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Abstract:

Macroeconomists from all over the world have always been interested in the influence of the inflation
differential on the nominal exchange rate. This research paper focuses on the application of inflation
differential theory to the US economy and one of its main trading partners - Canada. The primary aim
of this paper was to prove that inflation differential affects the nominal exchange rate of the American
dollar to the Canadian dollar. Secondary aim was to determine whether inflation differential and
exchange rate depend on their previous values. This task was fulfilled by usage of VAR approach,
which is considered to be standard econometric tool for stationary time series analysis. It was found
out that inflation differential depends on its previous value, while exchange rate does not. Selected
approach turned out to be unable to prove or disprove that inflation differential affects USD/CAD
exchange rate. More variables should have been included in regression analysis, because inflation
differential aloneis not sufficient to explain changesin USD/CAD exchange rate.
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1. Introduction

Inflation differential theory is closely connectetith purchasing power parity theory (we refer
to it as PPP in following reading) and with conceptreal exchange rate. Inflation differential is
defined as difference between inflation rates a twuntries. According to CNB, real exchange rate i
defined as the ratio of the price level abroad theddomestic price level, where the foreign praeel
is converted into domestic currency units via tbherent nominal exchange raf€he real exchange
rate tells us how many times more goods and sergae be purchased abroad (after conversion into a
foreign currency) than in the domestic market fogigen amount. Relationship among nominal
exchange rate, real exchange rate, domestic met &nd foreign price level is:

Pgq

e=exy (1)

wheree denotes nominal exchange radelenotes real exchange rafa,denotes domestic price level
andP; foreign price level.

Absolute form of PPP is linked to law of one pramed works with assumption that the real
exchange rate)is equal to 1 and remains at this value underi@umstances. It means that value of
domestic goods (consumer basket is usually usedrashmark) expressed in domestic currency is the
same as the value of foreign goods (value of forgjgods is converted into domestic currency via
nominal exchange rate). Therefore potential changeominal exchange rate (e) must be caused by
changes in price levels. We can rewrite equatigpmntd following equation, which is known as above
mentioned absolute PPP:

—Pa
e = @)
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Relative form of PPP, which is usually used in aiopl research, can be derived from its
absolute form. We rewrite equation (2) as:

Py = e x Py, 3)

which is related to the period In period T + 1 we have to take into accountdhanges of variables
experienced during period T, so we get:

Pgx(1+mg) =ex(1+Ae)*Pr* (1+my), 4)

wherer,; denotes the domestic inflation ratg,denotes foreign inflation rate adé denotes change

of nominal exchange rate (all of these variablesexipressed in %). Now we ta@&drom equation (2)
and put it in equation (4):

Pd*(1+rrd)=ﬁ*(1+Ae)*Pf*(1+rtf) (5)
Py

VariablesP; andP; drop out from equation (5), and we get:

1+mg) =1 +A4e)*(1+m) (6)

Then we proceed as follows:

1+mg =1+ Ae+7mp+ Ae 7y (7
g = Ae + 1y + Ae x 1 (8)
g = Aex (1 + 1) + 7y 9
g — Ty = Ae * (1 + 715) (10)
Ae:”l‘%}f (11)

If we approximate equation (11), we get the retafoum of PPP:
Ae =my — i (12)

For additional mathematical background take a otk Barro (2010). Expressiary, — 7 is
above mentioned inflation differential and accogdia equation (12) it is equal to change of nominal
exchange rate. In other words, from equation (& 2bvious that without interference of authorities
adjust inflation or (and) nominal exchange ratarency of country with higher inflation rate will
depreciate relatively to currency of country witwer inflation rate only by the value of inflation
differential. If exchange rate adjusts to inflatidifferential, PPP states that real exchange taies st
its value 1.

