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ABSTRACT

The theoretical literature assumes that real variables affect the real exchange rate
only through the relative price of nontraded goods. In Chapter 2, I decompose the
real Canada-US exchange rate into the relative prices of traded goods and nontraded
goods and analyze how real shocks affect these two relative prices. I find that shocks
to productivity and commodity prices affect the real exchange rate almost entirely
through the relative price of traded goods. This evidence calls for explicit modeling
of the transmission mechanism from real shocks to the real exchange rate through
the relative price of traded goods.

In Chapter 3, I develop a model that allows the relative price of traded goods to
play a role in the transmission mechanism. The model is a generalization of the basic
Balassa-Samuelson model that incorporates terms-of-trade and productivity shocks
in a unified framework. The generalization is parsimonious since it maintains the
law of one price for each traded good. However, the model does not have the law of
one price for the composite traded good. This is necessary to allow traded goods to
act as a channel in the transmission mechanism. The model implies that domestic
productivity shocks depreciate the relative price of tradables, while shocks to world
commodity prices appreciate it. The empirical analysis provides some support for the
first prediction, but rejects the second prediction.

In Chapter 4, I analyze whether the depreciation of the real Canada-US exchange
rate can be a driving force behind the widening of the Canada-US productivity gap
in manufacturing since the 1980s. I focus on the factor cost hypothesis, that states
that a real exchange rate depreciation can make capital relatively more expensive
than labour, causing manufacturing firms to adopt more labour intensive technologies.
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Using a Vector Error Correction Model, I find that a real depreciation of the Canadian
dollar reduces the relative Canada-US capital-labour ratio and labour productivity
in manufacturing in accordance with the hypothesis. However, the contribution of
this channel in explaining movements of the relative productivity in manufacturing
is only about ten per cent at a five year horizon.

Keywords: real exchange rate; terms-of-trade; productivity; traded goods; nontraded
goods.
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Chapter 1
Introduction

This dissertation analyzes the relationship between productivity, terms-of-trade, and
the real exchange rate. The real exchange rate is defined as the relative price of foreign
goods and services in terms of domestic goods. The real exchange rate depreciates
when foreign goods and services become relatively more expensive than domestic
goods; it takes more domestic goods to purchase one foreign good. The real exchange
rate is a broad measure of the relative price. The goods and services included in the
aggregate price levels may be traded or nontraded, they may be produced domestically
or imported. A related measure, the terms of trade, applies only to traded goods and
looks at the relative price of a country’s exports in terms of its imports. It shows how
many domestic units are necessary to buy one foreign unit.

The dissertation consists of two parts that are distinguished by the assump-
tion of exogeneity among the variables. In the first part, I analyze the channels
through which productivity and terms-of-trade affect the real exchange rate. This
analysis contributes to the literature on exchange rate determination. In the second
part, I analyze whether exchange rate fluctuations affect productivity. This analysis
contributes to the discussion of economic factors that explain recent divergence in
productivity in manufacturing between Canada and the United States.

The issue of exchange rate determination is prominent in international economics.
The oldest approach to exchange rate determination is based on the idea that trade in
goods determines the real exchange rate in the long run. An example of this approach
is the theory of purchasing power parity (PPP) which states that countries’ price levels
should be equal when measured in the same currency. If the price levels are not equal,
arbitrage opportunities imply an increased demand for cheaper goods and increased



demand for the currency of the country with cheaper goods. The nominal exchange
rate and prices have to adjust to eliminate these arbitrage opportunities. PPP implies
that the real exchange rate, the relative price of goods of the two countries, should be
equal to one. Empirically, real exchange rates are not equal to one and the evidence
in favour of PPP is rather weak (for a review see Rogoff, 1996).

The story changes a little if we take transportation costs into account. Now
prices of goods can be different as long as the difference does not exceed transporta-
tion costs. If the difference exceeds transportation costs then it is profitable to ship
goods until prices are equalized. Thus, there is a “band of inaction” within which in-
dividual prices can deviate from the law of one price. Since transaction costs vary for
individual commodities this band of inaction is different for each commodity. When
all commodities are aggregated to obtain the aggregate price index, which is used
to construct the real exchange rate, these different bands imply nonlinearity in the
adjustment of deviations from the level consistent with PPP. In accordance with this
line of argument, Taylor, Peel, and Sarno (2001) reject the hypothesis of a unit root
in exchange rates in favour of nonlinearly mean-reverting exchange rates.

Arbitrage need not eliminate inequality in prices if some goods are nontraded.
Even if some goods or services are cheaper somewhere, high transportation costs make
it impossible to take advantage of the price inequality. It is possible to decompose
the real exchange rate into two relative prices: the relative price of traded goods and
the relative price of nontraded goods.! Since arbitrage applies to traded goods, their
relative price should be always equal to one. Therefore, the real exchange rate should
be determined by the relative price of nontraded goods. Consequently, factors that
affect the relative price of nontraded goods are treated as long-run determinants of
real exchange rates.

There are several factors affecting the relative price of nontraded goods that are
discussed in the literature. Balassa (1964) and Samuelson (1964) consider productiv-
ity shocks in the tradable sector. Since prices of traded goods are pinned down by
arbitrage, productivity shocks drive wages up. Producers of nontraded goods have to
increase their prices to compensate for increased labour costs. The overall price level
increases and the real exchange rate appreciates.

Another strand of the literature has looked at the terms-of-trade. Dornbusch
(1980), Edwards (1989), and Neary (1988) analyze the impact of export and import

1The details of the decomposition can be found in Section 2.2.



prices on the demand for nontradables and the real exchange rate. A positive shock to
export prices improves the terms-of-trade and increases the demand for all goods due
to an income effect. The substitution effect favours imported and nontraded goods
as they are relatively cheaper now. Consequently, the relative price of nontradables
increases to clear the market. This increase in the price of nontradables cannot be
arbitraged away, and consequently the overall domestic price level increases relative
to the foreign price level. The real exchange rate appreciates. A positive shock to
import prices affects the demand for nontradables ambiguously. The income effect
reduces the demand for nontradables as the terms-of-trade worsen. The substitution
effect, however, increases the demand for nontradables, as they are relatively cheaper
than imported traded goods. The total effect of import prices on the demand for
nontradables, and the real exchange rate, is ambiguous. It is usually assumed that
the substitution effect dominates, and, thus the real exchange rate appreciates in
response to a positive shock to import prices.

Real shocks affect the real exchange rate in the long-run through the relative
price of nontraded goods only. Any impact of real shocks on the relative price of
traded goods is washed away by arbitrage. On the other hand, nominal shocks are
supposed to have no effect on the real exchange rate in the long-run. This prediction
follows from the expected impact of nominal shocks on the relative prices. If prices
of traded and nontraded goods increase by the same amount in response to nominal
shocks then the relative price of nontraded goods does not change. Any impact on
the relative price of traded goods is annihilated in the long-run by goods arbitrage
so that the nominal exchange rate and prices of traded goods adjust to maintain the
parity.

Nominal and real shocks, however, are expected to affect the real exchange rate
in the short-run. This is because both types of shocks are expected to affect the
nominal exchange rate. If prices and the nominal exchange rate are slow to return to
the long-run equilibrium level, it is possible that the relative price of traded goods, and
consequently the real exchange rate, deviate from one. It is assumed in the literature
that nominal shocks are more important in the short-run than real shocks. Recent
studies on exchange rate volatility, including Obstfeld and Rogoff (1995), Chari et al.
(2002), and Devereux and Engel (2002), use dynamic general equilibrium models to
analyze the impacts of nominal shocks only.

Even though volatility of real exchange rates can be explained in a theoretical



model with only nominal shocks, the other empirical feature of real exchange rates,
persistence, cannot be explained. This is what Rogoff (1996, p. 647) calls the PPP
puzzle: “How can one reconcile the enormous short-term volatility of real exchange
rates with the extremely slow rate at which shocks appear to damp out?” To resolve
the puzzle, Chen and Rogoff (2003) go back to real shocks. They analyze whether
productivity differentials and terms-of-trade can explain persistence for New Zealand,
Australia, and Canada. Chen and Rogoff find that the real exchange rates are still
persistent even when accounting for real shocks. Benigno (2004) looks at other ex-
planations of the puzzle.

The story that emerges from the above discussion is that real and nominal shocks
affect the real exchange rate in the short-run through the relative price of traded
goods, and nominal shocks dominate. In the long-run, the real exchange rate is only
determined by real shocks propagating through the relative price of nontraded goods.
Engel (1999) decomposes US real exchange rates into the relative price of traded and
nontraded goods. He finds that the relative price of nontraded goods accounts for
almost no volatility of the real exchange rate at different horizons. This contradicts
with theoretical considerations that assign an important role to this relative price.
This finding can be potentially explained by the importance of nominal shocks. Thus,
Engel’s finding that the relative price of traded goods is more important may imply
that nominal shocks are more important for real exchange rates. As goods arbitrage
eliminates differences in prices among traded goods, one should find lower contribution
of the relative price of traded goods to the real exchange rate as the horizon widens.
Engel (1999), however, finds that the contribution of the relative price of traded goods
does not decline over time.

Since Engel’s finding that the relative price of traded goods is more important
than the relative price of nontraded goods may imply that nominal shocks are more
important than real shocks, it is interesting to review empirical studies on the impor-
tance of shocks. The empirical evidence on importance of real versus nominal shocks
for the real exchange rate is mixed. Earlier studies by Clarida and Gali (1994),
Eichenbaum and Evans (1995), and Lastrapes (1992) using structural VARs assign
only small contributions to nominal shocks. Rogers (1999) and Chen (2004), us-
ing longer spans of data and several VAR specifications, give a higher range for the
contribution of monetary shocks.

In my dissertation, I test the propagation of real shocks through the relative price



of traded goods and the relative price of nontraded goods explicitly. I add real shocks
to the model and analyze whether real shocks propagate through the relative price
of traded or nontraded goods. If real shocks propagate mostly through the relative
price of nontraded goods, then my evidence, combined with Engel’s results, imply
that real shocks do not matter for the real exchange rate. If, however, real shocks
propagate through the relative price of traded goods, then theoretical studies need
to be revised to reflect such empirical evidence. I find (i) that real shocks propagate
mostly through the relative price of traded goods; (ii) the contribution of real shocks
through the relative price of traded goods does not decline with time.

I propose a model that explains these empirical findings. The model is a gener-
alization of the basic Balassa-Samuelson model that incorporates terms-of-trade and
productivity shocks in a unified framework. The generalization is not a drastic change
in the specification relative to the Balassa-Samuelson model since it maintains the
law of one price for each traded good. However, the model does not have the law of
one price for the composite traded good. This is necessary to allow traded goods to
act as a channel in the transmission mechanism. In the model, the relative price of
traded goods is as important as the relative price of nontraded goods. I test other
predictions from the model. The model implies that productivity shocks depreciate
the relative price of tradables, while shocks to commodity prices appreciate it. The
empirical analysis shows some support for the first prediction, but rejects the second
prediction.

The above discussion, which outlines the first part of my dissertation, assumes
that real shocks are exogenous with respect to real exchange rates. There are, how-
ever, reasons to believe that the causation may run in the opposite direction. In
the second part of my dissertation, I analyze whether exchange rate movements may
affect productivity in Canadian manufacturing. This question arises because labour
productivity in Canada has fallen relative to that in the United States since the 1980s,
with the relative decline being particularly large in the manufacturing sector. Cana-
dian relative productivity in manufacturing has fallen by approximately 25 per cent
since the mid-1980s with much of this decline occurring since 1993 (for a review of
recent trends in productivity, see Crawford, 2002).

At the same time, there have been two episodes of significant Canadian dollar de-
preciation, first between 1976-1986 and second between 1991-2002. One hypothesis,

which explains how an exchange rate depreciation can affect labour productivity in



Canadian manufacturing, is known as the factor-cost hypothesis. It states that a real
exchange rate depreciation would make imported capital goods expensive relative to
labour, and domestic producers would adopt more labour intensive technologies in
response to a higher relative price of capital. Labour intensive technologies in turn
would make labour less productive. Since about 70% of machinery and equipment
is imported to Canada, this hypothesis is especially relevant for Canada. The real
exchange rate depreciation during the periods 1976-1986 and 1991-2002 could make
capital relatively more expensive than labour, and firms could decide to substitute
labour for capital. Both the capital-to-labour ratio and labour productivity could fall
as a result of the real exchange rate depreciation. Lafrance and Schembri (2000), Har-
ris (2001), and Bernstein et al. (2002) consider this channel as a possible contributing
factor in explaining the gap.

I find that a depreciation of the Canadian dollar reduces the relative Canada-US
capital-labour ratio and labour productivity in manufacturing in accordance with the
hypothesis. However, the contribution of this channel in explaining movements of
the relative productivity in manufacturing is only about 10 per cent at a five year
horizon. Thus, real exchange rate movements are not so important for productivity.

The organization of the thesis is the following. Chapter 2 tests the importance
of the relative price of traded and the relative price of nontraded goods for the trans-
mission mechanism from real shocks to the real exchange rate. Chapter 3 develops a
model to explain these empirical findings. Tests of the model reveal that some pre-
dictions of the model are rejected. Chapter 4 focuses on the other opposite causation,
from the real exchange rate to productivity. Chapter 5 concludes.



Chapter 2

Real variables and the real
exchange rate: An inquiry into the

transmission mechanism

2.1 Introduction

The seminal work of Balassa (1964) and Samuelson (1964) on productivity shocks
in the tradable sector, and Dornbusch (1980), Edwards (1989), and Neary (1988) on
terms-of-trade shocks has generated a large literature examining the impact of real
variables on the real exchange rate. This literature postulates that real variables
affect the real exchange rate only through the relative price of nontraded goods. This
is because the other component of the real exchange rate, the relative price of traded
goods, is determined by the law of one price.

If the law of one price holds for traded goods, the relative price of traded goods
should be equal to one. It is possible that there are short-term deviations from the
law of one price for traded goods. In this case the relative price of traded goods is
not constant all the time but it should be stationary. If, on the other hand, the real
exchange rate and the relative price of nontraded goods are nonstationary, then they
have to be cointegrated. Consequently, evidence in favour of the Balassa-Samuelson
hypothesis is based mainly on cointegration studies.! Amano and van Norden (1995)
use commodity prices as proxies for terms-of-trade shocks and find some long-run

1See Chinn and Johnston (1996) and Begum (2000) among others.



relationship between commodity prices and real exchange rates. While the above
studies test cointegration between the real exchange rate and real variables, other
studies look at the underlying assumption that the relative price of nontraded goods
is cointegrated with real variables. Kakkar (2003) finds that the price of nontraded
goods relative to the price of traded goods is cointegrated with sectoral factor pro-
ductivities for a set of countries.? Canzoneri et al. (1999) test whether the price of
nontraded goods relative to the price of traded goods reflects the relative produc-
tivity of labour and whether purchasing parity holds for traded goods. While the
first prediction of the Balassa-Samuelson model is supported by the data, the second
prediction has less support.

The underlying assumption of the above models is that the law of one price
holds for traded goods. A large body of empirical evidence seems to support the
failure of the law of one price; possible explanations include transportation costs,
tariffs, nontariff barriers, and pricing to market (see Rogoff, 1996). If international
markets are segmented, exporters invoice in the currency of consumers, and prices
are sticky, then exchange rate fluctuations do not pass through to import prices.
Thus, the law of one price does not hold under these assumptions. This form of
pricing to market is known as local currency pricing. A theoretical treatment of
pricing to market in combination with local-currency sticky prices (LCP) is given in
Betts and Devereux (2000) among others (see Lane, 2001 for a review). Feenstra
and Kendal (1997) and Engel and Rogers (2001) find that a significant portion of
deviations from the law of one price can be explained by local currency pricing. The
Betts-Devereux model replicates some empirical regularities such as nominal and real
exchange rate variability, and comovements of consumption and output in face of
monetary disturbances.

In light of this evidence, recent theoretical models emphasize nominal rather than
real shocks. Local currency pricing implies that nominal shocks should propagate
through the relative price of traded goods only. Indeed, exchange rate fluctuations
in response to nominal shocks do not pass through to import prices in the short-
run. Chari et al. (2002, p. 533), who develop a general equilibrium model of the
interaction of nominal shocks and sticky prices, say in the introduction to the pa-

2The price of nontraded goods relative to the price of traded goods should not be confused with
the relative price of nontraded goods. The latter price is the relative price between two countries:
the price of traded goods relative to the price of traded goods in one country versus the same price
ratio in the other country. These prices are defined formally in Section 2.2.



per: “In constructing our model, we need to choose the source of real exchange rate
fluctuations: deviations from the law of one price for traded goods across countries
or fluctuations in the relative price of nontraded to traded goods across countries or
both. We choose to abstract from nontraded goods and focus on fluctuation in real
exchange rates arising solely from deviations from the law of one price for traded
goods.”

A shift from the relative price of nontraded goods to the relative price of traded
goods raises an interesting question: which relative price is more important for the
real exchange rate? Engel (1999) answers this question by analyzing the importance
of the two relative prices for US real exchange rates. He finds that the relative price
of traded goods almost entirely accounts for persistence and volatility of US real
exchange rates. Therefore, a possible interpretation of Engel’s results is that nominal
shocks are more important than real shocks and that, for those wishing to model the
real exchange rate, real variables such as productivity and terms of trade are unlikely
to be important. This result may give support to local currency pricing assumed in
the theoretical literature.

There is one aspect that does not accord well with LCP models. Obstfeld and
Rogoff (2000) argue that local currency pricing implies that the nominal exchange
rate and terms of trade should be negatively correlated: when a currency depreciates,
terms of trade improve. This implication of LCP models is counterfactual, as nominal
exchange rates and terms of trade are usually positively correlated (Obstfeld and
Rogoff, 2000). An alternative to a local currency pricing assumption is producer
currency pricing, but the latter implies that the law of one price holds for traded
goods. Thus, any shocks affecting the real exchange rate should affect it through
the relative price of nontraded goods. But if shocks affect the real exchange rate
through the relative price of nontraded goods, then they should not matter for the
real exchange rate given Engel’s (1999) results.

Engel’s results demonstrate the importance of the relative price of traded goods
but cannot be used to assess the importance of real and nominal shocks since they are
not formally identified. I extend Engel’s analysis in this chapter to examine the role
of real shocks.® I analyze how shocks propagate to the real exchange rate through
the relative price of traded and the relative price of nontraded goods explicitly. To
my knowledge, this analysis has not been done before.

3The role of nominal shocks, while obviously of interest, is not considered here.
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There are several possibilities for the transmission mechanism of real shocks to the
real exchange rate through the relative prices. First, real shocks propagate to the real
exchange rate mainly through the relative price of nontraded goods. Combined with
Engel’s (1999) findings that the relative price of nontraded goods is not important,
this result would imply that real shocks should not matter for the real exchange
rate, contributing to the literature on the importance of real versus nominal shocks.
Second, real shocks propagate through the relative price of traded goods. This result
would call for a re-thinking of theoretical models and assigning an important role to
the relative price of traded goods in the transmission mechanism. Finally, real shocks
may affect equally the two relative prices. In this cases, interesting possibilities arise
if shocks act in opposite directions nullifying their impact on the real exchange rate.

The chapter is organized in the following manner. Section 2 discusses the pro-
posed methodology. Section 3 discusses the construction of data. Section 4 presents
forecast error variance decompositions that are used to assess the transmission mech-

anism. Section 5 concludes.

2.2 Methodology

Engel (1999) decomposes the log real exchange rate ¢, ¢ = s + p* — p, into the log
relative prices of traded goods z and nontraded goods y according to:

g=z+y (2.1)

where
T=s8+pr—pr (2.2)
y = o’ (py — pr) — a(py — pr) (2.3)

and s is the log of the nominal exchange rate (home currency price of the foreign
currency), p is the log of the home price level, and p* is the log of the foreign price
level.* Subscripts T and N indicate the price index for traded and nontraded goods
respectively. Parameters o and o indicate the share of nontraded goods in the overall
price index at home and abroad, respectively.

