menon'’s study and that
of Dwyer et al. is that in the latter, world expegrices are used in the estimation instead of
foreign production costs. The world price index draees inappropriate for small economies

since it corresponds to pricing decisions to altkats.

Another paper with the same issue in focus is gn&léug & Nymoen (1996), who study
Norwegian import prices. They find a cointegratioglationship between import prices,
foreign prices, the exchange rate and domestic labdur costs. The latter are used as an
approximation of the prices of import competing d®oThe long run pass-through in their
study is 63 percent, which means that a 1 perogmtediation of the Norwegian Krona leads
to an increase in import prices with 0.63 percérte conclusions of their study are in

accordance with the pricing to market hypothesis.

Adolfson (1996) conducts a study on the effect xdhange rate fluctuations on aggregate
Swedish import prices with the Engle-Granger twepsprocedure She uses aggregated
monthly data from the period 1980:1 to 1995:5. El@nclusion is that the pricing to market
hypothesis also holds for Sweden. However, she geatsgative sign in the regression. A
pass-through of -69 percent indicates that a legmemdepreciation of the Swedish Krona leads

to an import price decrease of 0.69 percent, wiaatounterintuitive according to the theory.

2 See chapter 4 for an explanation of the method.



In the dynamic model she constructs to examinetsharfluctuations, the immediate impact
of a change in the exchange rate is 9 per centyéihth two months the pass-through is 22
per cent. An explanation for the wrong sign in limeg-run regression could be that the time

series is too short, since this method asymptdgishlould work according to the autfor

In a later paper, Adolfson (1997) examines the seateeto Sweden on a disaggregate level,
using Johansen’s maximum likelihood procedure. Sdraple period is also in this case 1980-
1995. She finds that the estimates of long-run-gfasgigh indicate an incomplete rate in the
majority of the eight industries in focus, with atigering around 80 %. The average long-run
pass-through for the sample is 65%. For oil pritks, pass-through is full and immediate,

which supports the theory of the price a homogergnad traded on an integrated world

market. The pass-through rate is also estimatetbéat (87 percent), metals (60), machinery
(-278) as well as electrical machinery, transpqttigment and chemicals, which are clustered
around 85 percent.

Campa and Goldberg (2005) study exchange ratetpemsgh to import prices in 23 OECD

countries, using quarterly data from 1975 to 2008ey estimate the average rate to 64
percent over the longer term for aggregate importthe whole sample of countries. For
Sweden, the number is 38 percent for the aggregateple. They also estimate the
disaggregated long-run pass-through rates to Sweatefood (85 percent), energy (-164),

raw materials (11), manufactured (66) and nonmanturfad goods (-66).

Mishkin (2008) summarizes the findings of a numbkprevious studies on exchange rate
pass-through — not including the Campa and Goldipager (2005) — and concludes that
nominal exchange rate depreciation throughout thistienerally has been associated with
higher inflation. More recent examples include trapid currency depreciations and

subsequent high rates of inflation that some camtexperienced after the breakup of the
Bretton Woods System. However, macro evidence fitmrlast two decades suggest that the
correlation between nominal exchange rate depreniand consumer price inflation has

indeed weakened significantly, which according hese studies is the result of improved
monetary policies and more stably anchored inflatéxpectatiorfs To illustrate this he

® Personal communication, May25010.
* See Mishkin (2008) p. 3-4 for a list of references



compares two different periods of currency deptemiaand the resulting inflation; the
Swedish Krona depreciated with an average of Sgp¢rannually against the German Mark
between 1973 and 1985, a period over which Swedemsial inflation rate was around 4
percentage points higher than Germany’s. When Swadd the United Kingdom withdrew
from the European Monetary System’s Exchange Raehlsinism (ERM) in 1992, on the
other hand, inflation was low in both nations. 1893 and 1994, the cumulative nominal
depreciation of the Swedish Krona was 9 percengreds inflation only amounted to 3
percent. The pound fell by 15 percent over the sper®d, and the inflation in the United

Kingdom was contained to 2 percent.