The logic behind this macroeconomic phenomenors ifokows (simultaneously we apply it
directly to our selected countries — USA and Cajalfiahe inflation rate in USA is higher than in
Canada, there will be a greater price increaseSngdods than in Canadian goods. As the inflation
rate differential increases in favor of US econordys goods become more and more expensive
(relatively to goods produced in Canada). Househal@ going to buy rather Canadian goods than
goods produced in USA. To do so, they need to tt38B for CAD, which will lead to increase of
USD supply and increase of CAD demand. Both of éhieetors will cause depreciation of USD
relatively to CAD (and appreciation of CAD relatiyeo USD).

It needs to be noted that applicability of absofoten of PPP on real economies is very strong
assumption and evidence of its existence has rest ppduced up to now. On the other hand, Burda
and Wyplosz (2009) state that theory of relativ® FPbacked by empirical evidence, however only in
long term view. In short term, changes of nominathenge rates are not solely driven by inflation
differential. Empirical approach on general apfitey of PPP on real economies can be found in

423



Canarella et al. (2014), Huang and Yang (2015) layuZzand Kutan (2011). Validity of PPP in long
run is researched in Chang et al. (2011) ogdddar et al. (2009). PPP in short run is investigdh
Arize et al. (2015).

Macroeconomists have come up with several thewargsit is not possible to explain nominal
exchange rates changes only by inflation diffeegr{in other words, why prices of goods can differ
internationally). The main reason is that a lotigduts entering the production process cannot be
traded internationally (or at least cannot be dchdasily because of high transaction costs — see
Michael et al. (1997)) in order to achieve arbieramd equalize price levels in domestic and foreign
country — for example labor force or property. Tehagputs or goods are called non-tradable and they
are the main reason why PPP does not hold. Effenbo-tradable goods on real exchange rate is
content of study Betts and Kehoe (2008). Seconsbress that goods are not identical, although they
can have similar characteristics — they differdgample in quality. Typical example is case of cars

Differences in statistical approaches of individoalintries can also negatively affect practical
application of PPP. For example consumer baskets axer countries, as well as the methods of
measuring the inflation rate.

As mentioned above, the aim of this paper is td fint whether relative PPP holds for USA
and Canada or not, thus prove that change in USD/€#change rate can be explained by inflation
differential alone. If we fail to prove this hypetis, attention on causes of failure will be paid i
further research.

2. Methodology and Data

Our dataset consists of two pairs of data withedéht length and with different frequency. It
was collected 188 observations of US and Canada &l USD/CAD nominal exchange rate since
January 2000 to August 2015, both on monthly b&ssondly, it was collected 92 observations of
US and Canada GDP deflators and USD/CAD exchantge siace third quarter 1991 to second
quarter 2014, this time both on quarterly basi$.data are acquired via Bloomberg database and are
processed in Gretl software. CPIs (GDP deflatore)defined as percentage change of price levels
therefore value of inflation differential was olted simply by taking differences between CPIs (GDP
deflators). In order to obtain percentage changexchange rate, we took first differences of lafjge
variable USD/CAD multiplied by 100. Thus our datasensists of four variables, which are
seasonally adjusted to avoid misleading regressenlts and are expressed as percentage changes.
Table 1contains a short description of variables and thleloreviations used in the analysis.

Table 1: Variables used in analysis

abbreviation of
variable

dif_CPI

variable characteristic

inflation differential constructed on the basigG#?ls of USA and Canada
by taking their differences (expressed in %)
monthly percentage change of nominal exchangecristructed as first
rate_m differences of logged exchange rate USD/CAD miaitipby 100
(expressed in %)
inflation differential constructed on the basigGiP deflators of USA and
Canada by taking their differences (expressed in %)
quarterly percentage change of nominal exchangecatstructed as first
rate_g differences of logged exchange rate USD/CAD migitidby 100
(expressed in %)

Source: author’s own elaboration

dif _deflator

Because we use lagged variables in further analysse lagged variables are marked with
suffix in form of number representing the lengthlad, for example expression dif CPl_1 means
inflation differential constructed on the basi€G#Is lagged by one period, etc.
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In order to save space in case of comments on\ahieesults, it was decided to shorten
following expression:

» inflation differential constructed on the basis @PIs of USA and Canada by taking their
differences (expressed in %) to CPI differential] a

» inflation differential constructed on the basisGIDP deflators of USA and Canada by taking
their differences (expressed in %) to deflatoreihtial.