4This decomposition is consistent with my model discussed in Chapter 3. It assumes that ag-
gregate price levels are indices constructed as geometric averages with constant share-weighting
parameters.
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Most empirical studies work with the real exchange rate directly. The contribu-
tion of Engel’s decomposition is that the two components of the real exchange rate
can be now analyzed separately. This provides a useful test of theoretical models
that assume the importance of the relative price of nontraded goods. The objective
here is to decompose the variance of the real exchange rate into the contributions
of the relative price of traded and nontraded goods and analyze the importance of
the relative prices at different horizons. Since the real exchange rate and the relative
prices are found to have a unit root, the appropriate approach to a decomposition is
to work with variables in differences. Since the contributions of the relative prices
may vary at different horizons, differences are constructed at different lags, i.e. the
analysis of ¢; — ¢;_n, Tt — Ti_n, and y; — Y;_, is conducted for n varying from one
month up to 30 years.

Since Engel (1999) finds that the null hypothesis that z and y are independent
random walks cannot be rejected, the decomposition of the variance of ¢; — ¢;—»
assumes that z; — z;_, and y; — y;_,, are uncorrelated at different horizons n. Thus,
the contribution of z; — z;_,, to the variance of ¢; — ¢;_, at different horizons n is
calculated according to:

var(z; — Ti—p)
var(zt == mt—n) + 'Ua'r(yt = yt—n) .

Engel (1999) reports that the relative price of traded goods accounts for at least 95
percent of the variance of the real exchange rate for different measures of z; and y;,
and for different horizons and different US exchange rates.’

Engel’s approach cannot be used directly to investigate the transmission mecha-
nism of real shocks affecting the real exchange rate. In order to determine the channels
by which real shocks are transmitted to the real exchange rate, I develop vector au-
toregressive (VAR) models in first differences and vector error-correction (VECM)
models, relating the relative prices and possible real determinants of exchange rates.

The models include four lags of the relative prices of tradables and nontradables,

and four real variables. The real variables are chosen to capture the key sources

Engel (1999) also constructs a decomposition that takes the comovement between z; and y;
into account. This decomposition gives similar results because comovements of z; and y; are small.
In addition, Engel uses decompositions that take persistence into account. Since I look at forecast
error variance decompositions later in this section, I discuss only those results of Engel that rely on
variance decompositions and are comparable to what I calculate.
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of commodity and productivity shocks. I use two approaches to identify structural
shocks. The first approach uses a Cholesky decomposition. The second approach
uses the condition that the only shocks that have a long-run effect on the level of
productivity are shocks to productivity.

I use these models to decompose forecast errors variances. This allows me to
obtain contributions of real shocks to the forecast error variation of z and y. The
forecast errors s periods into the future Az, , — A%y and Ay s — Afpys) are
functions of the structural shocks. I need to calculate the mean squared error for
Aq = Az + Ay and decompose this error into contributions from the relative price
of traded goods and the relative price of nontraded goods, and ultimately into con-
tributions from the structural shocks. I assume that the forecast errors for z and y
are uncorrelated, and estimate the contribution of z according to:

MSE(A%isp)
MSE(A%iist) + MSE(Aftyspt)

(2.4)

where MSE(AZyyst) = E[(ATpys — Adyyse)?]

This approach, unlike Engel (1999), provides decompositions conditional on real
variables. This allows me to evaluate the importance of the relative prices in the
transmission mechanism.

2.3 Data

Engel (1999) discusses four ways to construct the relative prices of traded and non-
traded goods using four different types of price indices: (i) consumer prices (CPI),
(ii) output prices, (iii) personal consumption deflators (PCD), and (iv) producer
price index (PPI). The first measure treats goods as tradable and services as non-
tradable. Prices for these components are taken from the CPI index. Of course,
these components are not perfect measures of traded and nontraded goods. Goods
may contain services that are not tradable, while some services may be traded. The
second measure is supposed to deal better with the nontradable component since
output prices do not contain many services like marketing services included in the
CPI data. The third measure uses national income accounts. The price index for per-
sonal expenditure on goods is considered as the price index for traded goods, while
the price index for personal expenditure on services is treated as the price index
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for nontraded goods. Finally, the last method treats the overall PPI as an index of
traded goods prices, and the overall CPI as an index of nontraded goods. In this case,
z = s+In(PPI*)—In(PPI), and y = In(CPI*) —In(PPI*)— (In(CPI)—In(PPI)).

There are many problems with this latter approach. Engel (1999) reports at
least four serious problems. First, using the aggregate PPI as a measure of traded
goods price is crude, since some output is nontraded. Second, measures of traded and
nontraded goods in this approach come from different surveys. Third, the aggregate
price index is not a weighted average of traded and nontraded goods. Finally, the
decomposition assumes that z and y are independent, while this is not true with this
type of measure. The relative prices z and y are expected to be negatively correlated
since In(PPI*) — In(PPI) appears with a positive sign in z and negative sign in y
as apparent from the above formulas. The only advantage is that this approach can
be used for a wider range of countries.

I use two out of the four methods in my dissertation: consumer prices and per-
sonal consumption deflators. Output prices are not used since the data are not avail-
able for some industries at a quarterly frequency. The fourth approach is not used
since I work only with Canada-US data, so potential benefits of using this approach
for many countries disappear while the disadvantages stay. It should be mentioned
that Engel (1999) finds that the results are robust for all four measures of the relative
prices.

I introduce two sets of real variables in the models. I want to consider proxies
for shocks to terms-of-trade and productivity differentials. The first set is implied by
terms-of-trade models that emphasize that exogenous shocks to terms of trade affect
the real exchange rate. Exogenous shocks to terms-of-trade are not easily identifiable
in general. I use the approach used in Chen and Rogoff (2003) and Amano and
van Norden (1995) that identify exogenous shocks to terms of trade as shocks to
commodity prices for countries with a high share of primary commodities in their
exports, like Canada, Australia, and New Zealand. The second set is related to the
Balassa-Samuelson hypothesis that states that shocks to productivity in the traded
sector versus the nontraded sector affect the real exchange rate.

As proxies for terms-of-trade shocks, I use the Bank of Canada indexes for energy
and non-energy commodity prices denominated in US dollars and adjust them for
US inflation measured by the CPI to construct the real price of energy and non-

energy commodities. Energy and non-energy commodities are an important share of
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Canadian exports. The advantage of including these goods only is that commodity
prices are determined in the world market and Canadian producers have no control
of them. The prices denominated in US dollars, thus they do not contain the nominal
exchange rate and are not subject to nominal exchange rate fluctuations. The prices
are adjusted by US CPI which proxies the price index for Canadian imports. This
approach to construct proxies for terms-of-trade is used in Chen and Rogoff (2003).
The relative Canada-US productivity measures are constructed by dividing output
measures by hours-worked. All variables are in logs and at a quarterly frequency. A
more detailed description of how series are constructed and the sources of the data
can be found in Appendix A. The data range is from 1972:1 to 2000:4. Figure 2.1
presents commodity prices and productivity differentials, while Figure 2.2 plots the
relative prices constructed using CPI and PCD data.

2.4 Testing for unit roots and cointegration

First I analyze whether a unit root is present in the series. Following the literature
on unit root testing, the data generating process (DGP) for y; has the following form:

yt:')’0+')’1t+Ut, t=1,,T

U = QU1 + V4

where v, is a stationary process. If @ = 1 this process is equivalent to
Yt ="t Y1+t (2.5)
while if || < 1 it reduces to
¥ =71 —a)+ne+7n(l - o)t +ay1 + v
Following Elliott et al. (1996) the series are detrended

=y — Bo — But
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Figure 2.1: Graph of commodity prices and productivity differentials
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Figure 2.1
PCOM is the log of the real non-energy commodity price index; PENERGY is the
log of the real energy commodity price index; RLPRM is the log of labour
productivity in manufacturing in Canada versus the US; RLPRS is the log of labour
productivity in services in Canada versus the US.



0325

0300 -

0275

02s0

0225 -

0200

2160 -

2.142

2124

2106

2070

2052

2034

Figure 2.2: Graph of the relative prices
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X (CPI) and X (PCD) are the log of the relative price of traded goods, as defined in

(2.2), constructed using the CPI and PCD data, respectively. Y (CPI) and Y
(PCD) are the log of the relative price of nontraded goods, as defined in (2.3),

constructed using the CPI and PCD data, respectively
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where (8o, f1) are obtained by regressing 7; on Z; where
gt = [yh (1 - dL)y23 ey (1 - &L)ZIT]

Z = [21,(1 — aL)z, ..., (1 — @L)2r]

and z = (1,%t), & =1=13.5/T.
The augmented Dickey-Fuller test (Dickey and Fuller, 1979, and Said and Dickey,
1984) is then applied to the detrended data:

Ayt = apy? | + oAyt + ..+ a,,Ayf_p + error

where the number of lags is chosen according to the Modified Akaike Information
Criterion proposed by Ng and Perron (2001). The critical values for the test are given
in Elliott et al. (1996). This test is supposed to have better power at a predetermined
point than the usual ADF test. Table 2.1(a) reports the results of testing for a unit
root in the series. The null hypothesis of a unit root cannot be rejected at the 10%
significance level for all series.

I further allow for a possibility of breaks in trends and intercept following Perron
and Rodriguez (2003). In this case, the DGP is assumed as:

yt=u+1/t+6I(t>TB)+01(t>TB)(t—TB)—+—u¢, =N T

Ut = QU1 + V¢

where I(.) is the indicator function and the same assumptions apply to v;. If @ = 1
the process becomes

Y=Y1+n+7It=Ts+1)+vI(t>Ts)+ v, (2.6)
while under |a| < 1 it is equivalent to
Y=Y +mnt+ It >Ts)+ It > Tp)(t —Ts) + vt

Table 2.1(b) reports the results of testing for unit root allowing for a change in
level and slope at an unknown time. The break point is chosen so that the absolute
value of the t-statistics on the coefficient of the change in slope is maximized according
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to Perron (1997). The data are GLS detrended following the suggestion by Elliott
et al. (1996). The optimal non-centrality parameter for detrending of this type
of models is found by simulations in Perron and Rodriguez (2003). The augmented
Dickey-Fuller test (Dickey and Fuller, 1979, and Said and Dickey, 1984) is then applied
to the detrended data. The number of lags in the augmented regression is chosen
according to the Modified Akaike Information Criterion proposed by Ng and Perron
(2001). The critical values for the test are given in Perron and Rodriguez (2003).
The null hypothesis of a unit root cannot be rejected at the 10% significance level for
all series.

A disadvantage of allowing breaks is that their presence cannot be tested for
simultaneously with testing for a unit root. They are either assumed to be present
as in (2.6) or assumed to be absent as in (2.5). I expect that allowing for breaks in
levels in (2.5) is not going to affect further qualitative results, and assume that the
individual data are generated according to (2.5).

I analyze whether variables are stationary, I(0), or difference-stationary of order
1, i.e. I(1). The I(1) process corresponds to a model with persistent shocks. It is
possible, however, to model persistent shocks with I(d) processes where 0 < d < 1.
Baillie (1996) reviews long memory processes and their applications in econometrics.
In what follows, I restrict my analysis to I(1) processes. Fractional integration and
cointegration is left for future work.

Since all variables are first-difference stationary, I proceed with system based
approaches and single equation methods to test for possible cointegration. First, I
apply the Johansen procedure for testing for cointegration. Since the DGP is assumed
to be (2.5), a vector autoregressive (VAR) model in levels of the following form is
appropriate in this multivariate case:

S(L)(Zi—p—t) =&

where Z; is an m-dimensional column of I(1) variables, ® is a matrix polinomial of
order [ in the lag operator L, p and <y are vectors of constants. The VAR model can
be expressed in the vector error-correction form (VECM):

i=l-1

AZy=MZ 1+ Y TiDZyi + po + mt + e, (2.7)

=1
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Table 2.1: Unit root tests

a) No breaks b) Breaks
Series ADF-GLS k ADF-GLS k Tg
RLPRM -1.36 1 -2.67 1 1994:3
RLPRS -1.77 2 -2.20 2 1981:4
RLPR -1.24 2 -3.02 1 1982:1

y CPI/PCD -1.88/-1.51 5/7 -1.83/-1.93 1/1 1986:3/1977:1

z CPI/PCD -1.67/-1.97 4/4 -2.25/-2.42 4/3 1990:4/1990:4
PENERGY -1.46 1 -2.20 1 1981:2
PCOM -2.22 4 -1.78 2 1988:4

Augmented Dickey-Fuller test (Dickey and Fuller, 1979, and Said and Dickey, 1984) applied
to GLS detrended data following Elliott, Rothenberg, and Stock (1996). a) The model with
no breaks. b) The model allows for a change in slope and intercept. The break date (Tg) is
chosen so that the absolute value of the t-statistics on the coefficient of the change in slope
is maximized according to Perron (1997). The number of lags (k) in both cases is chosen
according to the Modified Akaike Information Criterion proposed by Ng and Perron (2001).
All variables are in logs. The critical values for the test are given in Elliott et al. (1996) for
(a) and in Perron and Rodriguez (2003) for (b). The null hypothesis of a unit root cannot
be rejected at the 10% significance level for all series.

Variables: PENERGY is the log of the real price of energy commodities; PCOM is the log
of the real price of non-energy commodities; RLPRM is the log of the relative Canada-
U.S. labour productivity in manufacturing; RLPRS is the log of the relative Canada-U.S.
productivity in services; RLPR=RLPRM-RLPRS; z is the log of the relative price of trad-
ables as defined in (2.2); y is the log of the relative price of nontradables as defined in
(2.3). One measure of the relative prices is based on CPI data (CPI), the other on personal
consumption deflators (PCD).
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where IT and T'; are matrices of coefficients, o = —IIu+(C+11)7, and gy = —Ily, with
[ = I, — Y!21T;. The hypothesis of cointegration may be stated in the following way
IT = af’ where a and 3 are respectively (m,r) and (m,r) matrices of full rank, with
r being the rank of cointegration, or the number of stationary linear combinations of
the elements of Z;.

It is common in the literature testing the cointegration between real exchange
rates and real variables to assume that cointegrating vectors annihilate not only com-
mon stochastic but also deterministic trends (Amano and van Norden, 1995, Can-
zoneri et al., 1999, Chen and Rogoff, 2003, Kakkar, 2003). In other words, even if
variables have deterministic trends, these trends do not enter cointegrating vectors.
Mathematically, this condition can be formulated by requiring IIy = 0 in equation
(2.7). Kakkar (2003) argues that the Balassa-Samuelson model implies not only sto-
chastic but also deterministic cointegration between the price of nontraded goods
relative to traded goods and productivity differentials. I return to the discussion of
this question in Chapter 3 after I discuss my model that also implies that determinis-
tic trends do not enter cointegrating vectors. In what follows, I consider cointegrating
vectors without deterministic trends.

The lag order for each model is determined by the following procedure. The
default number is five lags for a VAR in levels. If the residuals exhibit some autocor-
relation of the same order, the number of lags is increased by one up to eight lags until
autocorrelation disappears. Details of the residual analysis can be found in Table 2.2.
In two cases, I fail to find the appropriate lag order as autocorrelation is present in the
system for any lag order considered. One problem arises with respect to productivity
differentials RLPRM and RLPRS when PCD data are used to construct the relative
price of nontraded goods. The problem can be resolved if instead of two productivity
differentials in manufacturing and services, one relative productivity differential in
manufacturing versus services is considered. The other case is when PCD data are
used to construct the relative price of traded goods.

The results for cointegration are mixed (see Table 2.3). Depending on the sta-
tistic used, the Johansen tests find no cointegration, or one or two or even three
cointegrating vectors. There is stronger evidence in favour of cointegration for the
relative price of nontraded goods. Table 2.4 presents cointegrating vectors estimated
by the Johansen method under the restriction that deterministic trends do not enter
the cointegrating vector.
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Table 2.2: Johansen procedures: Residual analysis

Equation JB LM ARCH Equation JB LM ARCH

X (CPI) 0.615 0.108 0.481 X(PCD)  0.654 0.040 0.319
PCOM 0.000 0.605 0.832 PCOM 0.000 0.713 0.803
PENERGY 0.000 0.169 0.060 PENERGY 0.000 0.178 0.077
RLPRM  0.851 0.085 0.237 RLPRM  0.796 0.134 0.372

Equation JB LM  ARCH Equation JB LM  ARCH

Y(CPI) 0.203 0.218 0.177 Y(PCD)  0.000 0.002 0.401
PCOM 0.000 0.150 0.825 PCOM 0.000 0.193 0.418
PENERGY 0.000 0.290 0.042 PENERGY 0.000 0.256 0.076
RLPRM  0.937 0.182 0.122 RLPRM  0.962 0.002 0.379
RLPRS 0.237 0.197 0.518 RLPRS 0.126 0.046 0.159

Equation JB LM  ARCH Equation JB LM ARCH

Y(CPI) 0.032 0.533 0.319 Y(PCD)  0.000 0.328 0.854
PCOM 0.000 0.296 0.903 PCOM 0.038 0.058 0.696
PENERGY 0.000 0.073 0.033 PENERGY 0.000 0.330 0.230
RLPR 0.768 0.797 0.220 RLPRM 0933 0.231 0.225

JB: Jarque-Bera normality test (Bera and Jarque, 1981, 1982). LM: Lagrange multiplier
test for residual autocorrelation (Breusch, 1978, and Godfrey, 1978). The order of autocor-
relation tested corresponds to the lag order in the VAR model. ARCH: Lagrange multiplier
test for residual ARCH (Engle, 1982). Asymptotic p-values are reported for each test.
Variables: see the description in Table 2.1
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Table 2.3: Johansen procedures: Testing for cointegration

X, PCOM, PENERGY, RLPRM

CPI PCD
Hy : r=0 r=1 r=2 r=3 r= r=1 r=2 r=3
L-max 24.40 19.57 14.84 3.65 24.57 19.42 15.20 3.99
Trace 62.46 38.06 18.49 3.65 63.19 38.61 19.19 3.99

Y, PCOM, PENERGY, RLPRM, RLPRS
CPI PCD
Hy: r=0 r=1 r=2 r=3 r=4 r=0 r=1 T—=2 r=3 r=4

L-max 45.77* 28.29 16.12 13.45 6.72 50.50* 30.75 16.10 7.23 6.64
Trace 110.35* 64.58* 36.28 20.17 6.72 111.22* 60.72 29.97 13.87 6.64

Y, PCOM, PENERGY, RLPR

CPI PCD
Hy : r=0 r=1 r=2 r=3 r=0 r=1 r=2 r=3
L-max 27.11 16.86  12.26 9.02 43.57*  24.56 21.20* 11.12
Trace 65.24* 38.13 21.28 9.02 100.45* 56.88* 32.32* 11.12

Testing for cointegration in VAR with constant and a deterministic trend in the cointegra-
tion space using Johansen test (Johansen, 1991). The null hypothesis is of r cointegrating
vectors. An asterisk * means significance at the 5% level using the critical values reported
in MacKinnon et al. (1999). L-max is the maximum eigenvalue test; Trace is the trace
statistic. Depending on the tests statistics or method used to construct the relative prices
there is no cointegration or one or two or three cointegrating vectors for X and Y.
Variables: see the description in Table 2.1
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Table 2.4: Johansen procedures: Estimated cointegrating vectors

X — BiPCOM — B,PENERGY — B3RLPRM
B B2 B3

CPI 0.027 0.045 -0.395

PCD 0.014 0.052 -0.276

Y — a1 PCOM — aaPENERGY — a3RLPRM — a4RLPRS
(e 5] a2 a3 (6 7]

CPI -0.535 0.161 1.280 0.078

PCD -0.058 0.007 -0.062 0.284

Y — nPCOM — 4,PENERGY — v3RLPR

7 72 3
CPI -0.027 -0.010 -0.138

PCD -0.042 0.007 -0.147

Assuming one cointegrating vector, the cointegrating relationships are estimated using the
Johansen method. “CPI” means that = or y are constructed using the CPI data. “PCD”
means that z or y are constructed using the PCD data.

Variables: see the description in Table 2.1
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The residual analysis, however, reveals some violations of normality such as excess
kurtosis (see Table 2.2). The problem of excess kurtosis usually arises for commodity
prices. Huang and Yang (1996) report that the Johansen method tends to overreject
the null of no cointegration comparing to least squares methods when the errors are
not independently normally distributed. I analyzed the eigenvalues of the compan-
ion matrix. For the relative price of tradables, the largest eigenvalue exceeds one,
indicating an explosive process. This is another sign that the system is misspecified.