Campa and Goldberg (2005) also indeed find in tis¢idy that countries with lower
exchange rate volatility and inflation have loweaasg-through rates. Another interesting
conclusion is that the rate has declined over fionenany of the countries in the sample, a
fact that according to the authors mostly stem feoahange in the composition of the bundle
of imports. When controlling for both exchange ratdatility and the type of goods that the
countries import, it turns out that the latter igre important for explaining this decrease.
Since pass-through for manufactured products gkyesalower than for energy and raw
materials, this change in weights has a negatifextedbn aggregate pass-through. The article
does however not mention which of the countrieshe sample that have decreasing rates

over time, i.e. nothing is mentioned about Swedethat matter.

Judging by the outcome of previous studies, a vpisesl consensus seems to be that the local
prices of imported products in general do not ragpto exchange rate changes to a full
extent. In other words, the empirical results séemefute the existence of the law of one
price and the view of the world market to be inatgd. Goldberg and Knettel (1997)
summarize that the law of one price is mostly edyutand add that “a significant portion of
the muted price response can be attributed tondgtn-specific changes in markups on

exports.”

Other concluding remarks in Mishkin’s (2008) revieware that the combination ddcal
currency pricing(LCP), where the exporting firm sets the pricel& good in the currency of

the country to which it exports, together with noaliprice rigidities, are partial explanations

® See Mishkin (2008) pp.8-11 for a listing of theppes he refers to.
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for low exchange rate pass-through, particularlthe short run. This as opposedptoducer
currency pricing(PCP), which is the opposite situation and theeefionplies a full pass-
through. Following the LCP logic, it should be pautarly low to a large economy like the
United States. When studying the results of Campuh@Goldberg (2005), larger economies
like the United States and Germany do indeed shery low rates in most of the goods
categories, but this negative relationship betweamtry size and pass-through rate is not
consistent throughout the sample. They find noisagmt relationship between country GDP

and pass-through rate.

Regarding the discussion of how prices of impoffech consumer prices, Mishkin (2008)
adds thadistribution costamake up a substantial part of the retail pricengforted goods.
These are relatively insensitive to exchange atelss, which thus contributes to a reduction
of the exchange rate pass-through to consumerallysioross-border productioran reduce
the pass-through. In an internationalized econamigre production stages are separated into
a number of different countries, the final good nmagorporate costs in different currencies

whose movements may not be positively correlaiesljlting in a lower pass-through.

2.3 My contribution

After a look at previous literature on the subjesstyveral factors have been reviewed as
possibly influential on the exchange rate passtiiinoto import prices. The last of these
studies included data until 2003. During the lasicatle, several events of strong
macroeconomic significance have occurred that nekeview of the exchange rate pass-
through including more recent data interesting. ©héhem is the introduction of the euro.

Among Sweden’s ten largest trading partners througthe last two decades, measured in
import value, six are euro countries and have sged around 40 percent of the imports
during this time period. Furthermore, two largeremic crises, the dot-com bubble and the
credit crisis, have occurred in the 2000s. The argk rate-variability has been high for the
SEK, displaying the typical pattern of a small emey over booms and recessions.

Comparing with earlier decades, the annual inflatias also been very low.
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Figure 2. Annual inflation in Seen 1970-2009. Source: SCB.

Considering the above, | will take a look at thehleange rate pass-through to aggregate
Swedish import prices for the period 1990-2009ahtwto examine whether pricing to market
is present for this sample period, if the law ofqorice holds and also try to obtain an
estimate of the pass-through rate. This will beedwith the method and theory which are

described in the two following chapters.

3 The method of cointegration analysis®

3.1 Stationary and nonstationary time series

Economic theories like the law of one price asstina¢ there is a long-term, or equilibrium
relationship, between the one hand the domesti® pevel P") and on the other hand the
foreign price expressed in domestic curren€p*j. The same goes for exchange rate pass-
through. If import prices are adjusted in full poogon to changes in the exchange rate, which
is the definition of a full pass-through, theraisne to one relationship between import prices

(P™ and foreign prices measured in the importing tgtscurrency (EP.