The analysis takes form of linear regression. Adl above mentioned variables are naturally in
the form of time series. Time series have someiabpperties, which can lead to invalid results o
regression therefore special handling is requinedrder to achieve correctness of estimation. Befor
the regression is performed, isolated analysisachdime series is executed to check assumption of
stationarity (or non-stationarity).

Procedure of testing possible non-stationary behmagan be found in every advanced
econometric textbook. Procedure used in this pepleased on Koop (2008) and was already used in
author’s earlier paper (Urbanovsky, 2015). Bas@rabteristic of nonstationary time series is presen
of unit root. In order to test for existence oftuiots, we proceed from following equation:

Yo=a+ &Y+ oY+ + dpYep + & (13)

In the above mentioned equation (13), presencenifroot would be demonstrated by a
coefficients¢ equal to 1. In discussing (or testing) unit roehavior it is convenient to subtragt ;
from both sides of the equation (13). We obtain:

AYy = o+ pYi—q + V1AYq + - + Vpo1AYepi1 T & (14)

wherep = ¢ — 1 andp = 0 imply that time seri€g contains unit root and is non-stationary. On the
other hand, ip = 0, termY,_, drops out from equation (14), it induces statidgaf seriesAY;.

Statistical significance (or insignificance) of eyeingle lag of dependent variable would be
discovered simply by testing whether individual ficeents are equal to zero on chosen significance
level or not — we take a look at p-values or tistias. In case of coefficient we need to take a look
at Dickey-Fuller test statistic and corrected pieal

Because inflation differential is the differencetvibeen the domestic inflation rate and the
foreign inflation rate and inflation rate itselfexpressed in terms of percentage change of e, |
we can suspect that this time series is statiorfdifferences usually tends to be stationary).
Stationarity of differenced time series could bespmected from their graphs, where values are
oscillating around zero (see Appendix 1). On thephand, exchange rate is level variable, thezefor
could be non-stationary. In order to deal with thisssible unwanted property, it was decided to
induce stationarity by taking differences of exapamate. In particular, we take natural logs o$ thi
time series, then take differences of these loggerks, then multiply them by 100. That impliesttha
we are working with percentage changes in excheaaige as is noted in Koop (2009). If we have both
variables in form of percentage changes, it singdithe interpretation of regression results. We ar
also working with stationary time series, so VARaach could be used. VAR is successfully used
on issues of PPP, real exchange rate and inflaliberential in study Malliaropulos et al. (2013).
However, this issue can also be investigated ftoenview of nonstationarity and cointegration, as is
done in Cerrato and Sarantis (2008) or Dimitriod &mos (2013).

Following characteristics and steps of VAR procedare adopted from another author’s
earlier paper (Urbanovsky, 2015). VAR is a typiemlonometric tool for stationary time series
analysis. It is a system of regression equatiohgra/the number of equations matches the number of
variables under study. In each equation we haverdiit dependent variable — it is always one of the
variables under study. Each equation uses asplareatory variables lags of all variables. Becatise
would be time and space consuming to find speaiffimber of lags for each variable, it was decided
to use the same lag length for every variable srgequation (note that this is a common practice i
research papers). The resulting model is known &AR(p) model withp indicating number of
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included lags. Extensive theoretical backgroundV#&R approach can be found for example in
Greene (2012) or Heij (2004).
The research process has the following structure:

« finding appropriate number of lags,
« estimation of VAR(p) based on information receivutegrevious step
« interpretation of results

3. Results

As stated in previous chapter, we investigate imiahip between USA/Canada inflation
differential and USD/CAD exchange rate. Initial pfof existence or nonexistence of this relatiopshi
is based on differential constructed on CPIs. Cgmeetly, in order to verify achieved results, we
construct differential by usage of GDP deflatord agpeat the same testing procedure. Partial sesult
both for procedure using CPls and procedure usibB @eflators are stated simultaneously in order to
save space.