I further investigate the possibility of cointegration using single-equation test in
Table 2.5. Residual-based tests include ADF (Dickey and Fuller, 1979, and Said and
Dickey, 1984), ADF-GLS (Perron and Rodriguez, 2001), and M-test (Stock, 1999,
Perron and Rodriguez, 2001). I also use the ECM test of Banerjee et al. (1998). The
Table indicates that the tests cannot reject the null hypothesis of no cointegration,
implying that the variables may not be cointegrated.

As a sensitivity analysis, and given the well-known low power of the tests, I pro-
ceed by estimating cointegrating vectors by DOLS with two leads and lags (Stock and
Watson, 1993). The results are presented in Table 2.6. The following cointegrating
relationships are estimated for x and y:

ECM1 =z — By — piPCOM — B, PENERGY — 33RLPRM

ECM2=y—ay— ayPCOM — anPENERGY — a3RLPRM — asRLPRS

where PCOM is the log of the real price of non-energy commodities, PEN ERGY
is the log of the real price of energy commodities, RLPRM is the relative labour
productivity in Canadian versus US manufacturing, RLPRS is the relative Canada-
US productivity in services. The motivation for the first error-correction term is
discussed in Chapter 3 and is based on a model that implies that the relative price of
traded goods may be cointegrated with real variables. The motivation for the second
vector comes from terms-of-trade and Balassa-Samuelson models that imply that the
relative price of nontraded goods may be cointegrated with terms-of-trade, proxied
by energy and non-energy commodities price indexes, and the relative productivity
in the traded versus nontraded sectors.

Since the Balassa-Samuelson hypothesis implies that the relative price of non-



traded goods, y, may be cointegrated with the relative productivity in manufacturing
relative to services, I also estimate the following cointegrating relationship, which
takes relative productivity into account:

ECMS3 =y — v — nPCOM — v, PENERGY — v:RLPR

where RLPR is the difference between RLPRM and RLPRS.

The prior expectations for the cointegrating vectors are the following. If there is
no relationship in the long run among real variables and the relative price of traded
goods, as the law of one price implies, all slope coefficients are expected to be in-
significant. Table 2.6 shows that the cointegrating vector for z has insignificant, at
the 5% significance level, slope coefficients for the two measures of this relative price,
consistent with prior expectations of this Chapter. I return to this issue in Chapter
3 after introducing a model explaining the relationship between the relative price of
traded goods and real variables, that would imply a cointegrating vector.

The prior expectations for the relative price of nontraded goods are based on
Balassa-Samuelson and terms-of-trade models. The Balassa-Samuelson model im-
plies that o3 and a4 are expected to be negative and positive respectively, as higher
productivity in the tradable sector is expected to appreciate the relative price, while
higher productivity in the nontradable sector is expected to depreciate it. This is
because productivity shocks in the tradable sector drive wages and the relative price
of nontraded goods up. Productivity shocks in the nontradable sector are absorbed
by lower prices of nontraded goods, without affecting nominal wages. Positive terms
of trade shocks increase income and the demand for nontraded goods. Consequently,
the relative price of nontraded goods increases to clear the market. Since terms of
trade improvements are expected to appreciate the relative price of nontraded goods,
a1 and ay are expected to be negative. Consistent with the above discussion, 7, 72,
and <3 are expected to be negative.

The cointegrating vector for y has expected signs in Table 2.6, except for s, and
the estimated coefficients are significant at the 5% significance level. A positive shock
to commodity prices appreciates the relative price as expected. Higher energy prices
depreciate the relative price constructed with the CPI data contrary to the prior ex-
pectations but in accordance with other studies (Amano and van Norden, 1995, Chen
and Rogoff, 2003) that also find a puzzling response with respect to energy commod-
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Table 2.5: Testing of cointegrating relationships

ECM1 ECM? ECM3
CPI PCD CPI PCD CPI PCD
ADF (BIC)  -2.46 (3) -2.62(3)  -2.66 (1) -3.27 (0) -2.42 (1) -3.40 (0)
ADF (4) -1.98 -2.19 -2.68 -2.76 -2.36 -2.88
ADF-GLS (4)  -2.97 -3.04 -3.22 -2.81 -3.31 -2.62
MZ,—-GLS -17.25  -17.81 1721 -9.23  -1859  -7.81
ECM 0.19 -0.24 -0.43 3.27 0.56 -2.75

ECM1 : z = By + p1PCOM + B PENERGY + BsRLPRM, ECM2 : y = o9 +
a1 PCOM + 0 PENERGY +a3RLPRM +asRLPRS, and ECM3 : y = vo+7 PCOM +
Y PENERGY +vy3RLPR. Residuals from the cointegration regressions estimated by OLS
are tested for unit roots using ADF tests with the lag order selected by the BIC criterion
(ADF(BIC)), the lag order is given in the parentheses) and with fixed four lags (ADF(4)).
The critical values are taken from MacKinnon (1991). ADF-GLS is the ADF test ap-
plied to GLS-detrended data following Perron and Rodriguez (2001). M Z,-GLS is the
M-test proposed by Stock (1999) and applied to GLS-detrended data following Perron and
Rodriguez (2001). There are four lags in the augmented regression. The critical values
are from Perron and Rodriquez (2001). ECM tests for 8 = 0 in the following regression
Ay = o/ Azy+ By;_1 +6'T4_1 +¢; t ratio is reported. The critical values and test derivation
are from Banerjee et al. (1996). The null hypothesis of no cointegration cannot be rejected
at the 10% significance level for all tests.

Variables: see the description in Table 2.1
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Table 2.6: Estimation of cointegrating relationships

ECM1 ECM2
b1 B2 B3 o as a3 on
DOLS (CPI) 0.0365 -0.0108 -0.1304 -0.0803 0.0135 -0.0304 0.1987
se (0.025) (0.013) (0.148) (0.004) (0.004) (0.018) (0.029)
DOLS (PCD) 0.0346 0.0026 -0.0517 -0.0345 -0.0141 -0.0443 0.1495
se (0.021) (0.012) (0.124) (0.003) (0.003) (0.014) (0.024)
ECM3
T Y2 73
DOLS (CPI) -0.0701 0.0061 -0.0811
se (0.004) (0.004) (0.016)
DOLS (PCD) -0.0314 -0.0177 -0.0684
se (0.003) (0.003) (0.013)
ECM1 : z = By + /iPCOM + B,PENERGY + BsRLPRM, ECM2 : y = ap +

a1 PCOM +asPENERGY +a3RLPRM +a4RLPRS, and ECM3 : y = v+71PCOM +
Y PENERGY + v3RLPR.
DOLS estimates (Stock and Watson, 1993) with two leads and lags and Newey and West
(1987) heteroscedasticity and autocorrelation robust standard errors are reported for the

long-run cointegrating relationships.

Variables: see the description in Table 2.1
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ity prices. An increase in the relative productivity in manufacturing appreciates the
relative price, while an increase in the relative productivity in services depreciates it,
again, as was expected based on theoretical considerations. It is interesting that the
coefficient corresponding to energy commodity prices switches sign again when the
PCD data are used. Energy commodity prices tend to depreciate the relative price of
nontraded goods when the CPI data are used and to appreciate it when the relative
price is constructed with the PCD data. It is assumed in the third cointegrating
vector that relative productivities in manufacturing and services have similar effects,
in absolute value, on the relative price. Under this restriction, the estimates do not
change much qualitatively, compared to the unrestricted vector. Shocks to commodity
prices appreciate the relative price, shocks to energy prices depreciate or appreciate
the relative price depending on the measure used. Shocks to relative productivity in
manufacturing relative to services appreciate the relative price of nontraded goods.

The cointegrating vectors estimated by Johansen method in Table 2.4 are very
different from the vectors estimated by DOLS. It is known that the Johansen proce-
dure produces more outliers than other procedures (see Phillips, 1994 and references
therein). Since I detect some problems with the Johansen procedure, I rely on single
equation tests and estimation for further analysis.

All tests for cointegration used in this section has the null hypothesis of no coin-
tegration. This approach may seem unnatural since as discussed in Chapter 3, coin-
tegration among some variables may follow from theory. In this case, a more natural
approach is to use the null hypothesis of cointegration and to reject it if there is
enough evidence in the data that the cointegrating relationships do not hold. A vari-
ety of tests are developed for the null of cointegration, but their performance is not
so well studied as for test with the null of no cointegration (see Gabriel, 2003, for a
Monte Carlo study in this direction). It is also not clear how tests with cointegration
and no cointegration as the null are suited for confirmatory analysis. Since later I
check the sensitivity of my results if cointegration is present, and since tests with the
null of cointegration are not so well studied, I do not conduct them in this paper.
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2.5 Empirical models

2.5.1 Cholesky decomposition

I use a Cholesky decomposition with the following ordering of the six variables: the
real price of energy commodities, real price of non-energy commodities, relative pro-
ductivity in tradables, relative productivity in nontradables, relative price of trad-
ables, and the relative price of nontradables. The ordering reflects exogeneity of
shocks. Shocks to commodity prices are assumed to be the most exogenous: they
affect all other variables but are affected only by shocks to themselves. They are
followed by productivity shocks. With respect to the relative prices, I order the rel-
ative price of traded goods first. Shocks to the relative price of traded goods may
affect both relative prices, but shocks to the relative price of nontraded goods cannot
affect the relative price of traded goods on impact. An interesting question arises
whether the results are specific to this particular ordering. I analyze whether the
results change with other possible orderings.

2.5.2 Long-run identifying decomposition

This identification scheme uses the condition developed by Gali (1999) that only
productivity shocks have permanent effects on labour productivity. I introduce a
new variable for this model: RLPR which is the log of the ratio of the relative
productivity in manufacturing to the relative productivity in services between the
two countries. Permanent shocks to this variable are permanent productivity changes
in manufacturing versus services in one country versus the other. Permanent shocks
to this variable reflect the essence of the Balassa-Samuelson model.

The question is whether the scheme proposed by Gali (1999) identifies exactly
technology shocks and not something else. As argued by Hall (1988) and Evans (1992),
the technology shock should not be correlated with other exogenous shocks. Francis
and Ramey (2003) analyze whether technology shocks identified in such a manner are
correlated with monetary indicators, oil shock dummies, war dates, and the federal
funds rate. As the latter study, which finds no evidence of such correlations, seems to
support Gali’s approach to identifying productivity shocks, I am reasonably confident
of using this approach in the current context.

I further assume that commodity prices are exogenous. Neither productivity
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changes nor shocks to the relative prices have an impact on commodity prices. This
assumption is plausible, since Canada is a small supplier of commodities in the world
market and Canada has no impact on the prices of its commodities (see further dis-
cussion in Amano and van Norden, 1995, and Chen and Rogoff, 2003). Of course,
economic conditions in the United States and the world economy are expected to
affect commodity prices. That is, commodity prices may not be exogenous to the
relative Canada-US prices, because economic conditions in the United States may
affect the relative prices and commodity prices simultaneously. Amano and van Nor-
den (1995) test for exogeneity between commodity prices and the real exchange rate
and find that commodity prices are exogenous. Chen and Rogoff (2003) use a broad
world commodity price index as an instrument for country specific commodity price
indices. This approach is supposed to deal with the endogeneity problem arising from
market pricing power of commodity suppliers. The results do not change substan-
tially indicating that Canada, New Zealand, and Australia may be treated as price
takers for commodities they export. Another source of bias may arise due to global
shocks. Chen and Rogoff (2003) argue that in this case commodity prices should go
up while currencies of small open economies should depreciate. Since the estimates
indicate that shocks to commodity prices appreciate the exchange rates at least for
New Zealand and Australia, the authors rule out concerns about this type of bias. In
accordance with these findings, I treat commodity prices as exogenous.
The structural VAR model is the following:

ARLPR ARLPR,_
¢ APCOM, =1
Ao Az, =v+ B, 1 Az +
APENERGY,
Ayt Ayt—l
ARLPR,_
APCOMes | v 4 RA e +
'| APENERGY,_, | T 7* -4
Ayt—4
€t
APCOM,_,
*| APENERGY,_, “t
Tt

The model can be represented as:
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ARLPR
agl| a . sy| APooM, “
= € 5
o APENERGY, :

Ay, Tt
where A(L) = Ag — AL — ... — A4L*, B(L) = By + B;L + ... + B4L*, and L is the
lag operator.

Let ®(L) = 32, ®;L* be an operator such that
®(L)A(L) =I5
Then
ARLPRt €4
APCOM,

A =®(L)v+ D(L ®(L .

P (L) (L) APENERGY, (L) | &

Ay Tt

where D(L) = ®(L)B(L), and D(L) = ¥, D;L*.

The long-run effects from unit changes in the exogenous variables are described
by 32, D;, while the long-run effects from unit shocks to endogenous variables are
represented by Y2, ®;. These effects can be equivalently represented by the matrices
D(1) and ®(1) respectively. Permanent productivity shocks are identified by requiring
that they are the only shocks that have a long-run impact on relative productivity.
All other shocks have zero accumulated impact in the long-run. This means that the
matrix of long-run effects D(1) has zeros in the first row. The matrix ®(1) has zeros
in the first row except for the first element.

These conditions imply, in the manner of Shapiro and Watson (1988), that for
the first equation in the model

4 -
ARLPR, = fy+Y_ B jARLPR,_j+ Y B jAPCOM,_;

=1 =0

4 4 4
+ Z ,33,]-APENERGY;_J' + Z ﬁ4,jA$t_j + Z ﬂs,jAyt_j + Uy

7=0 3=0 7=0
the sum of all own lags for PCOM, PENFERGY , z, and y are zero, where the reduce-
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€t
form disturbance term 1); is the first row element of the ®(L) | ¢ | matrix. That
T
is, Y0825 =0, Xj—0B3; =0, Xj_9Bs; =0, and ¥j_,Bs; = 0. These conditions
imply that the equation can be rewritten as

4 3
ARLPR; = ﬁo + Z ,Bl,jARLPRt_j + Z ag’jAQPCOMt_j

=1 =0

3
+

a3 ;A’PENERGY;_; + 23: ;A + i s ; A%y + Uy
j=0 j=0 j=0

Since some of the RHS variables are correlated with 1;, namely A2z; and A2y, this
equation is estimated by instrumental variables using lags one to four of ARLPR;,
Az, and Ay, and lags zero to four of APCOM;, and APENERGY;.

The equations for z; and y; are reduced form equations since I do not identify
structural shocks for z and y. Since the residual term does not correlate with the
right-hand side variables, the equations are estimated by usual OLS.

2.5.3 Error-correction model

Models in 2.1-2.2 are in first-differences. They are misspecified if some of the variables
are cointegrated. I fail to find cointegration among the variables using single-equation
methods, as discussed in Section 2.4. The system-based approach, the Johansen
procedure, indicates the presence of one or more cointegrating vectors for the relative
price of nontraded goods. The disagreement between the single equation tests and
system-based tests is not surprising. Gregory et al. (2004) report that for the null
of no cointegration the correlation of p-values from a single-equation residual-based
test and a system-based test is very low even when the sample size is large. The
results of the Johansen procedure supporting cointegration may be due to violations
of normality. Other studies, by Canzoneri at al. (1999) and Kakkar (2003), using
different data and tests report cointegration among the price of nontraded goods in
terms of traded goods and productivity differentials for some countries. Therefore,
it is crucial to check the sensitivity of my results to the assumption that the relative
price of nontraded goods is cointegrated with commodity prices and the relative
productivity.
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The cointegrated vector is estimated using DOLS with two leads and lags (Stock
and Watson, 1993) in Table 2.6. I reproduce the estimated error-correction term for

convenience here:

eem=y —0.009 +0.070 PCOM —0.006 PENERGY +0.081 RLPR
(0.009) (0.005) (0.004) (0.016)

when the CPI data are used and

ecm=y +0.088 +0.031 PCOM +0.018 PENERGY +0.068 RLPR
(0.006) (0.003) (0.003) (0.013)

for the PCD data with standard errors in the parentheses.

The estimated coefficients are significant at the 5% significance level, except for
energy commodities in the first cointegrating vector when the CPI data are used.
The cointegrating vectors imply that positive shocks to non-energy commodity prices
appreciate the relative price of nontraded goods. This is consistent with theoretical
considerations since terms-of-trade improvements for Canada are supposed to increase
the relative demand for nontraded goods and consequently drive their relative price
up. Productivity improvements in the tradable sector appreciate the relative price
of nontraded goods. This is consistent with the Balassa-Samuelson hypothesis. As
was discussed before, shocks to energy commodities have a different impact on the
relative price depending on the measure used. In the case of the CPI data, the impact
is positive, although insignificant. In the case of the PCD data, the impact is negative
meaning that a positive shock to energy commodities appreciates the relative price.
This is the response one would expect given that Canada exports energy commodities.
However, previous studies by Amano and van Norden (1995) and Chen and Rogoff
(2003) found that shocks to energy prices depreciate the Canada-US real exchange
rate. It is interesting that in both cases CPI indexes were used to construct real
exchange rates. Thus, their surprising finding that shocks to energy prices depreciate
the Canada-US real exchange may not hold if GDP deflators are used instead.

The structural shocks are identified in the manner similar to 2.5.2. That is,
productivity shocks are identified as the only shocks that have a long-run impact
on labour productivity. Shocks to commodity prices are assumed to be exogenous.
Structural shocks to the relative price of traded and nontraded goods are not identified
individually, since only their aggregate impact is analyzed. The relative productivity
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variable, commodity prices, and the relative price of nontraded goods all share a
common stochastic trend. At the same time, commodity prices and the relative price
of nontraded goods do not affect the relative productivity in the long-run. Therefore,
the relative productivity variable is weakly exogenous. Since commodity prices are
exogenous, a disequilibrium in the long-run relationship among the variables has to
be corrected only through the relative price of nontraded goods. In other words,
the error-correction term enters only the equation for the relative price of nontraded

goods.

2.6 Forecast error variance decompositions

2.6.1 Cholesky decomposition

Table 2.7(a) reports mean square errors of 20-period ahead forecasts for z and 3.5 By
using (2.4), I find that the structural shocks propagating through the relative price
of traded goods account for 96% of the mean square error at this horizon for the real
exchange rate. This result that z accounts for at least 96% holds at any horizon up
to s=20, and, in addition, z accounts for at least 92% at horizons up to s=20 if a
VAR in levels is used. The 96% figure is consistent with Engel’s (1999) unconditional
variance decomposition finding that the relative price of traded goods account for at
least 95% of volatility in the real exchange rate. I find that, conditional on the real
variables, the structural shocks identified in the VAR model propagate through the
relative price of traded goods to the real exchange rate.

Table 2.7(b-c) shows the Forecast Error Variance Decompositions obtained from
the model. Table 2.7(b) contains the unweighted contributions. If the Balassa-
Samuelson model and terms-of-trade models are right, in assuming that real shocks
propagate only through the relative price of nontaded goods, we should see zero con-
tributions of real shocks to z, and high contributions to y. However, both predictions
are questioned in the Table. First, the contributions for z are not zero at a five-year
horizon and account for about 26% of the forecast variance of z. Second, the effects
of real shocks on z and y are roughly the same. Real shocks identified in the model

Table 2.7(a) also provides justification for dropping the covariance term in (2.4). Formally,
MSE(z + y)=MSE(z)+MSE(y)+2 MSE(z,y). The last term, the covariance of forecast errors, is
not zero since forecast errors are functions of structural shocks. However, as can be seen from the
Table, the MSE(z,y) is significantly lower than MSE(z) or MSE(y).
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account for about 39% of the forecast variance of y. There is some support for terms-
of-trade models since shocks to energy and non-energy commodity prices account for
roughly 26%. The Balassa-Samuelson hypothesis does not come through at all, as
the driving force of the story, shocks to productivity in the tradable sector account
for roughly 5% of the forecast error variance decomposition.

Table 2.7(c) uses the fact that the MSE for z contributes 96% to the MSE of
g to weight the contributions from the structural shocks. Table 2.7(c) shows that
real shocks affect the real exchange rate almost entirely through tradables. The total
contribution of real shocks to the real exchange rate through the relative price of
traded goods is around 25% while through the relative price of nontraded goods is
minor at 1.6%. The Balassa-Samuelson and terms-of-trade stories get even weaker
when we consider the real exchange rate, rather then the relative price of nontraded
goods.