The movements of economic variables — such asritbe above — over time can be described
as stochastic processes, since they are realiZegsvéhat depend on the economic and
political climate at the time being. #tationary stochastic processone where the mean and
variance of the series do not vary over time, the. series tend to return to its mean and
fluctuate within a more or less constant amplitutlethis is not the case, we call it a
nonstationaryvariable Economic variables, like those described abovechwhre driven by

® This chapter is based on Gujarati (2003).
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the supply of money, often show a nonstationaryepatover time. When a regression is run
on two nonstationary variables, a relationship leetwthem may be shown in the results,
even if no meaningful connection exists. The vdesbmay each be growing for different

reasons and at uncorrelated rates. This is cgledais regression.

If a time series Yis nonstationary but becomes stationary when egpces first difference
form, orAY; =Y; — Y;_;, the series is said to be integrated of the @rder which is denoted
as I(1). In another statistical terminology, it tains a unit root. If a time series need to be
differenced twice to become stationary, it is inggd of the second order and contains two
unit roots, and so on. When the differencing hale@oned times, Y is integrated of order

d, which is written as I(d). A time series that imt®nary without being differenced is

integrated of order zero, 1(0).

There is however the possibility that a linear corabon of two nonstationary variables is

stationary. If they move together, the linear camakipn cancels out the trend, and we get a
meaningful regression. The variables are said tooog@egrated, and there exists a long-term,
or equilibrium relation between them. A prereqesior this, however, is that they are

integrated of the same order. To be able to exarthie exchange rate pass-through, we
therefore need to test whether our variables degiiated of the same order. If this condition
is fulfilled, we can analyze the relationships betw the import price, the exchange rate,

foreign producer prices, the activity in the Swadisonomy and home market prices.

3.2 The Dickey-Fuller test

To test if a time series variable is stationaryné root test, also known as a Dickey-Fuller
test, is performed. The value of a time seriesaldei Y; can be written as:

(2) Yi = pYeoq +ue

where yis the error term. Ip = 1, we have a so called random walk model whezevailue of

Y equals Y; plus a random shock caused by the error term. fiiis series will have a
constant mean, but its variance increases overdimdethus it is non-stationary. We can also
say that whem = 1, the series contains a unit root. If, on thigeo hand |p| < 1, the time

series is stationary.
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To be able to perform our analysis, we need toitéke time series we want to examine are
stationary or not, in other words, to test the gatdi p. The equation is first rewritten; we

subtract Y., from both sides of the equation:

(3) AYy =pYer =Yg tug = (p— DYy +ug
which also can be written as

(4) AYy = BYp—1 +ug

wheref3 = (p — 1) andA denotes the first-difference. The unit root testhien performed to
study whethep is significantly different from zero. If that ib¢ case anfl is negative, the
series is stationan(cannot take on a positive value since this womlgly thatp > 1). If B,

on the other hand, equals zero, we conclude thatnibn-stationary. Since thevalue of the
coefficient does not follow thedistribution under this test, but rather théau) distribution,
the estimate@ coefficient is compared to the relevant criticatk2y-Fuller values. There are
three versions of the Dickey Fuller test, whichwdbddoe performed if the actual nature of the

time series is uncertain. One to test whether ¢nesis a random walk:
(5) AYy = BY—g + ue

and two other versions to test whether it is a oamavalk with drift (equation 6 below) or a
random walk with drift around a stochastic trengd (7

(6) AY; =6, + BYiq +u;
(7) AYt = 61 + (SZt + BYt—l + ut

In all three cases, the tests are run with the myplothesis thap is zero and that the series
thus is non-stationary. Only the mean of the vaeiabll be different between the three cases

above.