The initial number of lags is set at fifteen, b use of a sequential testing procedure shows
that it is reasonable to include only one lag isecaf all variables. The result is that variablégw
coefficientsy drop out from equation, therefore in order to festexistence of unit roots, we work
with equation in following form:

AY, = a+ pYi_q + & (15)

Because we have four variables (CPI differentianthly exchange rate, deflator differential,
guarterly exchange rate), we have four regressamus four different equations. Parameters of the
executed regressions are stated below (constamtsdtwout to be statistically insignificant and is
dropped from equations).

Table 2: Dickey-Fuller Test Results for Each Valeab

dependent var. AY,) |explanatory var. (Y. [coefficient (p|std. error| t-ratio | p-value

d_dif CPI dif CPI_1 -0,07419 0,0282b -2,63 0,008 **
d rate m rate Ul 1 -1,07272 0,07383 -14p63  1.96et6P8
d_dif deflator dif deflator 1 -0,73215 0,10123 -7,28 4.09et 68"
d rate rate q 1 -0,84326 0,10500 -8,03 1.88e1620

Source: Author’'s own elaboration based on Gretbatst

From t-ratios and p-values we can claim that a#ifiicients are statistically significant, in
other words we decline hypotheses that they araléquero. And ifp # 0, thend # 1, because =
¢ — 1. Therefore, each time series can be writtdarim

Yi = a+ oY1 + & (16)

It is proven thatp # 1 and because conditiahh = 1 is a necessary feature of non-stationary
time series, we can conclude that each time sandsr study has not unit root and therefore display
stationary behavior.

After proof of stationarity of selected variableg are free to perform VAR. First step is to
find appropriate number of lags for each varialblee decision of most appropriate number of lags is
based on information criteria — Akaike criterion @, Schwarz Bayesian criterion (BIC) and Hannah-
Quinn criterion (HQC). The best value of each cidgte is always the lowest one. The highest number
of lags was set on the level of 7, because itghliiunlikely that differences have long memoryigit
the main issue of level variables), therefore isn of higher number of lags is not reasonablé. Al
criteria suggest that the most appropriate is ¢tuge only 1 lag of variables in case of analysisdul
on CPI differential. The same result we get alse@ase of analysis based on deflator differential.
Therefore the regression will take form of VAR(1).
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Table 3: Lag Length Determination

lags 1 lags 2 lags 3 lags 4 lags [5 lagg 6 lags 7
CPI AIC | 5,65985[ 5665249 5,70727L 5,683188 5,70172 5,736397 5,721172
differential BIC | 5,7308]|5,807158 5,920136 5,9670D6 6,056493 6,162125 6,217854
HQC| 5,68862| 5722787 5,793578 5,798264 5,845565 5,909012 5,922555
deflator AIC | 8,52499] 8,573004 8572197 8,627693 8,589961 8599759 8,632266
differential BIC |8,69862| 8862389 8977333 9,148583 9,226603 9,352155 9,500415
HQC| 8,59479| 8,689335 8,735058 8,837087 8,845886 8,902216 8,981255

Source: author’'s own elaboration based on Grepudst

Table 4 presents results from OLS estimation of YARNote that intercepts turn out to be
statistically insignificant and for that reasonyttzge not included in further analysis. Inclusidrime
trend component improves results of regression ontpird equation. Since there are two variables
under study, there are two equations to estimageifivation of findings based on CPI differential i
done by another VAR(1) using deflator differential.

Each equations regresses a dependent variableeotagrof two variables in VAR. To save
space, only selected characteristics are includ&able 4.