Engel (1999) finds that the relative prices of traded z and nontraded goods y
are independent random walks. I assume that the forecast errors for Az and Ay are
uncorrelated. One may argue that if both relative prices are affected by real factors,
the relative prices cannot be independent. Since I control for real shocks, I can address
this issue. Table 2.7(b) shows that the relative price of tradables is driven by shocks
to itself at the horizon considered. Since the relative price of tradables z is more
volatile than the relative price of nontradables y, and is driven by shocks to itself,
the correlation between these two variables may be low even if they are both affected
by real shocks. Second, one may argue that if movements in the nominal exchange
rate pass through to prices, the relative prices of tradables and nontradables cannot
be independent. Table 2.7(b) shows that indeed there is some pass-through from z
to y. But since y is not so volatile as z, this pass-through does not contribute a lot
to the comovement of the two relative prices.

It is interesting whether the results are robust to other measures of z and .
Table 2.8 presents weighted and unweighted contributions when the PCD data are
used. The overall story stays the same. Real shocks are equally important for the two
relative prices. Since the relative price of nontraded goods does not matter much for
the real exchange rate, real shocks propagate, to the extent they do, almost entirely
through the relative price of traded goods.

The finding that real shocks propagate through the relative price of traded goods
may not contradict theoretical considerations after all. Indeed, real shocks may affect
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Table 2.7: Forecast error variance decompositions with Cholesky identify-
ing restrictions: CPI data

(a) Mean square errors of 20-period ahead forecasts
z Yy
z 5.591 x 10~® 0.007 x 1073
y 0.007 x 10™3  0.225 x 10~

(b) Unweighted contributions

PENERGY PCOM RLPRM RLPRS z y

z 0.068 0.078 0.071  0.047 0.683 0.053
(0.035, (0.034,  (0.029, (0.019, (0.395, (0.019,

0.201) 0.219)  0.196) 0.173) 0.689) 0.155)

y 0.074 0.186  0.052  0.079 0.117  0.492
(0.035, (0.061,  (0.021, (0.023, (0.043, (0.266,

0.213) 0.318)  0.194) 0.236) 0.252) 0.565)

(c) Weighted contributions of structural shocks to the real exchange rate

PENERGY PCOM RLPRM RLPRS z y

by = 0.065 0074  0.068  0.045 0.656 0.051
(0.034, (0.033,  (0.028, (0.018, (0.379, (0.018,

0.193) 0.210)  0.188)  0.166) 0.661) 0.149)

by y 0.003 0.007  0.002  0.003 0.005 0.020
(0.001, (0.002,  (0.001, (0.001, (0.002, (0.011,

0.009) 0.013)  0.008)  0.009) 0.010) 0.023)

A VAR in first differences with the Cholesky ordering (PENERGY, PCOM, RLPRM, RL-
PRS, z, and y) is used to calculate FEVDs 20 quarters ahead. (a) Mean square errors for
20-period ahead forecasts for z and y. (b) Decompositions for z and y. (c) Decompositions
for g, given that z contributes 96% of FEVD of g. 95% confidence intervals, constructed by
999 bootstrap replications of residuals keeping the same time across equations, are given in
the parentheses.

Variables: See the description in Table 2.1. The CPI data are used to construct z and y.




37

Table 2.8: Forecast error variance decompositions with Cholesky identify-
ing restrictions: PCD data

(a) Unweighted contributions

PENERGY PCOM RLPRM RLPRS z y

z 0.051 0.060  0.072  0.046 0.719 0.052
(0.028, (0.026, (0.034, (0.020, (0.417, (0.017,

0.193) 0.193)  0.203) 0.176) 0.725) 0.348)

y 0.010 0.104  0.087  0.050 0.055 0.605
(0.046, (0.030,  (0.042, (0.028, (0.032, (0.348,

0.219) 0.226)  0.219) 0.177) 0.169) 0.615)

(b) Weighted contributions of structural shocks to the real exchange rate

PENERGY PCOM RLPRM RLPRS z y

by z 0.049 0057 0069 0043  0.683 0.049
(0.027, (0.025, (0.032, (0.019, (0.396, (0.016,

0.184) 0.183)  0.193) 0.167) 0.689) 0.143)

by y 0.005 0.005  0.004 0.002 0.003 0.030
(0.002, (0.001,  (0.002, (0.001, (0.001, (0.017,

0.011) 0.011)  0.011) 0.009) 0.008) 0.031)

A VAR in first differences with the Cholesky ordering (PENERGY, PCOM, RLPRM, RL-
PRS, z, and y) is used to calculate FEVDs 20 quarters ahead. (a) Mean square errors for
20-period ahead forecasts for z and y. (b) Decompositions for z and y. (c) Decompositions
for g, given that z contributes 95% of FEVD of q. 95% confidence intervals based on 999
nonparametric bootstrap replications or residuals with the same time across equations are
given in the parentheses.

Variables: PENERGY is the log of the real price of energy commodities; PCOM is the log
of the real price of non-energy commodities; RLPRM is the log of the relative Canada-
U.S. labour productivity in manufacturing; RLPRS is the log of the relative Canada-U.S.
productivity in services; z is the log of the relative price of tradables as defined in (2.2); y
is the log of the relative price of nontradables as defined in (2.3). The PCD data are used
to construct z and y.
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the nominal exchange rate. Further, prices may be sticky in the short-run. There are
other possible explanations why the law of one price may not hold for the relative
price of traded goods in the short-run. Even if goods arbitrage arises, it usually takes
some time before trade in goods may equilibrate relative prices and remove arbitrage
opportunities. The question is how long it takes for prices and the nominal exchange
rate to adjust to the law of one price equilibrium. In the theoretical literature it
is usually assumed that price stickiness longer that one year is unrealistic. Rogoff
(1996) reviews studies estimating half-lives with which deviations from PPP die out
and favours estimates in the range from three to five years. One would expect that at
a five year horizon deviations from the law of one price should die out and, therefore,
the relative price of nontraded goods should be the dominant factor in explaining the
real exchange rate at this horizon. I find that real shocks propagate entirely through
the relative price of traded goods at the horizons up to five years. This suggests that
slow adjustment in prices and the nominal exchange rate can not be responsible for
high contribution of real shocks to the relative price of traded goods at such horizon.

Another test of the slow adjustment story can be done by considering contribu-
tions of shocks at different horizons. Theoretical considerations based on the law of
one price for traded goods imply that arbitrage opportunities should be gradually
removed and the relative price of traded goods should matter less and less, while the
relative price of nontraded goods should gain in importance. To investigate this pos-
sibility, I calculate joint contributions of real shocks to the real exchange rate through
the two relative prices at different horizons in Table 2.9.

The story that emerges from Table 2.9 is the opposite to what one would expect
based on the deviations from the law of one price argument. Contributions of real
shocks through the relative price of traded goods do not decline, but rather gain
in importance at longer horizons. There is no way to explain these results as the
outcome of a slow adjustment process. First, the contribution of real shocks through
the relative price of traded goods should be low at a five-year horizon while I find that
it is high. Second, the contributions of real shocks should decline over time, while
they actually increase. I return to the discussion of this result in Chapter 3 where I
analyze possible theoretical explanations of the importance of traded goods.

The proposed Cholesky decomposition is based on the assumption that some
shocks are more “exogenous” than the others. Of course, there is some degree of
arbitrariness in such ordering. I investigate whether the result that real shocks prop-
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Table 2.9: Forecast error variance decompositions at different horizons for
Cholesky decomposition

CPI PCD
Horizon by z byy byz byy
1 0.047 0.007 0.062 0.013
5 0.187 0.015 0.170 0.017
10 0.246 0.015 0.209 0.017
20 0.257 0.015 0.218 0.018

Contribution of real shocks to the real exchange rate through the relative price of traded
(z) and nontraded goods (y) constructed using the CPI and PCD data at different horizons.

agate through the relative price of traded goods holds for other possible orderings.”
In all cases, I maintain the assumption that real shocks are at the top and the relative
prices are at the bottom of the orderings. This assumption implies that real shocks
affect the relative price but relative prices do not affect real shocks contemporane-
ously. I divide all variables in three groups: COMM for commodity prices, PROD
for relative productivity differentials, and PRIC for the relative prices. I consider the
following orderings: (COMM, PROD, PRIC) and (PROD, COMM, PRIC). I change
the order of the variables within each block. In total, there are 16 possible combina-
tions following this rule. For each combination, I calculate the joint impact of real
variables on the real exchange rate through the relative price of traded and nontraded
goods. While individual contributions change for each ordering, their joint impact
stays the same for all 16 orderings. Real shocks contribute 25.7% and 21.8% to the
real exchange rate variability at the horizon s=20 through the relative price of traded
goods with the CPI data and the PCD data respectively. Real shocks propagating
through the relative price of nontraded goods contribute 1.5% and 1.8% respectively

"Faust (1998) advocates to check robustness of results for different identifying assumptions.
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at the same horizon.

2.6.2 Long-run identifying decomposition

Table 2.10 shows contributions of shocks using the long-run identifying restriction.
The productivity shock is equally important in explaining the variance of the relative
prices of traded and nontraded goods and accounts for roughly 8-9% of the variance
decompositions when the CPI data are used and 10-12% when the PCD data are used
at the horizon s=20. These numbers are roughly similar to the ones obtained using the
Cholesky identifying restriction that resulted in approximately 12-13% contributions
from productivity shocks. Thus, the results with respect to the productivity shocks
do not change dramatically for the two identifying restrictions.

Shocks to commodity prices play a more important role in this long-run decom-
position. Shocks to non-energy commodity prices account for 38% of the variance
of z and 20% of the variance of y with the CPI data and 33% and 10% with the
PCD data. These higher contributions could be due to the condition imposed in this
identifying restriction that commodity shocks are exogenous. Finally, since structural
shocks to z and y are not identified, their contributions are presented together.

Using formula (2.4), I obtain the contribution of structural shocks propagating
through z to the real exchange rate to be around 97.5%. This is similar to the contri-
bution obtained using the Cholesky decomposition. Table 2.10(b) uses this number
to weight contributions of the structural shocks propagating through z and y to the
real exchange rate. The same story emerges with this decomposition. Real shocks
identified in the model propagate mainly through the relative price of traded goods.
The contribution of real shocks through z is even higher with this decomposition.
Permanent shocks to productivity and exogenous shocks to commodity prices prop-
agating through z account for approximately 49% with the CPI data and 46% with
the PCD data of the variance decomposition of g.

Table 2.11 also shows that contributions of real shocks through the relative price
of traded goods increase, while contributions through the relative price of nontraded
goods decrease. After one period, real shocks propagating through z account for 11-
14% of the real exchange rate variance decomposition. This contribution gradually
grows to 44-48% at a five-year horizon. The contribution of real shocks through the
relative price of nontraded goods slightly declines. As was discussed in the previous
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Table 2.10: Forecast error variance decompositions: Long run identifying
restrictions

(a) Unweighted contributions

CPI PCD
RLPR PCOM PENERGY =z &y PRPR PCOM PENERGY =z &y
x 0.087 0.384 0.023 0.506 0.101  0.329 0.026 0.544
y 0.082  0.204 0.100 0.614 0.122  0.096 0.132 0.650

(b) Weighted contributions to the real exchange rate

CPI PCD
RLPR PCOM PENERGY =z &y RLPR PCOM PENERGY =z &y
by z 0.085 0.374 0.022 0.494 0.097 0.317 0.025 0.525
by y 0.002 0.005 0.002 0.015 0.004 0.004 0.005 0.024

A VAR in first differences with the long run identifying restriction used to calculate FEVDs
20 quarters ahead. (a) Decompositions for z and y. (b) Decompositions for g, given that z
contributes 97.5% of FEVD of q.

Variables: PENERGY is the log of the real price of energy commodities; PCOM is the
log of the real price of non-energy commodities; RLPR is the log of the relative Canada-
U.S. labour productivity in manufacturing versus productivity in services; z is the log of the
relative price of tradables as defined in (2.2); y is the log of the relative price of nontradables
as defined in (2.3).
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Table 2.11: Forecast error variance decompositions at different horizons
for long-run identifying restrictions

CPI PCD
Horizon by z byy byz byuy
1 0.107 0.011 0.143 0.015
5 0.419 0.010 0.402 0.013
10 0.434 0.010 0.436 0.013
20 0.481 0.009 0.439 0.013

Contribution of real shocks to the real exchange rate through the relative price of traded
(z) and nontraded goods (y) constructed using the CPI and PCD data at different horizons.

sub-section, this is not the pattern one would expect based on theoretical considera-

tions, which have the importance of z in the transmission mechanism declining.

2.6.3 Error-correction model

The results of the model are presented in Table 2.12. Overall they are similar to
the results of the previous sub-section. The imposed cointegrated vector does not
change the variance decompositions dramatically. Productivity shocks and shocks to
commodity prices propagate almost exclusively through the relative price of traded
goods.

The story also does not change with respect to FEVDs at different horizons. Table
2.13 shows the usual pattern for the importance of shocks. Real shocks propagating
through the relative price of traded goods become more important as the horizon in-
creases, while real shocks propagating through the relative price of nontraded goods
decline in their importance. The error-correction term makes the transmission mech-
anism through the relative price of nontraded goods marginally more important, but
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Table 2.12: Forecast error variance decompositions: Error-correction
model

(a) Unweighted contributions

CPI PCD
RLPR PCOM PENERGY =z &y RLPR PCOM PENERGY =z &y
z 0.083 0.386 0.021 0.510 0.095 0.330 0.026 0.549
Y 0.083 0.261 0.096 0.560 0.135 0.116 0.147 0.602

(b) Weighted contributions to the real exchange rate

CPI PCD
RLPR PCOM PENERGY =z &y RLPR PCOM PENERGY =z &y

by z 0.081 0.375 0.021 0.496 0.091 0.316 0.025 0.526

by y 0.002 0.007 0.003 0.015 0.006 0.005 0.006 0.025

A VECM with the long run identifying restriction used to calculate FEVDs 20 quarters
ahead. (a) Decompositions for z and y. (b) Decompositions for g, given that z contributes
97.25% of FEVD of q.

Variables: PENERGY is the log of the real price of energy commodities; PCOM is the
log of the real price of non-energy commodities; RLPR is the log of the relative Canada-
U.S. labour productivity in manufacturing versus productivity in services; z is the log of the
relative price of tradables as defined in (2.2); y is the log of the relative price of nontradables
as defined in (2.3).
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Table 2.13: Forecast error variance decompositions at different horizons
for the EC model

CPI PCD
Horizon by z bywy byz byy
1 0.107 0.016 0.143 0.018
5 0.418 0.012 0.401 0.016
10 0.469 0.012 0.431 0.016
20 0.477 0.012 0.433 0.016

Contribution of real shocks to the real exchange rate through the relative price of traded
(z) and nontraded goods (y) constructed using the CPI and PCD data at different horizons.

still not enough to considerably outweigh real shocks propagating by z. Contributions
of real shocks through y increase from 9% to 12% using the CPI data and from 13%
to 16% using the PCD data when the error-correction terms are added.

2.7 Conclusions

A striking result that emerges from the analysis of this chapter is that real shocks
propagate almost entirely through the relative price of traded goods. This result is
surprising in the light of theoretical considerations that assign no role to the relative
price of traded goods in the transmission of real shocks. The relative price of traded
goods may play a role in the transmission mechanism in the short-run if real variables
affect the nominal exchange rate. In this case temporary deviations from the law of
one price for traded goods should arise, but goods arbitrage should eliminate these
deviations at longer horizons. Therefore, even if the relative price of traded goods
is important in the short-run, its importance should decline as the horizon widens.

Another striking result of my analysis is that the contributions of real shocks through
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the relative price of traded goods do not decline, while the contributions through the
relative price of nontraded goods do not increase at longer horizons.

I use three models and find that the results are robust to different identifying
strategies. The first model uses a Cholesky decomposition with real variables ordered
on the top, i.e. shocks to real variables affect the relative prices simultaneously, but
shocks to the relative prices do not affect real variables. Different possible orderings
discussed in the text all give the same cumulative effects for the importance of the
relative prices in the transmission mechanism. The second model uses the long-run
identifying condition that the only shock that has a long-run impact on relative labour
productivity is a technology shock. Commodity prices are treated as exogenous in
this model, and shocks to the relative prices are not identified individually. Finally,
the third model extends the second model by allowing the relative price of nontraded
goods to be cointegrated with real variables.

From my point of view, the second approach that uses the long-run identifying
restriction and assumes that commodity prices are exogenous is the most preferable
in the current context. First, this is the most common approach in the literature to
identify technology shocks (for example, see Gali, 1999, Francis and Ramey, 2003, and
Altig et al., 2002). Second, the residual analysis reveals that equations for commodity
prices show some violations of normality. Johansen (1992) shows that conditioning
on ‘problem’ variables may improve inference in the rest of the system. The second
approach uses commodity prices as exogenous. Third, shocks to the relative prices are
not identified individually. This is an advantage because a reasonable identification
scheme is not an easy task given that both relative prices contain prices of traded
goods. Finally, a Cholesky decomposition may pick nominal shocks that affect labour
productivity. It is known that labour productivity is pro-cyclical. The long-run
identifying restriction may avoid this problem as nominal shocks are not supposed to
affect labour productivity in the long run.

However, this identification scheme is subject to the critique by Faust and Leeper
(1997) that long-run effects are imprecisely estimated in finite samples, and this im-
precision is transferred by the long-run identifying scheme to the estimates of other
parameters. Faust and Leeper (1997) propose to use short-run (finite-sample) restric-
tions to check the robustness of results. I use the Cholesky ordering and find similar
qualitative results.

The model of the second approach is misspecified, and consequently the results
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are not valid, if some of the variables are cointegrated. Even though I failed to find
cointegration among the variables, I analyse whether the results are robust to possible
cointegration in the third approach. The imposed cointegration among the relative
price of nontraded goods and the real variables does not change FEVDs considerably.

The analysis of this chapter reveals that real shocks propagate almost entirely
through the relative price of traded goods, and that this relative price becomes more
important as the horizon increases. This finding is at odds with theoretical consider-
ations. In Chapter 3 of my dissertation I attempt to fill the gap between theory and
empirical evidence by developing a stylized model that assigns a role to the relative

price of traded goods in the transmission mechanism.



Chapter 3

An extension of the
Balassa-Samuelson model with a
role for traded goods in the

transmission mechanism

3.1 Introduction

The previous chapter highlights a gap between postulates of the theoretical literature
and empirical evidence. On the one hand, the theoretical literature generated by
the seminal work of Balassa (1964) and Samuelson (1964) on productivity shocks has
almost exclusively postulated that real shocks affect the real exchange rate through
nontraded goods.! On the other hand, Engel (1999) finds that movements in the
relative price of nontraded goods account for almost none of the movement of US real
exchange rates. Rather, he finds that the other component of the real exchange rate,
the relative price of traded goods, accounts for at least 95% of the volatility of the
real exchange rate.

!Nontraded goods play an exclusive role in the transmission mechanism because traded goods
are assumed to be homogenous across countries and the law of one price pins down the relative price
of traded goods at 1. In Section 2.2 the literature is reviewed and the log of the real exchange rate
q is decomposed ¢ = z + y, where z is the log of the relative price of traded goods and y is the log
of the relative price of nontraded goods. With homogenous traded goods, purchasing power parity
requires that z = 0 so that the real exchange rate is entirely explained by variations in the relative
price of nontraded goods, ¢ = y.

47
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Engel’s (1999) work has strong implications for the importance of real shocks.
Real shocks can only account for a maximum of 5% of real exchange rate volatility
if they only influence the relative price of nontraded goods (as maintained in the
Balassa-Samuelson model). On the other hand, if real shocks are important for the
real exchange rate, they must propagate through the relative price of traded goods.
Chapter 2 tests these implications explicitly with Canada-US data and finds that pro-
ductivity shocks and shocks to commodity prices affect the Canada-US real exchange
rate almost entirely through the relative price of traded goods.

Another surprising finding of Chapter 2 is that the contribution of real shocks
through the relative price of traded goods does not decline over time. This contra-
dicts theoretical considerations that assume that real shocks cause short-term devi-
ations from the law of one price parity that are eliminated by goods arbitrage at
longer horizons. These empirical findings call for explicit modeling of the transmis-
sion mechanism which allows real variables to propagate through traded goods. This
transmission mechanism is precluded in the existing Balassa-Samuelson model since
prices of traded goods are pinned down by the law of one price. In this Chapter,
I develop a minimal extension of the Balassa-Samuelson model which generates the
transmission mechanism through traded goods.