The procedure is simply to estimate the above @nstwith the ordinary least squares
method (OLS) and divide the estimafedoefficients with their standard error to receikie
tau statistic. If the absolute value of the tauistia exceeds the critical value, i.e. tfe
coefficient is significantly lower than zero, theries is stationary. If the error term is serially

12



correlated, we extend the test to do an augmentekeip Fuller test, where lagged values of

the dependent variable are included. In the casgadtion (4), it looks as follows:

m
@) AY, = o+ BYe s + ug + Z 8iAY,; + &

i=2
whereg; is the error term and where lagged difference tearesadded until the error term is
serially uncorrelated. The null hypothesis is dtié same is in the original equation. The
serial correlation is tested with the Breusch-Gegf{B-G) test, in which the residuals in the

above equation are regressed on their own lagdeds/a

3.3 Cointegration analysis with the Engle-Granger test

We know that a linear combination of two non-sta#ity time series — but which are
integrated of the same order — may be stationahy¢chwis the case when their stochastic
trends are cancelled out. This possible cointemmatior long-run relationship, can be
examined with an Engle-Granger test. A variablecgntaining one unit root, regressed on
another variable, xwhich also has one unit root, will in the equatign= ax; + u; have a
stationary residual, expressed @s=y; — ax;, if the variables are cointegrated. The two

steps of the Engle-Granger test are thus to:
1: Regressyon x in the equatiory, = ax; + u;

2: Test if the residual; = y, — ax; contains a unit root with a Dickey Fuller test, by

running the regressioAil; = fii;_4.

If the residual is stationary according to the @giEuller test, i.ef < 0, the variables pand

y: are cointegrated.
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4 Model of import price determination

With the practice outlined in the previous chap#ecointegration analysis will be performed

on a theoretical import price model described below

4.1 Theoretical model

The theoretical framework, model specification asdtup of possible cointegration
relationships presented in this chapter is basetH@oper and Mann (1989) and has been
commonly used in previous papers on exchange es@fhrough The definition of the pass-
through, as used in this analysis, is the pargabhdtive of the import price with respect to the

nominal exchange rate.

We illustrate the determination of the import primeseeing it as a variable which is deduced
from the producer’s marginal cost together with arkap that is specific to the destination
market. Because of the market dynamics discussadously, foreign suppliers are expected
to have some degree of control over their priceinggt which results in a price above
marginal cost. The price in the foreign producetsency thus becomes:

9) P* = AC*

By multiplying the foreign currency price with th@minal exchange rate, we get the import

price in the importing country’s currency:
(10) P™ = EP* = EAC*

The markup is variable and dependent on the levebmpetition among suppliers as well as
the demand pressure on the market. A proxy fotebel of competition is the ratio between
the general price level for import competing goglsre the home market price index) P
divided by the foreign company’s production costeasured in domestic currency. The
higher the ratio, the larger is the markup. Anottaetor to take into account is the demand
pressure on the destination market, since a higaerand means a possibility set a higher
price. We therefore let the GDP be an approximdbomemand.

" Hooper and Mann (1989), Menon (1995), Adolfson9@)9 Adolfson (1997), Wickremasinghe and Silvapulle
(2004)
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The markup can thus be written as:

ph\*
(11) A= <C*E> X GDPP

Inserting equation (11) into equation (10) leteupress the import price as:

ph\*
(12) P™ =E x C* (—) x GDPP

C*E
We rewrite the equation in logarithmic form, angeess logarithmic values with lower-case

letters:
(13) p"=e+c"+ (x(ph —e— c*) + Bgdp

Production costs of the foreign supplier are apipnated with an index over foreign producer
prices (f). The Activity Index (ai in logarithm values) ised as a proxy for gdp:

(14) pm=e+pf+oc(ph—e—pf)+ai
After rearranging, we get:
(15) p™ = (1 — a)e + ap® + (1 — «)pf + Bai

The pass-through coefficient (103 denotes the extent to which an exchange rategehan
affects the import price. It = 0, the pass-though is complete and the exchaatge
fluctuation is fully passed through to the imporicp. As can be seen in equation (15), this
value of theu coefficient also means that home market conditigfsare irrelevant for the
determination of the import price. Wher= 1, on the other hand, the pass-through is zero.
this case, an exchange rate change has no effebeamport price, and will be absorbed by
the foreign producer’s profit margin. In this sitioa, the domestic price level determines the

import price.