Table 4: The VAR(1) Using Changes of USD/CAD ExdaRate and Inflation Differential as
Dependent Variables

dependent variable | explanatory variable| coefficient tratio| p-value
rate m rate m 1 -0,114878 -152 0,1304 R 0,08337:
B dif CPI 1 -0,481352 -2,174 0,031 ** DW stat.  2,00488
dif CPI rate m 1 0,0449618 4,435 1,50E405 **|R° 0,86826
- d'rf=CPI=1 0,938483| 31,74 7,97E-f4 =*| DW stat. 2,024{141
rate g 1 0,0892448 0,82B1 0,41 R 0,11613!
rate_q dif deflator 1 -0,631904 -2,17 0,0381 ** DW stat. 1,8735
time 0,0280119 2,421 0,017 **
dif deflator rate g 1 0,00753948 0,21B4 0,8276 R’ 0,65026!
- dif deflator 1 0,474565 4,941 3.91e{06 **| DW stat. 2,269

Source: author’s own elaboration based on Gréguts

From above mentioned results of regression we lgam:c

» Previous value of exchange rate change does rextafé value in next period. Coefficients
are statistically insignificant which is proven high p-values (0.1304 in case of regression
using CPI differential, 0.41 in case of regressusing deflator differential). Inclusions of
these insignificant variables end up in low valagsoefficients of determination.

 Value of inflation differential can be explained g previous value. Coefficients are

statistically significant which is proven by extreiyn low p-values (7.97E-74 in case of
regression using CPI differential, 3.91e-06 in aafseegression using deflator differential).
Value of inflation differential can be explained tlyange in exchange rate in previous period,
but only in case of regression using CPI diffe@ntincrease in exchange rate in previous
period about one percentage point leads to incremageflation differential in next period
approximately about 0.0449 percentage point. Howeties relationship is not found in case
of regression using deflator differential. Therefave cannot unanimously decide, whether
this relationship exists or not.

According to results, inflation differential exptai change in exchange rate, but the effect is
opposite than inflation differential theory suggesAccording to regression, increase in
differential in previous period about one perceatpgint leads to decrease of exchange rate in
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next period approximately about 0.48 percentagentpdin case of CPI differential),
respectively about 0.63 percentage point (in cdsgeflator differential). From the view of
USD, we are using direct quotation of exchange tta¢esfore if exchange rate is going down
it means appreciation of US currency. Accordingheory, US currency should depreciate and
therefore the coefficient should be positive.

The final conclusion is that inclusion of inflatiatifferential alone is insufficient in order to
explain change in USD/CAD exchange rate. The mteast likely affected by other variables, and
because these variables are not included in regressur explanatory variable (inflation differea)i
take over their effect on exchange rate, which lteduin opposite sign of inflation differential
coefficient. This shortcoming results in inability prove or disprove the existence of inflation
differential effect on USD/CAD exchange rate.

4. Conclusion

Possible existence of effect of inflation differi@hbetween USA and Canada on USD_CAD
exchange rate was investigated in the presenteer pAfter brief theoretical insight into this issue
data and the methodology used in subsequent asagse introduced. Several facts have been found
in the empirical part of the paper. According tapuis of used VAR(1), it has been proven that
previous value of exchange rate does not affectalse in following period. This is not the case of
inflation differential, because it has been found that inflation differential depends on its pravs
value. Effect of exchange rate on inflation diffetiel is inconclusive.

However, our main goal was to find out, whethetaitidn differential affects exchange rate.
We got into the contradiction with inflation diffamtial theory, because according to our regression
results, increase in inflation differential leadsappreciation of currency in subsequent pericstesd
of its depreciation. This result is explained byission of variables, which can possibly affect
exchange rate as well, therefore inflation difféiertook over effects of these omitted variables o
exchange rate and its effect displays oppositedtr@®ecause of this shortcoming, explanation of
changes of exchange rate only by inflation difféiedroes not seem as appropriate approach.
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Appendix

Time series plots of variables under study
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