First, I split the tradable sector of a small open economy into commodity produc-
ing and manufacturing sectors. This allows me to study shocks to commodity prices
(terms-of-trade shocks) and productivity shocks in one framework. Resources are as-
sumed to be homogeneous across countries, and the small open economy producing
them has no pricing power; considerations relevant for resource exporting countries
like Canada, Australia, or New Zealand. These considerations determine the wage
rate in the resource producing sector. As in the Balassa-Samuelson model, labour is
mobile so that shocks that affect wages in one sector are transmitted through wage ad-
justments to the other sectors. Unlike the Balassa-Samuelson model, it is commodity
price shocks, rather than productivity shocks, that affect wages fully.

Second, I assume that manufacturing goods are heterogeneous. Manufacturing
goods produced at home and abroad are not perfect substitutes. The composite
traded good consists of commodities, home manufacturing good, and foreign manu-
facturing good. The model allows for the law of one price to hold for each individual
traded good; i.e. commodities, the home good, and the foreign good each trade at
the same price in both the home country and abroad.
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Third, I assume that consumers have a home bias in preferences toward domes-
tically produced manufacturing goods. The relative price of traded goods (bundle of
commodities and manufacturing goods) deviates from one only if there is a home bias
towards domestically produced manufacturing goods. The assumption of the home
bias is crucial for the model to generate the transmission mechanism through traded
goods. This assumption is used in other models such as Warnock (2003), Benigno
and Thoenissen (2003), and MacDonald and Ricci (2002).

I assume that home bias is given exogenously. It is possible to model home
bias endogenously, for example, by considering transportation costs as done in the
literature. The focus of my paper is to analyze whether home bias would be enough
to generate a transmission mechanism through the relative price of traded goods and
explain why this relative price does not decline in importance as the horizon widens.
If such a simplified model is successful in explaining these empirical findings, further
efforts can be devoted to refinements of the existing model. If the model is not
successful, further research should be directed to other possible approaches to break
the law of one price for traded goods.

The model predicts that productivity shocks in manufacturing depreciate the rel-
ative price of tradables. The mechanism behind this effect is the following. Produc-
tivity improvements allow producers to lower prices given that wages are not affected.
Home bias ensures that the relative price of tradables depreciates. This prediction
is similar to Benigno and Thoenissen (2003) and MacDonald and Ricci (2002). The
former model is based on the “new open economy macroeconomics” model of Obst-
feld and Rogoff (2000), while the latter is based on the “new” trade theory approach
of Helpman and Krugman (1985). The model of this paper is based on the classical
Balassa-Samuelson model (e.g. Obstfeld and Rogoff, 1996, Ch.4). The model shows,
in a parsimonious way, that the prediction that productivity shocks in manufacturing
depreciate the relative price of tradables depends on the assumption of the home bias.

The model predicts that shocks to commodity prices appreciate the relative price
of tradables. They drive wages up. Producers of manufacturing goods increase prices
to compensate for higher wages. Home bias ensures that the relative price of trad-
ables appreciates. The predictions of the model with respect to the relative price of
nontraded goods are similar to classical models.

The model is tested by analyzing impulse response functions based on dynamic
single-equation frameworks. I find that the relative price of tradables depreciates in
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response to both productivity and commodity shocks. The latter response contradicts
the model. Impulse response functions for the relative price of nontraded goods
support the importance of commodity prices for this relative price implied by the
model.

This is not the only paper that allows real shocks to propagate through traded
goods. Any model that allows traded goods to play a role in the transmission mech-
anism needs to break the law of one price. There are several approaches discussed
in the literature. Bergin (2003) uses translog preferences that allow producers to set
different prices at home and abroad in response to productivity shocks. Sticky prices
(local currency pricing) are assumed in Benigno and Thoenissen (2003), with respect
to productivity shocks, and in Engel (2004) with respect to commodity shocks. In
this paper, the law of one price holds for each traded good, but does not hold for the
composite traded good. It is well known that empirically the law of one price does
not hold even at the disaggregated level (see Rogoff, 1996). This fact may cast doubt
on the model of this paper. However, I argue below that the fact that the law of
one price does not hold may not imply that the law of one price does not hold in the
relative form with respect to real shocks.

I focus on real shocks in my model. While prices may be sticky with respect
to nominal shocks, they may not be sticky with respect to real shocks. Roberts
et al. (1994) find empirically that prices at the industry level adjust rapidly to
nominal cost innovations, while Clark (1999), using the same data, finds that prices
are very sluggish with respect to monetary policy shocks. Commodities are inputs in
the production of manufactures. Consequently, commodity and productivity shocks
affect the nominal cost. The evidence presented in Roberts et al. (1994) suggests
that these types of shocks pass quickly to nominal prices. Therefore, flexible prices
may be a desirable feature of a model explaining the transmission mechanism of real
shocks. The model of this paper shows how real shocks can propagate through traded
goods without assuming local currency pricing.

The contributions of this Chapter to the literature are the following. First, this
Chapter explores one possible direction to explain the empirical findings of Chapter 2.
The direction is based on home bias that is introduced in an otherwise standard model
(i.e. along the lines of Obstfeld and Rogoff, 1996). Second, the Chapter explores the
predictions of a set of the models with a role for traded goods in the transmission
mechanism. Finally, these predictions, along with predictions of my model, are tested
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directly by considering impulse responses of the relative prices with respect to real
shocks. This allows me to contrast the different models and make recommendations
for further research.

The Chapter proceeds as follows. Section 3.2 provides a brief review of the recent
literature. Section 3.3 develops a model that can be used to analyze how shocks to
commodity prices and productivity may affect the relative price of tradables. Section
3.4 tests the predictions of this model and other papers. Section 3.5 concludes.

3.2 A review of the recent literature

There are only a handful of papers in the literature that do not a priori assume the
law of one price holds for traded goods and instead have differentiated traded goods.
Key features and results of these papers are summarized in Table 3.1.

Fitzgerald (2003) reconsiders the Balassa-Samuelson hypothesis with differenti-
ated goods. Imperfect substitutability of goods implies that as productivity increases
the supply of traded varieties increases and the downward sloping demand curve im-
plies that the relative price of output falls. Consequently, wages increase by less than
in the classical model. The Balassa-Samuelson effect weakens. The model assumes
constant elasticity of demand, and thus implies that the relative price of tradables
is stationary.? This model cannot explain movements in the relative price of traded
goods.

Benigno and Thoenissen (2003) and MacDonald and Ricci (2002) show how the
relative price of tradables may be affected by shocks to productivity under constant
elasticity of substitution preferences. If households have a home bias toward domesti-
cally produced goods, the relative price of tradables may be affected in the long-run.
This can be illustrated by continuing the decomposition in (2.2) by further dividing
traded goods into home-produced manufacturing and foreign-produced manufactur-
ing goods according to:

pr =PBpa+ (1 - B)pr
pr = B'py + (1 - B%)pp
20Obstfeld and Rogoff (2000) show that given constant elasticity of demand preferences for dif-

ferentiated goods firms set prices at home and abroad so that the law of one price holds in relative
form.
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Table 3.1: Outline of recent studies modeling the impact of productivity
shocks on the relative price of traded goods (z)

Study Home bias Preferences Prices Response of z Integration and
cointegration

Fitzgerald No CES flexible not affected z is 1(0)

Benigno and Yes CES sticky  depreciation  cointegration

Thoenissen

MacDonald and Yes CES flexible depreciation  cointegration

Ricei

Bergin No translog flexible appreciation

Studies: Fitzgerald (2003), Benigno and Thoenissen (2003), MacDonald and Ricci (2002),
and Bergin (2003). Home bias means a preference toward domestically produced manu-
facturing goods. Preferences are over consumption goods. Prices can be flexible or sticky
(local currency pricing). z is I(0) means that z is stationary, while cointegration indicates
that  may be cointegrated with real variables if all are nonstationary.
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where py and pp are the logs of home-produced and foreign-produced manufacturing
goods sold at home. Superscript * indicates that the parameters and prices are for
the foreign country.

Assuming that foreign and domestic agents have different tastes towards home-
produced traded goods, i.e., § # B* , x can be further decomposed into:

z = B"(s + Py —pr) + (1= B°)(s + Py — pr) + (8 — B°) (o — Pi1).

Market segmentation Home bias

If the law of one price holds for each of the home and foreign goods, the market
segmentation part is zero. The relative price of traded goods is not zero, though,
if B # B*. Under this assumption, a higher productivity in tradables in the home
country would result in lower prices of home-produced tradables, py falls, and if
B > [B*, the relative price of tradables depreciates, = increases. The testable prediction
from this analysis is that the relative price of tradables depreciates in response to
higher productivity in tradables. Another testable prediction is that if the relative
price of tradables and pr — py are nonstationary, and the market segmentation part
is stationary since the law of one price holds, then z may be cointegrated with factors
affecting pr — pg.

The above studies all assume the CES preferences. Bergin (2003) considers
translog preferences. In this case, firms charge different prices at home and abroad
unless unit costs of production are the same in both countries. A positive shock to
productivity in the tradable sector causes the real exchange rate to appreciate, and
pricing to market accounts for half of the appreciation in the exchange rate. Both z;
and y; appreciate by the same amount. The mechanism behind the appreciation of y;
is the same as offered by Balassa and Samuelson. Higher productivity in the tradable
sector will drive wages and the cost of producing nontradables up. The relative price
of nontradables increases in response. The intuition behind the appreciation of z; is
the following. Firms price traded goods at home in response to the costs of produc-
tion of traded goods at home and abroad, and nontraded goods at home. Firms price
traded goods abroad in response to the costs of production of traded goods at home
and abroad, and nontraded goods abroad. Since the cost of production of nontraded
goods increases at home, firms will charge a lower price for traded goods sold abroad
than for traded goods sold at home (p}; — py is negative). Foreign firms also respond
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to the cost and charge a higher price in the home market (py — pr is negative). The
relative price of tradables appreciates.

Table 3.1 lists predictions of the above studies that can be tested. Constant elas-
ticity of substitution preferences imply that the relative price of tradables is stationary
unless there is a home bias. If there exists a home bias and z is nonstationary, then z
has to be cointegrated with real variables. The home bias and CES preferences imply
that the relative price of tradables depreciates in response to higher productivity in
the tradable sector. Translog preferences imply that the relative price of tradables
appreciates by the same amount as the relative price of nontradables. I will test these
predictions in Section 3.4.

The above models only consider productivity shocks. I am also interested in how
commodity prices affect the real exchange rate through the relative price of tradables.?
Shocks to commodity prices may be particularly important for countries with a high
share of commodities in exports like Canada, New Zealand, and Australia. Since
these small open economies do not influence the price of commodities in the world
markets, exogenous shocks to commodity prices may have effects on wages similar
to that of productivity shocks. I consider both productivity and commodity price
shocks in the rest of the Chapter.

3.3 Model

This section develops a simple model which allows tradables, as well as nontrad-
ables, to be channels through which shocks to real variables can impact the real ex-
change rate. The model differs in three respects from the basic small-open economy
Balassa-Samuelson model (e.g. Obstfeld and Rogoff, 1996, Ch.4). First, a commod-
ity producing sector is included in the model. Second, it is primary commodities,
rather than manufacturing goods, that are homogenous across countries. Commodi-
ties usually have similar characteristics across countries, while many manufacturing
products are differentiated. Therefore, this is a more reasonable assumption. Third,
like Benigno and Thoenissen (2003) and MacDonald and Ricci (2002), I include a
home bias; home consumers like their home produced manufacturing good more than
foreign consumers. The home bias is necessary to ensure that real variables affect

3Chen and Rogoff (2003) analyze how shocks to commodity prices affect the real exchange rate
through nontradables.
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the relative price of traded goods in this model. The home bias is usually present in
the data. In particular, I find the home bias in the Canada-US data (see details in
Appendix A).

There are two countries: home and foreign. All goods are produced according to
constant returns to scale. There are tradable goods (denoted with a subscript T) and
nontradable goods. Tradable goods produced in the home country are comprised of
primary commodities (C) and home manufacturing good (H). The two types of traded
goods and one type of nontraded goods are produced according to constant-returns

production functions,
Yo = AcF (K¢, Le), Yu = AuF(Knu,Ly), Yn = ANF(Ky, Ly),

where subscripts C, H, N denote the commodity producing sector, home manufactur-
ing sector, and nontradable sector respectively; K is capital, L is labour, and A is
total factor productivity. The foreign country produces only one type of traded good,
foreign manufacturing good (F), and one type of nontraded good (N*) according to
the following production functions: Yz = AR F(KF,Ly) and Yy = AVF(Ky, LY),
respectively.

All three traded goods (primary commodities, home manufacturing good, and
foreign manufacturing good) are consumed in the two countries. The home coun-
try is a small-open economy that has no pricing power over homogeneous primary
commodities. The price of commodities is set in the world market.

Labour is freely mobile within the country, but immobile internationally. This
ensures that wages are equal across the sectors within the country. Capital is assumed
to be perfectly mobile internationally. The total supply of labour is fixed: L=L¢ +
Ly + Ly. All markets, input and output, are assumed to be perfectly competitive.
With constant returns to scale, production functions can be expressed as y; = A; f (k;)
where y; = Y;/L; and k; = K;/L;, the capital-labour ratio, for each sector, i = C, H,
and N, respectively.

I use the price of foreign manufacturing goods as a numeraire: Pr for the home
country and Py for the foreign country. All other prices are measured relative to the
price of foreign manufacturing goods. The real interest rate r and the real wage w are
measured in terms of foreign manufacturing goods. The real interest rate is assumed
constant.
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Firms are assumed to be competitive and in the domestic sector maximize present-
value profits measured in foreign manufacturing goods

) 1 s—t
g (1 + 'r) [Pi’sAi,sF(Ki,sa Li,s) = wLi,s e AKi,s+l]

for each sector, i = C, H, and N. First-order conditions with respect to capital and

labour in per capita form imply:
PiAif' (ki) =, PiAi[f (ki) — f'(ki)ki] =w for i=C, N, H.

With constant returns to scale and competitive markets, payments to factors of pro-
duction exhaust output:

P;A,f(k,) =w+ 'I‘ki; for i = C, N, H,

and profits are zero when markets are competitive. Taking the log of the above
equations and differentiating, keeping r constant, gives:

dpi dA, + fl(k,)dk, _ dw 4 ’I‘dki

Pj Ai f(k,) n w+ Tki w + Tk,; '
Using the first order condition P;A;f'(ki) = r to substitute 575 for f'(k;), and using
the zero-profit condition P;A; f(k;) = w + rk; to substitute P;A; f (k;) for w + rk;, the
last equation reduces to

dpi + dA,, _ w d_w
Pi A PiAf(k) w’

that can be rewritten for each sector in the following form:

Peo + Ac = pre,

Py + Ax = prnib,

Py + Ag = prg,
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where prc = poammey MIN = Praeiiny: 304 HLE = Foaap0ey are constant
labour’s shares of income in commodity producing, nontradable and home manufac-

turing sectors respectively. A “tilde” above a variable denotes logarithmic derivative,
Z = dlog(z) = dz/z for any nonnegative variable z.

Since commodity prices and productivity are exogenous, the first condition reveals
that the wage is determined solely in the resource producing industry:

1 .
—(Pc + Ac).

w =
In the model wages are determined solely in the commodity-producing sector. This
result obtains because of the assumption of constant returns to scale in the resource
sector and the assumption that the country is a price taker with respect to resource
prices.
Substituting the wage w into the other equations gives:

Py = 'u—“i('f’c +Ac) — Ay, (3.1)
HLc

7511 = @-(‘ﬁc + /ic) — AH. (3.2)
KLC

Since generally the commodity producing sector is the least labour-intensive (ur¢),
while the nontradable sector is the most labour-intensive (xzy), these equations show
that shocks to commodity prices are magnified in their impact on other prices (uzy >
prm > pre). Since labour is mobile within the country, wages have to equalize across
the sectors. Producers in nontradable and manufacturing sectors will have to change
prices to reflect changes in costs.

The impact of commodity prices (and commodity productivity) in this model is
similar to the impact of productivity in the tradable sector in the Balassa-Samuelson
framework. The Balassa-Samuelson model assumes that traded goods are homoge-
neous and the law of one price holds for them. Exogenous productivity improvements
in the production of these goods are completely absorbed by wages, since the prices
of tradables are fixed by the law of one price. Producers of nontradables have to
increase prices of their products to compensate for higher wages.

The representative consumer maximizes a life-time utility function of the follow-
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o

U:=)_ B u(Cs)

s=t
subject to the constraint that the present value of the consumption expenditure is
equal to the sum of financial and human wealth:

= 1

3 (Hr)s—tpscs = (1+7)Q+Y

s=t s=t

1 s—t
(775) (k-6

where P denotes the aggregate price level, G denotes government expenditure, which
is assumed equal to tax payments, Q denotes individual’s financial wealth on date s.*
The solution to this problem gives optimal consumption. Given the total consumption
level, demands for the four individual goods are given by intratemporal maximization.

I assume the following Cobb-Douglas preferences of traded and nontraded goods:

ckecy

(1 —a)l-2q°’

0=

and for tradables:
CECHCy ™"

T YBE(L— = B)F

The representative agent each period maximizes the utility function

Cr

oo 1 croforT® e
(@ @)= \napP(l —y—~ f)-r- s

subject to the budget constraint Z = PoCc + PyCxr + Cr + PyCy. The first order
conditions for the maximization problem are:

(3.3)

’Y(l - a)Cz'(l—a)-l C}BIC}?—’Y_ﬁ e %_ _ AP — 0
(-a)  \ypf1-—7-p1F) o= TCT7

— XPy =0,

aa

B(1 — a)CR ! crCcL-# e
(-aye  \7B(1-- B
(1-7-B)1 —a)Cch A1 cLct e ca

(1 — a)l‘a 77ﬂﬁ(1 —y— ﬁ)l—-'y—ﬁ o

“The treatment of the consumer’s problem follows Obstfeld and Rogoff (1996, Section 4.4) with
the only difference that I assume a Cobb-Douglas specification rather than a CES.

— A =0
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— APy =0,

1 ey T el
A —ajt-o \y (1 =y — g)t-1-F

where A is the Lagrange multiplier. These conditions can be rewritten as:

aa

PuCx = BPcCc/7,

Cr=(1—7v—-B)PcCc/r,
aPcCc
Y(1-a)’

and after substituting in the budget constraint one obtains:

PnCn =

_ Zy(1 - a)'

Ce P

Similarly, Cyr = 2522, Cp = (1 -7 - B)(1 - @)Z, and Cy = $Z.

Substituting the solution back to the utility function in (3.3), one can find P as
the minimum expenditure function such that C=1. This gives:

P = Py °P%; Pr=PLP5.

Foreign preferences are assumed to be the same o = o*, v = v*, except 3* < .
This implies that agents have the same preferences for primary commodities and
nontradables, but prefer home-produced manufacturing goods. That is,

Pt =Pl Py Pr=PL P .

At this point, it useful to go back to nominal prices since this is how the decom-
position of the real exchange rate that follows is usually done in the literature. The
prices of traded goods are:

Pr=PYPoPE 7, Pr= PLYPIE Pil8,

The log of the real exchange rate, @ = SP*/P, is ¢ = s + p* — p. Using the
formulas for P and P*, one obtains

g=s+(1-a)pr+apy — (1—a)pr —apy =
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s +pr — pr + a(py — pr — (PN — P1)),

which is the familiar decomposition of Section 2.2 implying ¢ = z + y. In this case
the logarithm of the relative price of tradables in the long run is

z=s+ph—pr=

Y(s+pg—pc)+B* (s+py —pu)+(1—v—B")(s+pr—pr) — (8- B8")(pa —pF). (3.4)

The three first terms in (3.4) are zero if the law of one price holds for each individual
good.® Since the law of one price holds when preferences have constant elasticity of
demand, equation (3.4) simplifies to

r=—(B— 6‘)(193. — DF). (3.5)

The relative price of nontradables is

y = ofpy — pr — (P~ — P1)]- (3.6)

It is difficult to analyze (3.6) directly by using prices of foreign and domestic
goods, because these prices are endogenous and proper identification may not be
achievable. This point is illustrated by Obstfeld and Rogoff (2000) for the terms
of trade. If producer prices are fixed and exchange rate pass-through is perfect,
both terms of trade and real exchange rates move one-to-one. If prices are fixed
in local currency, the correlation would be perfectly negative. If there is a mix of
both pricing mechanisms and given that the exchange pass-through is not perfect, the
identification of terms-of-trade shocks may be impossible. The same argument applies
here to pg —pr, the relative price of domestic manufacturing goods in terms of foreign
manufacturing goods: a mix of both pricing mechanisms and imperfect exchange-rate
pass-through makes the identification of shocks to py — pr impossible. Exogenous
productivity measures and commodity prices are preferable in such a situation.