Equation (15) can be rewritten to show the proférgin as a function of the home market
price and the foreign production costs. Wher 0, a depreciation of the local currency’s
value relative to the foreign producer’'s means,tlcateris paribus, its profit margin is

reduced;

15



(16) pm—e—pf =a(ph—e—pf)+8ai

4.2 Possible cointegration relationships

Derived from the theory and equations in the presichapter, we can now set up three

possible cointegration relationships that we witi@ine with the Engle-Granger test:
Ho1:p™—e— pf ~ 1(0)

The above hypothesis will be tested to find oudri€ing to market is present in our sample of
Swedish import prices. If the pass-through is catgyla cointegration relationship exists
between import prices in SEK"pand foreign producer prices measured in SEK (§§.The
import price will then be adjusted in response xahange rate fluctuations, so that the
relationship over time returns to a mean whichaestant. Written in log-linear form, this
will result in an integration of zero order, I(@f the variableTM = p™ — e — pf which
equals our null-hypothesis above. If import pritcesSweden, on the other hand, do not
respond in full proportion to an exchange rate gearthe PTM variable will be non-
stationary. This is the case when pricing to markeprevalent. This is easy to see when
looking at H; above and imagining an increase in e whileamd premain constant. The

ratio between them will then change over time.

Our second null-hypothesis originates from the theaf the law of one price. We will

examine if it holds or can be refuted, with the:tes
Hpo * ph —€— pr 1(0)

This is the ratio between the general price lemebiveden for import competing goods)(P
and foreign producer prices measured in domesticecy (e + f), and as mentioned
previously, it is used as a proxy for the levetompetition on the Swedish market. Referring
to the theory, if the law of one price holds sat thaitten linearly, P = EP*, the relationship
between the variables should be constant, i.e.*P£ER If the variables are cointegrated, the

law of one price holds. Otherwise, this relatiopshiviolated.
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If it turns out that neither Hnor H, holds, there is still a possibility that a relattip exists
such that a combination of them is stationary. Thisxpressed as:

Hos : (p™ — e —p") — a(p" — e — p’) — Bai ~ 1(0)

An interpretation of iz is that if the ratio (B - e — ) between import prices and foreign
producer prices is changing — i.e. pricing to maikeprevalent which results in a changing
profit margin for the foreign firm when the exchangte changes — an explanation is found
in a changing competitive environment ¢pe — ) and demand (ai). The last equation will

also allow us to obtain an estimate of the passdtyin rate (lo).

5 Data

For the empirical analysis, monthly data for theique January 1990 to December 2009 has

been collected. Indices over import prices and hamaeket prices have been gathered from
Statistics Sweden (SCB). From nine different gooategories, aggregate import price and
home market price indices have been constructedhtisample period, weighted with the
import shares of the respective categories. Theoreghat | simply did not use total price
indices is that | hoped to be able to match theseposed indices better with the foreign
producer price indices that were used. The latterewretrieved from the OECD Main
Economic Indicators database and the included saogpisists of producer price indices from
the teff largest exporting countries to Sweden, weighteairey each other with their internal
distribution of import shares. Ideally, the anadyshould be done with producer costs, but
since | could not find such indices, producer ieere used as approximations.

As a proxy for the exchange rate between the SEKthe currencies of Sweden’s trading
partners, the TCW index from the Riksbank is u3éuls is constructed to reflect the value of
the SEK versus a weighted composition of currencgsesenting Sweden’s largest trading

partners.

® These countries are Belgium, Denmark, Finlandnéea Germany, Great Britain, Italy, the Netherlands
Norway and United States.

° See appendix for a detailed description of thedipfhome market and foreign producer price index.
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FigureThe TCW index.

As an approximation of the demand on the Swedistk@hathe GDP intuitively seems most
appealing. Since it is measured quarterly data,elvew the seasonally adjusted Activity
Index from SCB is employed in this analysis. Thlisai monthly index measuring industrial
production, hours worked in government agenciekessan retail trade, and exports and
imports of good¥. This index is in most senses identical to GDR, dees not include

investments and exports and imports of servicesinflices used in the analysis have been

normalized so that January 1990 is the defaultevalu

6 Empirical results

6.1 Integration order of the variables

A look at figure 4 to 8 below, which depict logaric index values of our series, suggest
that the variables exhibit an increasing trend diree and are non-stationary. Due to the
obvious nature of the time series, an augmentekepi€uller test with a constant and a trend

is carried out.

% The Activity Index has been discontinued by SCBoh$ebruary 2010 due to “uncertainty about theadat
quality”, according to the web page. However, sitiee index values are adjusted as soon as thd [af@B
measurement is published, they should be a goodhtyaapproximation for the GDP ex post.
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Figure 8. Logarithm values of the Activity Index.

The results of these tests confirm that all searesnonstationary. None of the null-hypotheses
that the series contain a unit root is rejectedbther words, all the variables are integrated of
at least the first order and thus contain one orenomit roots. The examinations whether the
series are integrated of a higher order than tisé dre then done with Dickey Fuller tests on
the first-difference of the variables. We can geenftable 1that this is not the case, since we
can reject each null-hypothesis of nonstationasitythe one percent level for all variables.
The conclusion is therefore that since all thealdes are integrated of the same order, i.e.

contain one and only one unit root, they can atsocdintegrated.
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Level Number of First difference
Variable ADF Statisticspl estimate Hy lags B-G ADF Statistics B1 estimate
p" -2.95 -0.056 Not rejected 1 1.17 -9.51 -0.79
p" -1.69 -0.022 Not rejected 1 0 -10.01 -0.88
p" -2.58 -0.031 Not rejected 1 0.71 -7.34 -0.50
e -2.80 -0.042 Not rejected 1 0 -9.41 -0.71
ai -0.40 -0.002 Not rejected 1 1.90 -16.35 -0.87

Table 1. Augmented Dickey-Fuller test with intercapd time trend. The critical values to rejegtdte -3.99
(1% level) and -3.43 (5%). For the B-G test, augadbove of 3.84 means that we can reject thehyplbthesis

of no autocorrelation on the 5% level. The 1% lexsdlie is 6.63.

6.2 Cointegration results

Pricing to market
If import prices to Sweden are adjusted in fullgmdion to an exchange rate change, the ratio
between thesepl’) and the foreign producer prices measured in SEK gf), will be

constant. In other words, the variaBlBM=p™- e - p’ will be stationary, as formulated in the

null-hypothesis k1. A plot of this variable is displayed in figure 9.
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Figure 9. Logarithm values of'p e - (.

We can observe a decreasing tendency of the PTMbkarover time. A strong decrease
occurred in 1992 when the SEK was changed fromdfite floating, which shows that
Swedish import prices did not increase in the sproportion as the SEK depreciated due to
the float. An almost equally incomplete pass-thtowgcurred when the SEK recovered in
1995-1996. The Dickey-Fuller tests confirm nonsiadrity of the time series and the fact that
pricing to market is present.
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Level Number of First difference
Variable | DF Statistics |1 estimat | Reject H |lags B-G ADF Statistics | 1 estimate
p"-e-@ |-1.79 -0.034 No 0 0.952] -13.12 -1.33
Table 2. Dickey-Fuller test with intercept. Criticalues: -3.75 (1%) and -3.00 (5%). Critical B-@lues: 3.84
(5%), 6.63 (1%).

Thelaw of oneprice

To examine whether the law of one price, or theclpasing power parity, holds between
Sweden and its foreign trading partners, we exarttigerelative price levep? — e — pf

plotted below.
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Figure 10. Logarithm of the relative pricB-pe — p

Like the PTM variable it shows a decreasing treamdi its non-stationarity cannot be rejected

by the Dickey-Fuller test. We can therefore coneltitht the law of one price is rejected.

Level Number of First difference
Variable | ADF Statistics31 estimat | Reject H |lags B-G ADF Statistics | B1 estimate
p'-e-g¢ [-1.364 -0.015 No 1 0.0 -9.713 -0.777

Table 3. Augmented Dickey-Fuller test with intercepritical values: -3.75 (1%) and -3.00 (5%). et B-G
values: 3.84 ( 5%), 6.63 (1%).