If prices py — pr, PN, Py, PN, Pr, T and y have stochastic and deterministic
trends, equations (3.5) and (3.6) indicate that the cointegrating vectors imply both
stochastic and deterministic cointegration. Consider the relative price of traded goods

5The relative price of traded goods, X, is different from terms-of-trade, which is the relative
price of imports in terms of exports. In this model, terms-of-trade is the relative price of foreign
manufacturing good in terms of trade weighted prices of commodities and home manufacturing good.
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and equation (3.5), for example. Suppose the relative price py — pr is characterized

by the following process:

PH — PF = Mo+ it + Uy U = Up1 + 6,

where ¢, is stationary. The relative price of traded goods is affected by real variables
that are described by the following process:

c=yg+wntt+e; eg=e_1+E&,

where &, is stationary. Equation (3.5) implies stochastic, u; — 7'e; = I(0), and deter-
ministic, u; = v'v1, cointegration.

I use (3.1) and (3.2) to model changes in py and py. I ignore changes in the
productivity in the resource producing sector, i.e. I drop A¢ from (3.1) and (3.2).
This is a reasonable assumption as commodity prices are expected to be more volatile,
due to changes in the world demand, than productivity changes in the resource pro-
ducing sector.® I assume that the price of foreign manufacturing goods depends on
foreign productivity only, a}. The price of foreign nontradable goods depends on the
productivity in the nontradable sector. Consequently, the relative price of nontraded
goods depends on a}; and ay: py = —ay + ap.

The relative price of tradables in (3.5), given (3.2) and the assumption about the
price of foreign goods, can be written as:

&= (8- B")(@n —ap — “2P). (3.7)
KLc
This equation describes the transmission mechanism of commodity prices and produc-
tivity shocks to tradables. I discuss below how shocks to productivity and commodity
prices propagate.
The relative price of nontradables in (3.6) can be rewritten using (3.1), (3.2) and
the assumption on foreign nontradable goods:

~

7= alay — ay — ‘:—NPC — (8- B")(an — &y — ’;"T”Pc)) (3.8)

8As a robustness check, I augmented non-energy commodity prices by labour productivity in the
Canadian forestry and mining industries. This did not change any results qualitatively. For further
analysis, I only consider commodity prices.
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This equation describes the transmission mechanism for the relative price of nontraded
goods. I discuss below how shocks to productivity and commodity prices propagate.

It is possible to calibrate the equations describing the transmission mechanism.
The home bias § — 5* is estimated in Appendix A for Canada-US to be around 0.27.
The values of labour’s shares of income for Canada are taken from Macklem (1995):
pre = 044, prg = 0.64, and pry = 0.72. A share of nontraded goods, a, is estimated
in Appendix A to be 0.44 approximately, using the CPI data, and 0.52, using the PCD
data. Table 3.2 shows the responses of z and y to one standard deviation shocks
in the real variables. Commodity prices play an important role for both relative
prices in this model. One standard deviation shock (0.28%) to non-energy commodity
prices (PCOM) appreciates the relative price of traded goods z by roughly 0.11% and
the relative price of nontraded goods y by 0.15%. Productivity shocks (0.06%) in
manufacturing, RLPRM, depreciate the relative price of traded goods by 0.018% and
appreciate the relative price of nontraded goods by 0.008%, thus depreciating the real
exchange rate. In comparison, the calibrated responses in Benigno and Thoenissen
(2003) for Euro-UK data also show that the real exchange rate depreciates in response
to productivity shocks in the tradable sector. Productivity improvements (0.03%) in
the nontradable sector, RLPRS, depreciate y by 0.013%.

Table 3.2 shows that shocks to commodity prices are the most important. This is
because the resource-producing sector is the least labour intensive sector where wages
are determined. Table 3.2 also reveals that this model cannot account for the fact
that real variables affect the real exchange rate almost entirely through z as found
empirically in Chapter 2. This is also consistent with Engel (1999), who finds that
different weights used to aggregate prices do not change the main prediction; z almost
entirely accounts for the persistence and volatility of real exchange rates.

The predictions of my model are quite different than Chen and Rogoff (2003), who
modify the Balassa-Samuelson model to include shocks to commodity prices. In their
model, productivity shocks operate as in the classical Balassa-Samuelson model. They
drive wages and the price of nontradables up, and the relative price of nontradables
y appreciates. In contrast, in my model, manufacturing productivity shocks drive
prices of tradables down and, if there is a home bias, the relative price of tradables
depreciates while the relative price of nontradables appreciates. In Chen and Rogoff
(2003), shocks to commodity prices appreciate the relative price of nontradables y,
and affect the real exchange rate through y. In my model, shocks to commodity prices
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Table 3.2: Calibrated responses of the relative prices of traded and non-
traded goods to real shocks

PCOM RLPRM RLPRS

z -0.109 0.018 0
y -0.152 -0.008 0.013

Calibrated responses of the relative prices of traded and nontraded goods to one standard
deviation shocks in the real variables based on equations (3.7) and (3.8).

Variables: PCOM is the log of the real price of non-energy commodities; RLPRM is the log
of the relative Canada-US labour productivity in manufacturing; RLPRS is the log of the
relative Canada-US productivity in services; = is the log of the relative price of tradables
as defined in (2.2); y is the log of the relative price of nontradables as defined in (2.3).
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appreciate not only the relative price of nontradables y but also the relative price of
tradables z.
It is useful to summarize the predictions of the model that can be tested.

Prediction 1: x is nonstationary.
This prediction follows from (3.7) and (3.8). It requires the following assumptions:

1. pg — pr is nonstationary,
2. The home bias exists, i.e. 8 # (%,
3. The law of one price holds for each individual good.

This prediction is also implied by models in Benigno and Thoenissen (2003) and
MacDonald and Ricci (2002) since these studies also make assumptions 2 and 3.

Prediction 2: x is cointegrated with ay — ay and Pc.

Equations (3.4), (3.5), and (3.6) explain this prediction. If the law of one price
holds for each individual good the first three terms in (3.4) are stationary. If 2 and
pr — pr are nonstationary, they have to be cointegrated, given that the home bias
exists. The model implies that pgy — pr is explained by ag —a} and Pc. Therefore,
has to be cointegrated with ag — a} and Pg, if all three variables are nonstationary.
This prediction requires the same three assumptions listed above. Consequently, it
is also implied by the models in Benigno and Thoenissen (2003) and MacDonald and
Ricci (2002).

Prediction 3: A positive shock to ay — a} increases z, i.e. depreciates the relative
price of tradables.

This prediction follows from (3.7). The intuition is the following. Higher relative
productivity in the tradable sector allows domestic producers to decrease prices of
manufacturing goods so that pg — pr decreases. Home bias ensures that the relative
price of tradables depreciates.” This prediction is consistent with models in Benigno

TAn interesting test of this model would be a comparison with the Balassa-Samuelson model.
In particular, which channel is more important: higher productivity in manufacturing resulting in
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and Thoenissen (2003) and MacDonald and Ricei (2002). Bergin’s (2003) model pre-

dicts an appreciation in this case.

Prediction 4: A positive shock to Po decreases z, i.e. appreciates the relative price
of traded goods.

This prediction follows from (3.7). Higher commodity prices drive wages in
Canada up in all sectors.® Producers of manufacturing goods increase prices of their
products to compensate for higher wages. Since there is a home bias in consumption

of manufacturing goods, this increase appreciates z.

Prediction 5: Shocks to real variables affect y according to

y =9(pc,am — ap,an — ay).
T —

The impact of commodity prices (pc) on y can be described as follows. Higher
commodity prices increase wages in the country. Producers of nontradables and
manufacturing goods increase the prices of their products in response. Since the
nontradable sector is more labour intensive than manufacturing and since the home
bias B — B* is not large, the price of nontradables increases by more than the price of
tradables in Table 3.2.

Higher relative productivity in manufacturing decreases prices of manufacturing
products. Home bias ensures that domestic prices of tradables decrease by more
than foreign prices. Consequently, the relative price of nontradables y appreciates.
Higher relative productivity in nontradables negatively affects prices of nontradables
at home relative to prices abroad. Consequently, the relative price of nontraded goods
depreciates.

The predictions of the model for the relative price of nontraded goods are sim-

higher wages, or higher productivity resulting in lower prices. The first channel will reinforce the
Balassa-Samuelson model, while the second channel will give some support to my considerations.
Edge et al. (2003) analyze the responses of wages and prices to technology shocks using aggregate
data and find that prices fall immediately in response while nominal wages are very sluggish, thus
somewhat supporting the considerations in this paper. I plan to analyze sectoral technology shocks
in future work.

8Wages in the United States are not affected since the United Sates does not produce commodities.
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ilar to classical studies. However, the mechanics is different for manufacturing. In
the Balassa-Samuelson model, productivity shocks in the manufacturing sector drive
wages up causing the relative price of nontradables to appreciate. Here, productiv-
ity shocks drive prices of manufacturing goods down causing the relative price of
nontradables to appreciate.

The next section analyzes the predictions of the model of this section empirically.
To allow for the possibility that energy and non-energy commodity prices have differ-
ent impacts on the real exchange rate empirically, I use two commodity price indexes
for P; in the empirical part of the Chapter.®

3.4 Empirical results

This section uses the same data as in Chapter 2. Consequently, the details of testing
for unit roots and cointegration can be found there. In this part, I briefly overview
some of the test results that are relevant for the predictions. Tests for unit roots reveal
that the null hypothesis of a unit root cannot be rejected at the 10% significance level
for all series. For the relative price of traded goods this supports Prediction 1. Home
bias (or failure of the law of one price) and nonstationarity of py — pr ensures that
T is nonstationary.

Single-equation tests for cointegration cannot reject the null hypothesis of no
cointegration, implying that the variables may not be cointegrated. Therefore, there
is no support for Prediction 2. The variables may not be cointegrated if the law of
one price does not hold for traded goods. It is known that the law of one price does
not hold well empirically even at the very disaggregated level (see Rogoff, 1996). In
this case, the first three terms in (3.4) do not have to be stationary, and therefore
does not have to be cointegrated with py — pr.

The Johansen tests find some evidence for cointegration especially for the relative
price of nontraded goods. The residual analysis, however, reveals some violations of
normality such as excess kurtosis. Huang and Yang (1996) report that the Johansen
method tends to overreject the null of no cointegration, compared to single equa-

tions methods, when the errors are not independent normal. Therefore, the evidence

% Amano and van Norden (1995) and Chen and Rogoff (2003) report, in their empirical studies,
that non-energy and energy commodities have different impacts on the real Canada-US exchange
rate.
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coming from the Johansen tests may be due to the violation of the normality.

It is interesting to compare my results for cointegration with other studies. Can-
zoneri et al. (1999) and Kakkar (2003) test for possible cointegration between py —pr
and ayg — ay for a panel of countries. The former study uses labour productivity as a
measure of productivity, while the latter study relies on labour-share-adjusted total
factor productivity. In the first case, it is found that the analyzed variables are coin-
tegrated for Canada and the United States using the ADF test (but not for Canada
using Phillips-Perron tests). The second paper find cointegration for Canada and
somewhat mixed results for the United States using canonical cointegration regres-
sions with the null of cointegration.

These results should not be viewed as in contradiction to my results. First, I test
for cointegration between y and real variables, not between py — pr and ay — ay for
each country. The component y is the relative relative price, i.e. p}, — py relative to
pny — pr. Cointegration of py — Pr and ag — ay will imply cointegration among y,
ag — ay and ay — aj, only if cointegrating vectors are the same for two countries.

Indeed, if pv — pr — n(ag — an) = 1(0) and py — p7 — n*(af — ajy) = I(0) then
y =o' (py —p7) —apy — pr) =

a*I(0) + a*n(ag — an) — aI(0) — an*(af — ay).

Only if o*n = an®, y has to be cointegrated with ag —a} and ay —a},. Second, I add
commodity prices to the cointegration space. Third, we use different data sources.
Canzoneri et al. (1999) and Kakkar (2003) use the OECD International Sectoral
Database, while I rely on national statistical agencies. Finally, we use different tests.
For example, Kakar (2003) cannot reject the null of cointegration, while I cannot
reject the null of no cointegration. Both results can be due to low power of the tests.

3.4.1 Dynamic models and impulse response analysis

In order to test Predictions 3 to 5, I analyze the dynamic relationship among the
variables using single-equation models conditional on exogenous real variables. Con-
ditioning on exogenous variables is advocated by Johansen (1992) and Pesaran et al.
(2000) among others. The residual analysis of Section 2.4 reveals that equations for

commodity prices exhibit some ‘problematic’ features, such as violations of normal-
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ity. The equation for the productivity differential in some cases shows signs of serial
correlation. Johansen (1992) indicates that conditioning on exogenous variables that
exhibit problematic features makes it likely that the rest of the system will be better
behaved statistically. Since I treat commodity prices and productivity differentials
as exogenous with respect to the relative prices, it may be advantageous to conduct
an analysis conditioning on these variables. Pesaran et al. (2000) recommend an ap-
proach in which a subset of variables, if justified, is treated as structurally exogenous,
paving the way for a more efficient multivariate analysis. The models analyzed in-
clude models in first differences and single-equation error-correction models imposing
the cointegrated vectors estimated by DOLS.

A starting point of this analysis is models in first differences since the single-
equation tests of Section 2.4 failed to find cointegration. The model for the relative
price of tradables (z) includes four lags of the explanatory variables:

4 4
Az(t) = ap+ Y ajAz(t — j)+ > ;ARLPRM(t — j)

=1 =0

- 4
+ > vAPENERGY (t —j) + Y 6;APCOM(t — j) + €(t),

=0 =0
where RLPRM is relative Canada-US productivity in manufacturing, PENERGY and
PCOM are real energy and non-energy commodity prices.

Figure 3.1 shows the impulse responses of z to one standard deviation shocks to
the explanatory variables. Prediction 3 is that this relative price needs to depreciate
with respect to positive productivity shocks. The response of z with respect to a
productivity shock confirms the prediction; the relative price of tradable goods de-
preciates. A one-standard deviation (0.06%) shock to productivity in manufacturing
causes the relative price of traded goods to depreciate by 0.01% in the long-run. This
response is also consistent with calibrated simulations of Benigno and Thoenissen
(2003) for the UK-euro relative price of tradables. MacDonald and Ricci (2002) re-
port that the impact of productivity in tradables on the real exchange rate is negative
as soon as the impact of wages in tradables is controlled for in a panel dynamic OLS
estimation of nine bilateral US dollar real exchange rates. The impulse responses
presented here complement these studies and explicitly demonstrate that the rela-
tive price of traded goods depreciates in response to higher productivity in tradables.
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Bergin’s (2003) prediction that z appreciates in response to productivity shocks in
manufacturing is rejected for my data.

Prediction 4 is that = appreciates with respect to positive shocks to commod-
ity prices. The response of the relative price of traded goods to a positive shock to
non-energy commodity prices, shown in Figure 3.1, contradicts Prediction 4. The
response shows that the relative price of tradables depreciates. A one-standard devi-
ation shock (0.28%) causes the relative price to depreciate by 0.03% at the five-year
horizon. This response is puzzling. To get further insights, I decompose z into the
nominal exchange rate s and the ratio of prices p; — pr. Figure 3.3 shows that the
nominal exchange rate appreciates on impact as expected. The ratio of prices in-
creases significantly after two quarters. US manufacturing producers increase prices
by more than Canadian producers in response to higher commodity prices. This
result needs further assessment and investigation. The theoretical model assumes
that production sides are similar in the two countries, and the only asymmetry is
that Canada produces primary commodities while the US does not. Thus, commod-
ity shocks have an impact on wages in Canada but not in the United States. This
impact on wages affects all prices in the economy and through the home bias the
relative price of tradables. One possible explanation to the puzzling response is that
production structures are different in the two countries with respect to commodities
as inputs. Due to this possible asymmetry, US producers may have to increase prices
by more than Canadian producers.

The model for the relative price of nontradables is:

4 4 4
Ay(t) =Bo+ D BiAy(t — j) + > k,ARLPRM(t — j) + 3. i; APENERGY (t — j)
=0

j=1 7=0 J

4 4
+ > 6;APCOM(t — j) +>_9,ARLPRS(t — j) +£(2),

=0 3=0
where RLPRS is the relative productivity in nontradables.

Figure 3.2 shows impulse response functions for y with respect to one standard
deviation shocks to the explanatory variables. Note that the responses are insignifi-
cant for all variables except non-energy commodity prices. The fact that commodity
prices are more important for the relative price of nontraded goods corresponds to
the calibration of the theoretical model presented in Table 3.2. The impulse response
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Figure 3.1: Impulse response functions of the relative price of traded goods to real

shocks
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Models in first differences. Dynamic response of the relative price of traded goods to
one standard deviation shocks to explanatory variables. 90% confidence intervals are
based on 999 nonparametric bootstrap simulations with replacement. The relative

prices are constructed using the CPI data. Variables are described in Table 2.1
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Figure 3.2: Impulse response functions of the relative price of nontraded goods to
real shocks
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Models in first differences. Dynamic response of the relative price of nontraded
goods to one standard deviation shocks to explanatory variables. 90% confidence
intervals are based on 999 nonparametric bootstrap simulations with replacement.
The relative prices are constructed using the CPI data. Variables are described in

Table 2.1
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Figure 3.3: Impulse responses of the price ratio and the nominal exchange rate
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Figure 3.3
Dynamic response of the log price ratio of traded goods (p% — pr) and the log
nominal exchange rate s to an one standard deviation shock in commodity prices.
90% confidence intervals are based on 999 parametric bootstrap simulations
assuming normal disturbances. The CPI data are used to construct the price ratio.

functions of this section support the importance of commodity prices for y.

I investigate whether the responses obtained with the CPI data stay the same
when the PCD data are used. Figures 3.4 and 3.5 show responses of the relative
prices to the same real shocks, but the relative prices are constructed using personal
consumption deflators. Figure 3.4 shows no change in the qualitative responses of the
relative price of traded goods. Figure 3.5, however, shows that responses change. All
responses are now of the right sign, while two responses to productivity shocks are still
insignificant. The relative price of nontraded goods appreciates in response to shocks
to non-energy and energy commodity prices. Again, the response of the relative price
with respect to energy shocks depends on the measure used to construct the relative
price. The relative price based on the CPI data depreciates in response to energy
shocks, while the price based on the PCD data appreciates. These different responses
may be due to different concepts used to derive CPI and consumption deflator price
indices. The main difference between these indices is that the CPI assigns fixed
weights to prices of different goods, while the consumption deflators assign changing
weights. The CPI may overstate changes in the cost of living with respect to energy
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shocks because consumers may switch to cheaper goods and/or more energy efficient
goods.

The models developed above are misspecified if cointegration is present among
the variables. Even though I have not found strong evidence against no cointegration
in the previous sub-section, I pursue a possibility that these failures are due to the
low power of the tests and I estimate single-equation error-correction models for each
relative price.

For the relative price of tradables:

4 4
Az(t) = a+o+ > a;Az(t — j) + 3. ARLPRM(t — j)

! 4
+Y v APENERGY (t — j) + > ;APCOM(t — j) + AECM, (t — 1) + €(2),

7=0 7=0

and for the relative price of nontradables:

4 4 4
Ay(t) = Bo+ Y BjAy(t — j) + 3 k;ARLPRM(t — j) + 3" n,APENERGY (t — j)

j=1 3=0 j=0

=+ 24: 0,APCOM(t—j) + 24: Y;ARLPRS(t — j) + puECM,(t — 1) +¢(t),
i=0 J=0

where EC' M, and EC M, are error correction vectors estimated by DOLS and reported
in Table 2.6.

The responses for the relative price of tradables (z) to a permanent shock to
explanatory variables suggest that they may be nonstationary. This may be a con-
sequence that the imposed cointegrating vector is nonstationary. Thus, not only do
the tests of the previous sub-section fail to find cointegration, but also estimation
assuming one cointegrating vector reveals that cointegration is unlikely in this case.
This failure to find cointegration may be due to the failure of the law of one price for
traded goods. It also may be due to mis-specification of the model.