We also want to examine if there is a cointegratieiationship between the home market
price, the exchange rate and foreign producer griae expressed inghl The regression of
home market prices on the exchange rate and fopighucer prices gives us the following

estimation results:
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(17) pl' = 0.452e, + 0.556pf + u,

Standard error (0.015) (0.015)
t statistics (29.938) (36.843)

To examine a possible cointegration relationship,de a Dickey-Fuller test on the residual,

which is shown below.
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Figure. Residual of the relative price regression (17).

Level Number of First difference
Variable | ADF Statistics|pl estimat | Reject H |lags B-G ADF Statistics | p1 estimate
U -2.71 -0.057 No 1 0,0 -9,713 -0,777

Table 4. Augmented Dickey-Fuller test with intercepritical values: -3.75 (1%) and -3.00 (5%). ©at B-G
values: 3.84 (5%), 6.63 (1%).

The Dickey-Fuller test about nonstationarity canhetrejected. The mean appears to be
constant, but the variance is changing over timethe case of stationarity between the
variables, the coefficient of 0.452 would tell ¢t a change in value of the SEK with 1
percent leads to a change in the home market pri€sveden with 0.452 percent, when the

foreign producer price is held constant.

Pricing to market and therelative price

Even if pricing to market is present and the lawooé price violated, there can still be a
relationship such that the import price is expldibg the relative price level between Sweden
and other countries. To study if this the casepiategration test is done between the import

price relative to foreign producer pricélsam —e— pf) and the relative price between the
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Swedish and foreign markets(p" — e — pf). A stationary relationship between these

variables is how the null-hypothesis fivas expressed.
To obtaina, we do the regression:

(P — e. — pt') = a(p — ec — py) + Baic+u
and get the following result:

(p™ — e, — pY¥) = 0.986(p! — e, — pf) + u,

Standard error (0.001)
t statistic (1003.140)

Given that the residual is stationary, this wouldam that when the relative price increases
with 1 percent, the relationsh(g»{n —e — p{) increases with 0.986 percent. This value.of
gives a pass-through coefficient of (1- 0.986) @&1@, meaning that home market conditions

will be decisive for the pass-through.

A plot of the residualu, = (p — e, — pf) — 0.986(p" — e, — pf) in the figure below
however shows that it tends to fluctuate aroun@resstant mean during the first half of the

sample, but that this mean appears to increase asove forward in the time period.
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Figure 12. The linear combination(p e — p) —a(p"— e — P.

The Dickey-Fuller test confirms this suspicion. Téreor-term is non-stationary, which leads

us to the conclusion that variables are not conatieg.
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Level, ADF Number of First difference
Variable Statistics B1 estimat | Reject H |lags B-G ADF Statistics | B1 estimate
pPT-e-p
a(p’-ep) |-1.7692 -0.023 No 1 0.952 -10.1047 -0.869

Table 4. Augmented Dickey-Fuller test with intercepritical values: -3.75 (1%) and -3.00 (5%). ©at B-G
values: 3.84 ( 5%), 6.63 (1%).

A rejection of H 3 is problematic for our analysis since a nonexisent cointegration
between the variables means that the regressifpiof e, — pf) on (p!' — e, — pY¥) — aiy is
spurious and the pass-through coefficient (thestimate) is not meaningful. Given our data
and methodology, we are unable to estimate theasqgsh rate pass-through to aggregate

Swedish import prices.

6.3 Discussion of the results

In the results of our aggregate sample of impootdpct categories, we could conclude that
pricing to market is present in imports to Swedeoughout the sample, meaning that import
prices do not react in full proportion to a changéhe exchange rate. It shows that exporters
can set different prices in a common currency tffedint markets because they are
segmented and prohibit arbitrage opportunitiess Thiin line with previous studies on the
exchange rate pass-through and confirms that #®ceeing the small open economy as a
price taker contradicts the growing empirical biterre.

Neither is the relative price between products loe Home and foreign market constant, as
tested in H,and the law of one price can therefore be rejedtgdmining the relationship
between the included variables — the home markeé pthe exchange rate and the foreign

producer price — the test rejected our null-hypsighef cointegration.

Moreover, no cointegration existed between thetixaegrice level and the profit margin of
the foreign firm, expressed inghl We were thus not able to compute the exchangepiass-

through, defined agl — o) in the main equation:
p™ = (1—a)e+ap® + (1 — a)p’ + Bai.
In my data sample, | chose to include the ten Ergeporters to Sweden during 1990-2009.

The ranking of the largest exporters has of cowutsnged over time and in 2009 alone,

China, was the eight largest exporter to Swedeteims of value of imported goods. If

24



countries whose parts of the import price indicagehincreased while their producer prices
are not matched properly, the data can of coursdidterted relative to that we want to

measure.

Lack of foreign data on a properly detailed levadl ahe approximations that have to be done
can be another problem. In my aggregate sarhpdeg., computers, which have shown a
decreasing trend in price level, was a large categothe import and home market price,

whereas it is unclear exactly how the OECD Main riecpic Indicators for individual

countries are compos&d

7 Conclusions

In this paper, | have examined the relationshigs/&en weighted aggregate price indices for

imports, the home market, the exchange rate arglgiorproducers, with the ambition to

obtain an estimate of an aggregate exchange ragtpaugh for import prices to Sweden.

Using an established theoretical model that expeesise import price as a function of the
competitive situation and the demand on the destimanarket, the Engle-Granger two step
procedure is carried out to examine possible cgraten relationships between the variables.
It could be concluded that pricing to market issgrg for Swedish imported goods and that
the law of one prices is violated for this timeipdr Furthermore, no cointegration exists in a
linear combination including all variables, whichnecessary to obtain an estimation of the

pass-through, confirmed not to have arisen becalusjgurious regression.

During the 2000’s, several significant macroecoroewvents have occurred that makes a
review of the exchange rate pass-through mechatusBweden interesting. A large number
of Sweden’s most important trading partners havegoduced a common currency.

Furthermore, the fluctuation in economic actividahe slump following the deep recession

| collected data for different industries and damsted a weighted aggregate sample instead ofgaking for
total imports and producer prices. The reasonHisrwas that | wanted to examine the pass-throatgghon the
disaggregate level as well. However, when testimgbintegration for manufactured goods, the resutre the
same as for the aggregate sample, i.e. the vasialdes not cointegrated.

12 No detailed information on the composition of gsaulthe samples is provided on the OECD webpage.
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after the credit crisis is of historic proportioh.reduction in inflation due to an improved
monetary policy and anchored inflation expectationght also contribute to the direction of
the pass-through. | was however not able to distieenmet effect of these factors with the

methodology used in this paper and therefore l@aeeuture research.
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Appendix

Definitions of the priceindices

- p" = Weighted aggregate Swedish Import price index1 1990 = 100. Source: SCB,

Statistics Sweden.

- p" = Weighted aggregate Swedish Home market pricexintsn 1990 = 100. Source: SCB,

Statistics Sweden.

The above weighted aggregate indices were consttutom individual indices of the

following SPIN 2007 categories:
- 6.1Crude petroleum
- 10 Food products
- 20 Chemicals and chemical products
- 24 Basic metals
- 26 Computer, electronic and optical products
- 27 Electrical equipment
- 28 Machinery and equipment n.e.c.
- 29 Motor vehicles, trailers and semi-trailers

- 30 Other transport equipment

The weighing is based on import shares in 2009 vivere distributed as follows:

Crude petroleum 6.4%
Food 11.2%
Chemicals 16.3%
Basic metals 9.1%

Industrial products (26-30)57.0%

- p' = Weighted aggregate foreign producer prices irgiBet, Denmark, Finland, France,
Germany, Great Britain, Italy, the Netherlands, Wy and the United States. Constructed
with weights based on import shares to Sweden 092Chemicals and industrial products
are approximated with producer prices in manufactigoods. For crude petroleum and basic
metals, world market price indices are used. SoudteCD for producer prices and SCB,

Statistics Sweden for import shares.
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The country weights are distributed in the follogiivay:

Belgium 6.03%
Denmark 10.53%
Finland 5.88%
France 8.84%
Italy 4.02%
The Netherlands 9.93%
Norway 12.42%
Great Britain 8.14%
Germany 28.47%
United States 5.75%
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