The responses of the relative price of nontradables (y) to permanent shocks are
in accordance with theoretical considerations. They reflect the imposed cointegrating
vectors at a five-year horizon.
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Figure 3.4: Impulse response functions of the relative price of traded goods to real
shocks using PCD data
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Models in first differences. Dynamic response of the relative price of traded goods to
one standard deviation shocks to explanatory variables. 90% confidence intervals
are based on 999 nonparametric bootstrap simulations with replacement. The PCD
data are used to construct the relative prices.
Variables: described in Table 2.1
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Figure 3.5: Impulse response functions of the relative price of nontraded goods to

real shocks using PCD data
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Models in first differences. Dynamic response of the relative price of nontraded
goods to one standard deviation shocks to explanatory variables. 90% confidence
intervals are based on 999 nonparametric bootstrap simulations with replacement.

The PCD data are used to construct the relative prices.
Variables: described in Table 2.1
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3.4.2 Tests for stability of coefficients

I explore the possibility that there is a structural break in the relationship among the
variables. Table 3.3 reports the results of the test that all of the coefficients including
the constant and coefficients on lagged dependent variables may have changed. All
tests show that there is not enough evidence to argue that the parameters changed
significantly in the sample for the relative price of traded goods (z). There is some
evidence that the parameters could change for the relative price of nontradables (y)
with the estimated breakpoint in 1980:2. I re-estimate the model for the two sub-
samples. The responses for the second subsample are similar to those for the whole
sample. The responses for the first subsample are somewhat erratic due to the fact
that there are 30 observations and 25 parameters to be estimated. These responses
are not presented here due to this small sample problem.

I further analyze the possibility that there is a structural break in parameters cor-
responding to lags of one explanatory variable at a time, while all other parameters
are assumed fixed. Table 3.4 indicates that there is some evidence that the relation-
ship between lags of the non-energy commodity prices variable and the relative price
of nontradables changed around the first quarter of 1980. I re-estimate the model
for the relative price of nontraded goods in first differences allowing for a structural
change in coefficients corresponding to lags of non-energy commodity prices before
and after the first quarter of 1980. The impulse responses do not change qualitatively.
The signs of responses stay the same.

Testing the error-correction models for possible structural breaks in the coeffi-
cients similar to the testing done for the model in first differences reveals a break
in the short-run dynamics around the same date. Re-estimated impulse responses

allowing for a structural break in the short-run dynamics do not change much.

3.5 Conclusions

The empirical results of Engel (1999) and Chapter 2 seriously undermine the foun-
dation of the Balassa-Samuelson model. This paper examines whether the existing
paradigm approach can be straightforwardly modified in a way that is consistent
with the data. In particular, this paper develops and tests a generalization of the ba-
sic Balassa-Samuelson that incorporates a role for traded goods in the transmission
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Table 3.3: Test for stability of all coefficients

Test Statistics Asymptotic Bootstrap Hetero-corrected

P-value P-value P-value
Dependent variable x
SupF 24.477 0.770 0.814 0.817
ExpF 9.626 0.766 0.842 0.841
AveF 14.458 0.896 0.892 0.902
Dependent variable y
SupF 57.032 0.005 0.037 0.099
ExpF 25.354 0.004 0.034 0.096
AveF 30.263 0.156 0.212 0.065

Estimated breakpoint 1980Q3

SupF test is due to Andrews (1993). Andrews and Ploberger (1994) suggest AvgF and
ExpF tests. All tests search for a break within [0.25T, 0.75T] range where T is the sample
size. The asymptotic p-values calculated as in Hansen (1997), bootstrap homoscedastic and
heteroscedastic p-values as in Hansen (2000). I am grateful to Bruce Hansen for making his
program publicly available at http://www.ssc.wisc.edu/~bhansen
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Table 3.4: Test for stability of coefficients corresponding to a lagged ex-

planatory variable

Model in first differences

Own laggs RLPRM PCOM PENERGY RLPRS
Dependent variable z
SupF 3.21 8.23 7.99 4.31
Break 1987:1 1987:1  1986:1 1991:2
Dependent variable y
SupF 5.36 13.99 15.33* 10.01 10.55
Break 1980:1 1986:4  1980:1 1983:2  1980:2

' Single-equation error-correction model

Own lags RLPRM PCOM PENERGY RLPRS
Dependent variable z
SupF 2.92 8.04 8.03 5.09
Break 1987:1 1987:1  1986:1 1991:2
Dependent variable y
SupF 5.64 12.78 16.77** 8.99 11.34
Break 1980:1 1986:4  1980:1 1983:1  1980:2

SupF test is due to Andrews (1993). I search for a break within [0.3T, 0.7T] range where
T is the sample size, and use asymptotic critical values from Andrews (1993). Asterisks *
and ** denote statistically significant at the 10% and 5% levels respectively.
Variables: see the description in Table 2.1.
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mechanism.

The generalized model is both a natural and parsimonious extension of the
Balassa-Samuelson model. It allows consideration of terms-of-trade and productivity
shocks in a unified framework. The extension is parsimonious since it maintains the
law of one price for each traded good. However, the model does not have the law
of one price for the composite traded good. This is necessary to allow traded goods
to act as a channel in the transmission mechanism. There are several approaches
to break the law of one price (local currency pricing, transportation costs, translog
preferences, home bias). The paper uses the home bias approach which is arguable
the most straightforward approach to incorporate in the Balassa-Samuelson model.

The model has several predictions that are tested in the paper. If the home bias
is not present, and the law of one price holds, then the relative price of tradables is
stationary. Since I find that z is nonstationary, there is some evidence that the law of
one price does not hold and/or that the home bias is present. The home bias and the
law of one price imply that the relative price of tradables may be cointegrated with
explanatory variables. I, however, fail to find cointegration using single equation
techniques. System approaches, like the Johansen method, find some evidence of
cointegration but the residual analysis reveals violations of some assumptions that
could make the results biased. The failure to support cointegration may be due
to known poor finite sample properties of the tests, rather than due to absence of
cointegration itself. The failure to find cointegration for the relative price of tradables
may be because the law of one price does not hold empirically (see Rogoff, 1996).

The model allows real variables to affect the relative price of traded goods and
predicts that productivity shocks should depreciate this relative price, while shocks
to commodity prices should appreciate it. The empirical analysis supports the first
prediction, but rejects the second prediction. The latter response is puzzling and
further empirical assessment is necessary to clarify the issue.

The model is successful in providing a role for traded goods in the transmission
mechanism, but it does not deliver an exclusive role to traded goods. Both the relative
price of traded goods and the relative price of nontraded goods are equally important
in the transmission mechanism. This suggests that other possible channels to break
the law of one price are worth considering before rejecting the presumption that real
shocks are important determinants of the real exchange rate.



Chapter 4

The real exchange rate and
Canada-US relative labour

productivity in manufacturing

4.1 Introduction

Labour productivity in Canada has fallen relative to that in the United States since
the 1980s, with the relative decline being particularly large in the manufacturing
sector. Canadian relative productivity in manufacturing has fallen by approximately
25 per cent since the mid-1980s, with much of this decline occurring since 1993 (for a
review of recent trends in productivity, see Crawford, 2002). At the same time, there
have been two episodes of significant Canadian dollar depreciation, first between
1976-1986 and second between 1991-2002. Some economists have argued that the
depreciation of the Canadian dollar has been a contributing factor to the decline
in relative productivity. Figure 4.1 presents indices of relative Canada-US labour
productivity in manufacturing and the real exchange rate between the two countries,
depicting their comovement over the period from 1961-2000.

One possible channel through which an exchange rate depreciation can affect
labour productivity in Canadian manufacturing is known as the factor-cost hypoth-
esis. It states that a real exchange rate depreciation makes imported capital goods
expensive relative to labour causing domestic producers to adopt more labour inten-
sive technologies in response to the higher relative price of capital. Labour intensive

80
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Figure 4.1: Canada-US real exchange rate vs relative labour productivity
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Figure 4.1
Real Canada-US exchange rate based on GDP deflators and relative Canada-US
labour productivity in manufacturing. Both series are set to one in 1961.
— Real Canada-US exchange rate
- - Relative labour productivity in manufacturing (Canada/US)
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technologies in turn would make labour less productive. Since 70% of machinery and
equipment is imported to Canada, this hypothesis is especially relevant for Canada.
The real exchange rate depreciation during the periods 1976-1986 and 1991-2002 may
have made capital relatively more expensive than labour, and firms may have sub-
stituted labour for capital. Both the capital-labour ratio and labour productivity
could fall as a result of the real exchange rate depreciation. Lafrance and Schembri
(2000), Harris (2001), and Bernstein et al. (2002) consider this channel as a possible
contributing factor in explaining the gap.

The purpose of this Chapter is to investigate whether the depreciation of the
Canadian dollar has contributed to lower relative labour productivity in the manu-
facturing sector through its impact on the capital-labour ratio. There has been no
rigorous empirical analysis of this hypothesis to our knowledge. Dupuis and Tessier
(2000) analyze possible Granger causality links between the Canada-US exchange
rate and relative productivity in manufacturing in a multivariate framework. How-
ever, their model does not include the relative capital-labour ratio and thus cannot
be used to test the factor-cost hypothesis directly. We contribute to the literature
by introducing the relative capital-labour ratio into a VECM which allows us to test
this hypothesis explicitly and to determine the contribution of the depreciation of the
Canadian dollar in explaining the Canada-US productivity gap.

Specifically, we first develop a VECM that includes the real exchange rate, the
relative Canada-US capital-labour ratio, the Canada-US labour productivity ratio and
other conditioning variables. We then examine impulse response functions to test the
factor-cost hypothesis and analyze how a shock to the real exchange rate propagates,
the timing and the magnitude of the impact on the relative capital-labour ratio and
labour productivity. Finally, we use forecast error variance decompositions to evaluate
the importance of shocks to the real exchange rate in explaining the forecast error
variance of the capital-labour ratio and labour productivity.

To foreshadow the results of our analysis, we find some support for the factor-cost
hypothesis. Impulse response functions show that the capital-labour ratio and labour
productivity increase in response to a real exchange rate appreciation, thus supporting
the factor-cost hypothesis. However, forecast error variance decompositions reveal
that shocks to the real exchange rate contribute only around 10% of the forecast error
variance of the capital-labour ratio and the relative labour productivity at a five-year
horizon. Shocks to the capital-labour ratio and relative labour productivity are far
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more important in explaining movements in relative labour productivity. Therefore,
the factor-cost hypothesis, through the depreciation of the Canadian dollar, cannot
be a driving force of the Canada-US productivity gap in manufacturing.

The organization of this Chapter is as follows. In Section 4.2 we discuss other
factors that can affect the relationship between the real exchange rate and productiv-
ity that we need to take into consideration in order to test the hypothesis properly.
Section 4.3 discusses the data construction and formulates a VECM model based on
theoretical considerations and empirical testing. In Section 4.4 we use the developed
model to construct impulse response functions and forecast error variance decompo-
sitions that are used to test the factor cost hypothesis and its importance. Section
4.5 concludes.

4.2 Literature review

To conduct this analysis properly, we need to consider other forces at work that can
affect the relationship between the real exchange rate and productivity. In particular,
one force that can reverse the causation between the real exchange rate and relative
productivity is the Balassa-Samuelson hypothesis. This states that differences in pro-
ductivity growth in the tradeables versus nontradeables sector between two countries
causes movements in the bilateral real exchange rate. This hypothesis implies that
higher relative productivity in the home country would cause its real exchange rate
to appreciate.! Thus, there is a two-way relationship between the real exchange rate
and productivity growth. The factor-cost hypothesis states that a real exchange rate
depreciation causes labour productivity to fall, while the Balassa-Samuelson hypoth-
esis arrives at the opposite conclusion and states that it is in fact a decline in relative
productivity growth that causes the real exchange rate to depreciate.?

Another possible explanation might be that the movements in the exchange rate
and productivity may simply reflect factors that affect both the exchange rate and

!The empirical evidence on the Balassa-Samuelson hypothesis is based mainly on cointegration
studies. See Alexius and Nilsson (2000), Alquist and Chinn (2002), Chinn and Johnston (1996),
Chinn(2000), Strauss (1996).

2The BS hypothesis states that differences in productivity growth in the tradable versus nontrad-
able sector between countries causes movements in the bilateral exchange rate. It is often assumed
that productivity growth in the nontradable sectors is equal across countries. Therefore, the dif-
ference in productivity growth in the tradable versus nontradable sectors between countries can be
proxied as the difference in productivity growth between countries’ tradable sectors.
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labour productivity. Lafrance and Schembri (2000) argue that cyclical movements in
aggregate demand and changes in fiscal policy can influence both the exchange rate
and productivity simultaneously. Higher aggregate demand for Canadian goods is
expected to lead to an exchange rate appreciation and to increased labour produc-
tivity. Since labour and capital cannot adjust immediately, labour productivity rises
(falls) during an expansion (contraction). A real exchange rate appreciation is asso-
ciated with higher productivity in this example, but this does not imply causation
in any direction as both the exchange rate and productivity are caused by higher
demand. Consequently, while testing the factor-cost hypothesis, we need to take the
Balassa-Samuelson hypothesis and cyclical movements into account.

It should be stressed that some of the gap in manufacturing labour productivity
between Canada and the United States can be attributed to different contributions of
information technology. A detailed analysis by Sharpe (1999) reveals that the gap be-
tween the Canada-US rate of productivity growth in manufacturing is concentrated
mainly in two industries: industrial machinery and equipment, and electronic and
other electrical equipment. These two industries include information and communi-
cation technology (ICT) industries. Information technology plays an important role
in the American growth resurgence during the last decade according to Jorgenson
(2001), among others. Oliner and Sichel (2000) and Stiroh (2001) suggest that ICT
use and ICT production were major contributing factors in the recent growth of US
labour productivity. In contrast, Armstrong et al. (2002) and Khan and Santos (2002)
found the use and production of ICT had less of an effect on labour productivity in
Canada.

We are interested in determining how exchange rate movements contribute to
the Canada-US productivity gap in manufacturing. If some of the gap is primarily
due to a smaller share of ICT production in Canada and due to the mix of ICT
goods produced in Canada, and these factors are presumably not affected by the real
exchange rate, then we should remove ICT producing industries from our analysis.
Unfortunately, we cannot do this over the same sample because aggregate hours
worked data for the US electronic and other electrical equipment industry are not
available prior to 1988 at monthly or quarterly frequencies. Prior to 1988, the sample
size for this industry was not large enough for the index of aggregate weekly hours to
be published. The fact that these two industries are included in our analysis could
bias upward the contribution of the real exchange rate to the labour productivity
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gap. We find, however, that even with these two industries included the contribution
of the real exchange rate is very small.

4.3 Model and data

This section discusses what variables are included into our analysis and the reasons
for their inclusion. We then test for nonstationarity and cointegration. Finally, we
discuss how impulse response functions and forecast error variance decompositions
can be used to test the factor-cost hypothesis.

4.3.1 Variables

The following variables are included in the analysis. Canadian variables include:
real GDP, GDP deflator, yield spread, the real exchange rate calculated using GDP
deflators, relative Canada-US labour productivity, and relative Canada-US capital-
labour ratio in manufacturing. In addition to the variables of interest (real exchange
rate, relative Canada-US productivity and capital-labour ratio in manufacturing), the
model includes Canadian and US GDP and GDP deflators so that cyclical movements
can be identified. The real price of oil and the real non-energy commodity price index
are included since they are considered important determinants of the real exchange
rate (see Amano and van Norden, 1995). The Canadian yield spread and the US
Federal Funds Rate are included to identify monetary policy impacts. We try to
identify all of these factors since they have an impact on the exchange rate and/or
the capital-labour ratio and labour productivity.®> Consequently, we need to isolate
their influence in order to test the factor-cost hypothesis properly. Table 4.1 explains
variable names used in the rest of the chapter. Figures 4.2 to 4.4 plot the variables.

There are several reasons why we work with the capital-labour ratio and labour
productivity in relative terms. First, this allows us to focus on asymmetric shocks to
capital and labour between the two countries. Any symmetric shocks, like the post-
1973 productivity slowdown, will not have an impact since we consider both variables
in relative terms. Second, the capital-labour ratio and labour productivity enter
the hypotheses of interest in relative terms. Specifically, it is relative productivity

30ther factors that might affect the Canada-US productivity gap are discussed in Bernstein et
al. (2002) and Crawford (2002).
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Table 4.1: Variable names

Variable

RER
YCAN
RLPR

PCAN
PCOM
POIl
YS

KL

YUS
PUS
RFFR

Description

log real Canada-US exchange rate

log real Canadian GDP

relative Canada-US productivity in manufacturing
RLPR=(YCAN — L) — (YUS — L*), where L and L* are
labour inputs in Canada and US respectively

log Canadian GDP deflator

real non-energy commodity price index

real price of oil

yield spread

relative Canada-US capital-labour ratio

KL= (K —-L)— (K*—L*), where K and K* are stocks of capital in
Canada and US respectively

log real US GDP

log US GDP deflator

real Federal Funds Rate
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Figure 4.2: Canadian variables

1400 T—— 0.04
|
1375 003
| 0.02 —
1350 —
0.01
1325 —
| 0.00
1300
001
1275
002 -
1250 7 003 -
1225 REan S e N Lt SEaE A a0 0 0 42 00 et o omp it L ey 0.0¢ ey T e
1961 1966 1971 1976 1981 1886 1991 1996 1961 1966 1871 1976 1981 1986 1991 1996
PCAN RER
025 -0.0000000 —
0.00
el 01000000 -
050 —
02000000
275
1.00 i
-0.3000000 —
1.25 ]
150 7 -0.4000000
175
200 T T 05000000 ———T T T -
1961 1966 1971 1976 1881 1986 1991 1996 1961 1966 1971 1976 1981 1986 1991 1996

Figure 4.2

YCAN is the log real Canadian GDP, PCAN is the log Canadian GDP deflator, YS
is the yield spread, and RER is the log real Canada-US exchange rate
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Figure 4.3: Commodity prices and relative productivity and capital-labour ratio
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Figure 4.3

KL is the log of Canada-US capital-labour ratio in manufacturing, RLPR is the log
of the relative productivity in Canadian versus US manufacturing, PCOM is the log
real price of non-energy commodities in US dollars, POIL is the log real price of
energy commodities in US dollars
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Figure 4.4: US variables
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Figure 4.4
YUS is the log real US GDP, PUS is the log US GDP deflator, RFFR is the US
Federal Funds Rate.
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that affects the real exchange rate in the Balassa-Samuelson hypothesis and it is the
relative (Canada-US) factor-cost ratio that is affected by the exchange rate in the
factor-cost hypothesis. Since the factor-cost hypothesis states that the capital-labour
ratio and labour productivity are affected by the exchange rate, through its impact
on relative factor-costs, we extend the main model by including relative factor-costs.

We treat the relative Canada-US capital-labour ratio and labour productivity
differentials in manufacturing as Canadian variables. We also assume that US vari-
ables are weakly exogenous. Thus, treating the differentials as endogenous will allow
the US variables to influence them, while at the same time, the differentials will not
affect the US variables, a plausible assumption.

Appendix B describes the construction of the data. The relative capital-labour
ratios and relative productivity were constructed for the purpose of this study, since

official data were not available at a quarterly frequency.

4.3.2 Tests for unit roots and cointegration

We test the series for unit roots allowing for a change in level and slope at an unknown
time and without such breaks. The break point is chosen so that the absolute value
of the t-statistics on the coefficient of the change in slope is maximized according to
Perron (1997). The data is GLS detrended following the suggestion by Elliott et al.
(1996). The optimal non-centrality parameter for detrending of this type of models is
found by simulations in Perron and Rodriguez (2003). The augmented Dickey-Fuller
test (Dickey and Fuller, 1979, and Said and Dickey, 1984) is then applied to the
detrended data. The number of lags in the augmented regression is chosen according
to the Modified Akaike Information Criterion proposed by Ng and Perron (2001). The
critical values for the test are given in Perron and Rodriguez (2003) when breaks are
allowed and in Elliott et al. (1996) with no breaks. The results are reported in Table
4.2. The null hypothesis of a unit root cannot be rejected at the 10% significance level
for all variables, except for the Canadian yield spread at the 1% level. It is interesting
that a unit root in the yield spread is not rejected if breaks are not allowed. I expect
that breaks in a drift for a random walk process would not play an important role
in further analysis. Consequently, breaks are not modeled in the rest of the Chapter.
In this case, the yield spread is better approximated by a first-difference stationary
process.
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Table 4.2: Unit root tests

a) Breaks b) No breaks

Variable k  Tb ADF C.V. k ADF C.V.

1% 5% 10% 1% 5% 10%
RER 1 1989:2 -2.251 -4.74 -414 -3.84 4 -1.544 -3.58 -3.03 -2.74
YCAN 1 1974:2 -2.432 -474 -414 -384 1 -0.652 -3.58 -3.03 -2.74
RLPR 1 1979:2 -2.877 -4.74 -414 -384 1 -0.866 -3.58 -3.03 -2.74
PCAN 3 1988:2 -2.172 -4.74 -414 -384 3 -1482 -3.58 -3.03 -2.74
PCOM 1 197414 -2.701 -4.74 -414 -384 1 -2.591 -3.58 -3.03 -2.74
POIL 2 1981:2 -2.364 -4.74 -414 -3.84 2 -1.661 -3.58 -3.03 -2.74
YS 4 19672 -4.842 -4.74 -414 -3.84 8 -0.129 -3.58 -3.03 -2.74
KL 3 1975:2 -1.515 -4.74 -414 -3.84 3 -1.454 -3.58 -3.03 -2.74
YUS 1 1969:3 -3.080 -4.74 -4.14 -384 2 -1.653 -3.58 -3.03 -2.74
PUS 2 1988:2 -1.985 -4.74 -414 -384 3 -1.893 -3.58 -3.03 -2.74
RFFR 2 1980:3 -2.534 -4.74 -414 -3.84 7 -1.941 -3.58 -3.03 -2.74

ADF denotes the Augmented Dickey-Fuller test statistic (Dickey and Fuller, 1979, and Said
and Dickey, 1984) applied to GLS detrended data following Elliott, Rothenberg, and Stock
(1996). a) The model allows for a change in slope and intercept. The break date (Tb) is
chosen so that the absolute value of the t-statistics on the coefficient of the change in slope
is maximized according to Perron (1997). b) No breaks are allowed. The number of lags
(k) in the augmented regression in both cases is chosen according to the Modified Akaike
Information Criterion proposed by Ng and Perron (2001). The critical values for the test
are given in Elliott et al. (1996) for (b) and in Perron and Rodriguez (2003) for (a) for
T=100. The critical values (C.V.) are reported for the 1%, 5%, and 10% significance levels.
The null hypothesis of a unit root cannot be rejected at the 10% significance level for all
series, except ys, which is significant at the 1% significance level when breaks are allowed.
Notation: RER is the real Canada-US exchange rate, YCAN is real Canadian GDP, PCAN
is Canadian GDP deflator, PCOM is real non-energy commodity price index, POIL is the
real price of oil, YS is Canadian yield spread, KL is relative Canada-US capital-labour ratio
index, RLPR is relative Canada-US labour productivity in manufacturing index, YUS is
real US GDP, PUS is US GDP deflator, RFFR is real Federal Funds Rate
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Given nonstationary data, we analyze for possible cointegration among the vari-
ables. We assume that the US variables are weakly exogenous for the long-run pa-
rameters (i.e. the US variables are allowed to be cointegrated with the Canadian
variables but possible cointegration vectors do not enter the US equations). Under
such circumstances, Johansen (1992) shows that the analysis of long-run parameters

can be conducted conditionally on weakly exogenous variables.
Ay =ToAz; +T1Az 1 + ... + TyAzi_ s + Bz 1 + p+ €,

where y is a vector of Canadian variables, z is a vector of US variables, and z combines
all variables. A fixed number of four lags is considered. A higher number of lags is
not considered due to the loss of degrees of freedom in the 11-variable model. A
lower number of lags is not considered since the data have quarterly frequency. The
constant is allowed in and outside of cointegration relationships. The sample is from
196592 to 2000g4. Table 4.3 reports the results of testing for the cointegration rank
(Johansen and Juselius, 1990).

The results of the tests for the cointegration rank are ambiguous. Both tests ac-
cept the hypothesis that there is no cointegration among variables. At the same time,
the trace test rejects the hypothesis of one cointegrating vector, but cannot reject the
hypothesis of two cointegrating vectors. Given the ambiguity of the results, further
analysis will be conducted assuming two cointegrating vectors, as there is empirical
evidence that the exchange rate is cointegrated with productivity differentials and
terms-of-trade. Begum (2000) finds that real exchange rates are cointegrated with
productivity differentials for Group Seven countries, while Amano and van Norden
(1995) find a long run relationship between energy and non-energy terms of trade and
the real Canada-US exchange rate.

4.3.3 Cointegrating vectors

The Balassa-Samuelson hypothesis implies that the real exchange rate is cointegrated
with the total-factor productivity differential. As commodities represent a high share
of Canadian exports, terms-of-trade shocks can be proxied by commodity price in-

dices. We impose two cointegrating vectors: one is the cointegration of the real
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Table 4.3: Johansen’s test for cointegration rank

Hy: Number of Cointegrating Vectors
r=0 »r=1 r=2 r=3 r=4 r=35

Trace Statistic 292.32 218.92 148.05 96.16 53.73 20.34

p-value 0.148 0.027 0.194 0.249 0.240 0.759
HA sr =06
L-max Statistic = 73.40 70.87 51.85 42.47 33.38 20.34
p-value 0.639 0.183 0.682 0.636 0.577 0.759
HA r+1

The number of variables in the statistical model is 11 but only 6 variables are treated as
endogenous. The lag length in the VECM is four. A constant term is allowed for in the
cointegration relationship and outside the cointegration space. » = 0 means no cointegrating
vectors, 7 = 1 means one cointegrating vectors and so on. r = 6 corresponds to the case
where all of the variables are stationary. Marginal significance levels (p-values) are based on
999 bootstrap nonparametric replications of residuals with replacement keeping the same
time across equations.
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exchange rate with relative total-factor productivity.* Since relative total-factor pro-
ductivity is relative labour productivity minus the share of capital times relative
capital-labour ratio, we include both the relative capital-labour ratio and relative
labour productivity in the cointegrating vector.® The other cointegrating vector is
the cointegration of the real exchange rate with the non-energy commodity price index
and the price of 0il.® These two cointegrating vectors can be written in the following

form:
B = (Hipr, Haps),

where H; and H, are 11 x 3 matrices:

H1=

© O © ©O © © © © © © =
S O O O O O O = O O O
O O O O O B O O O O

4We impose the vectors rather than rely on statistical tools to find them for three reasons. First,
in a large system (in our case of 11 variables: 6 endogenous and 5 weakly exogenous) Johansen’s
statistical tools are known to have size distortions and low power. Second, if some variables were
correctly found to be cointegrated in a smaller system, they will still have to be cointegrated in
a larger system. Third, an identification problem exists with more than one cointegrating vector
because any linear combination of the cointegrating relationships are stationary. We impose two
vectors since Table 4.3 provides some support for the rank of cointegration being two.

5 Assuming a Cobb-Douglas production function.

8Such division was found appropriate for Canada by Amano and van Norden (1995). They report
that energy and non-energy term of trade shocks have different effects on the Canadian dollar.
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and ) i
100
0 00
0 00O
0 00O
0 00O
Hy=100 0],
010
0 01
0 00O
0 00
|0 0 0|

while ¢; and ¢, are 3 x 1 matrices of unknown parameters. The following ordering
of variables is assumed: RER, YCAN, PCAN, PCOM, POIL, YS, KL, RLPR, YUS,
PUS, RFFR. The imposed restrictions on the two cointegrating vectors are not re-
jected at the 10% significance level (the p-value based on nonparametric bootstrap
replications is 12.5%). The test statistic is developed in Johansen and Juselius (1992).

The estimated relationships are presented below, with the asymptotic standard
errors in parentheses.

ECV1=X- 1112 RLPR+ 1510 KL

(0.50) (0.46)
ECV2=X- 0292 PCOM+ 0118 POIL
(0.12) (0.03)

The signs of the estimated cointegrating relationships are in accordance with other
studies. Specifically, relative Canada-US labour productivity has a positive impact
on the exchange rate (stronger Canadian dollar), while the capital-labour ratio has
a negative impact, implying that higher relative total-factor productivity causes the
exchange rate to appreciate in accordance with the Balassa-Samuelson hypothesis.
Specifically, higher non-energy commodity prices cause the exchange rate to appreci-
ate, while the price of oil has a negative impact in accordance with previous results
by Amano and van Norden (1995). Figure 4.5 plots the two cointegrated vectors.
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Figure 4.5: The two cointegrating vectors
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Figure 4.5
The two cointegrating vectors: ECV1=X-1.112 RLPR + 1.510 KL, and ECV2=X -
0.292 PCOM + 0.118 POIL. The vectors are not centered around zero since a
constant is allowed for in and outside the cointegration space.
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4.3.4 The full system

For the purposes of the impulse response analysis, we need to formulate the full
system.

AZy=p+AIAZy + ...+ AAZ;_s+aB' Z;_ 1 + €.

The following restrictions are imposed. First, we assume that Canadian variables

have no impact on US variables (block-exogeneity).

Al 0
Ay Ay

= ’

for any 7 = 1,4

As we mentioned in the previous section, US variables are also assumed to be
weakly exogenous (i.e. a;; = 0 for any ¢ that represents a US variable). Finally, we
impose the cointegrating relationships, outlined in the previous section, on 3. The
system is then estimated by FIML method, taking account of the block exogeneity
restrictions (see Hamilton, 1994, pp. 311-313).

4.3.5 Motivation for impulse response functions and forecast

error variance decompositions

Impulse response functions allow us to consider the propagation of shocks in the
system. They can be used to test the factor-cost hypothesis directly. The hypothesis
implies that a positive shock (appreciation) to the real exchange rate is supposed to
increase the relative capital-labour ratio and the relative labour productivity. If, for
example, relative labour productivity increases while the capital-labour ratio does not,
we would be able to say that the real exchange rate affects relative labour productivity
but it is not because of the increased capital-labour ratio. Thus, the factor-cost
hypothesis would be rejected and further research could pay more attention to other
factors. Impulse response functions can also be used to see when shocks have a
maximum effect and how long it takes before variables are affected.

Impulse response functions are constructed by the method of Koop et al. (1996)
and Pesaran and Shin (1998), so called generalized impulse response functions. We
use generalized IRFs mainly for two reasons. First, two variables in our set are re-
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lated to each other: the relative capital-labour ratio and labour productivity. Even
at the structural level, these variables are linked through the production function.
Therefore, even structural shocks to these two variables need not be orthogonal.
Orthogonalization in such cases can create difficulties in interpreting shocks. Gener-
alized IRFs, on the other hand, do not require shocks to be orthogonalized, which is
a desirable property in our case. Second, identifying restrictions are not developed
in the literature for systems that include the capital-labour ratio and productivity
differentials. Rather than trying to develop such restrictions we opt for not imposing
any identifying restrictions at all. This creates another problem; without imposing
identifying restrictions, it may be difficult to interpret responses to highly correlated
shocks. The interpretation of shocks is also different for generalized IRFs. General-
ized IRFs assume that one element of the model’s innovations is shocked and that
the effects of other shocks are integrated out using an assumed distribution (i.e. a
multivariate normal). Consequently, when we say “shock to xxx variable” we mean
that the equation for that variable was shocked and the effects of shocks to other
equations were integrated out (see Koop et al., 1996, and Pesaran and Shin, 1998).

Impulse response functions do not, however, answer the question of the impor-
tance of specific shocks. For this purpose, we use the generalized Forecast Error
Variance Decompositions (FEVDs). The decompositions show the contribution of
specific shocks to the forecast error variance of the variables. These contributions can
be used to assess the importance of shocks. As with impulse response functions, we
also constructed generalized FEVDs. Note that the sum of the contributions from all
innovations in generalized FEVDs is generally not restricted to one. This is because
the covariances between the original (non-orthogonalized) shocks are not zero. The
next section presents the results of our analysis.

4.4 Estimation results

4.4.1 Impulse response functions for variables of interest

In this sub-section, using generalized impulse response functions, we find that, in
response to a real exchange rate appreciation, the capital-labour ratio and relative
labour productivity increase in accordance with the factor-cost hypothesis. However,
we also find that the response of relative labour productivity to an exchange rate shock
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is insignificant, suggesting that the evidence in favour of the factor-cost hypothesis
is weak. This conclusion is supported by an extension of the model which includes
relative factor-costs.

Sub-section 4.4.3 presents the full set of generalized impulse response functions.
First, we use them to assess whether the model correctly describes the effect of key
shocks. Shocks to monetary policy in Canada and the United States affect output
and price levels in accordance with basic theory. However, there are some puzzling
responses: the real exchange rate depreciates initially in response to a monetary
contraction and a positive shock to the price of oil causes US output to increase and
price to fall. It is noteworthy to mention that these puzzling responses are statistically
insignificant.

We can now proceed with the analysis of the shocks of interest in detail: the
appreciation of the real exchange rate and positive shocks to the capital-labour ratio
and relative productivity. These shocks and responses are presented in Figure 4.6. An
appreciation of the exchange rate increases the capital-labour ratio and relative labour
productivity in the Canadian manufacturing sector in accordance with the factor-cost
hypothesis. In response to a one standard deviation shock in the exchange rate equa-
tion, the capital-labour ratio gradually rises by 1% after five quarters and remains at
this level. Relative labour-productivity gradually increases by approximately 0.75%
over a five-year horizon. However, the response of relative labour productivity is
insignificant, suggesting there is some uncertainty in the transmission mechanism
from the real exchange rate to labour productivity, through the capital-labour ratio.”
These responses are consistent with the factor-cost hypothesis. As the real exchange
rate appreciates imported capital should become relatively cheaper and, as a result,
Canadian manufacturing firms should gradually replace by substitution more capital-
intensive technologies. Capital intensive technologies imply that the capital-labour
ratio and labour productivity increase. We conclude from these responses that the
factor-cost hypothesis is supported for Canada. Real exchange rate fluctuations af-
fect the capital-labour ratio and labour productivity in Canada. This effect cannot
be considered as statistically strong as the response of the relative productivity is

"To investigate the impact of the exchange rate on the capital-labour ratio, through its impact
on relative factor-costs, we extend the main model by including the relative factor costs in our
specification. Our main conclusions are supported by the extended model. In short, relative factor
costs (capital/labour) decline in response to an exchange rate appreciation, thus supporting the
factor-cost hypothesis.
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Figure 4.6: Responses of relative capital-labour ratio (KL), relative productivity
(RLPR), and real exchange rate (RER) to some shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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insignificant at the 5% significance level.

A positive shock to the capital-labour ratio and relative productivity causes the
real exchange rate to appreciate on impact by approximately 0.35%. It is noteworthy
to mention that the shock to the capital-labour ratio should not affect the exchange
rate in the long run. Lower marginal product of capital in the tradeables sector should
cause capital and labour reallocation until marginal products are equalized across the
sectors. The graph shows that the response of the relative capital-labour ratio is
persistent, suggesting that reallocations of capital and labour may not be frictionless.
Nevertheless, the response of the real exchange rate is insignificant, supporting that
shocks to the relative capital-labour ratio does not affect the real exchange rate in

the long run.
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The response of the real exchange rate to a positive labour productivity shock is
also statistically insignificant; however, it is still economically meaningful. According
to the Balassa-Samuelson hypothesis the real exchange rate appreciates in response
to higher productivity in manufacturing. The responses of output and the price level
presented in Section 4.4.3 provide additional support. While the statistical evidence in
favour of the hypothesis is not particularly strong, the economic evidence, based upon

the responses of the key variables (exchange rate, output, price level), is appealing.

4.4.2 Generalized forecast error variance decompositions

In this section, using forecast error variance decompositions, we find that shocks to
the exchange rate are not important factors in explaining movements of the capital-
labour ratio and relative productivity. Rather, shocks to the capital-labour ratio and
relative labour productivity are more important in explaining the widening of the
Canada-US productivity gap.

Table 4.4 presents the contributions of all variables to the forecast error variances
of the relative capital-labour ratio (KL), labour productivity (RLPR) and the real
exchange rate (RER). We find that innovations in the exchange rate have an impact on
the relative capital-labour ratio and relative labour productivity in accordance with
the factor-cost hypothesis. However, they contribute only about 13% and 10% to the
variation of the capital-labour ratio and relative labour productivity respectively at
20 quarters.® Therefore, the factor-cost hypothesis, while empirically supported in
our paper, cannot be a driving force of lagging productivity growth in Canada.

Two major contributing factors are shocks to the relative capital-labour ratio
(29%) and relative labour productivity (40% of FEVD after 20 quarters). The high
contribution of relative labour productivity can be given two interpretations. One
is that shocks to relative labour productivity can be interpreted as supply shocks
and may be linked to Jorgenson’s (2001) story about the resurgence of the Amer-
ican economy since 1995 and the importance of information technology. Bernstein
et al. (2002) decompose the Canada-US productivity gap in manufacturing into the
contribution of high-tech manufacturing industries and non-tech industries over the
1994-2000 period and conclude that 71 percent of the widening gap can be attributed
to differences in the size of high-tech sectors (5% of the widening gap) and higher

8Note that the sum of all contributions is 138%, so the contribution of the exchange rate is 10%
out of 138%. Generalized forecast error variance decompositions are not normalized to 100%.
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Table 4.4: Generalized forecast error variance decompositions

Variance of

innovation in Quarters RLPR KL RER
YCAN 1 0.07 0.01 0.00
20 0.07 0.01 0.04
PCAN 1 0.03 0.08 0.11
20 0.02 0.01 0.05
RER 1 0.00 0.01 0.93
20 0.10 0.13 0.31
YS 1 0.01 0.01 0.05
20 0.02 0.00 0.01
RLPR 1 094 0.13 0.03
20 0.40 0.03 0.01
KL 1 0.16 0.96 0.03
20 0.29 0.52 0.05
YUS 1 0.12 0.02 0.01
20 0.24 0.03 0.00
PUS 1 0.03 0.05 0.05
20 0.07 0.10 0.18
PCOM 1 0.00 0.01 0.01
20 0.12 0.02 0.29
RFFR 1 0.02 0.08 0.15
20 0.04 0.01 0.03
POIL 1 0.01 0.00 0.01
20 0.01 0.04 0.18
SUM 20 1.38 090 1.15

Generalized forecast error variance decompositions for the relative labour productivity, rel-
ative capital-labour ratio, and the real Canada-US exchange rate. The sum of contributions

is not restricted to one.




103

productivity performance of US high-tech industries (66%). Our model, estimated
over the 1965-2000 period, has a contribution of productivity shocks of 40 percent,
roughly consistent with the above story. The other interpretation is that some vari-
ables, which are thought to be important determinants of labour productivity, are not
included in the model. Therefore, the high contribution of relative labour productiv-
ity may be explained by the lower explanatory power of the other variables included
in the model.

The capital-labour ratio contributes 30 per cent to the variance decomposition of
relative labour productivity. The contribution of the capital-labour ratio is consistent
with Bernstein et al. (2002), who found that 30% of the widening gap is accounted for
by Canada-US capital intensity over the 1994-2000 period. This leaves unexplained
what is driving changes in the capital-labour ratio. Clearly, it is not the real exchange
rate.

Our model, due to its rich structure, can be used to analyse other shocks that are
not the primary focus of our analysis, but can, nevertheless, shed additional light on
the Canada-US productivity differential in the manufacturing sector. Refer to Table
4.4. Exogenous shocks originating outside Canada (shocks to US aggregate demand,
commodity prices, US price level, price of oil, and Federal Funds Rate) account for
48% of the variance decomposition for relative productivity and, thus, account for a
significant amount of variation in productivity. However, unexpected US aggregate
demand shocks and shocks to commodity prices do not affect the relative Canada-
US capital-labour ratio, suggesting that they have an impact on the relative total
factor productivity. The impact of an aggregate demand shock may be pro-cyclical,
as labour productivity is known to rise in expansions and fall in recessions.

At a five-year horizon, innovations in commodity prices (PCOM and POIL) ac-
count for 47% of the variation in the Canada-US exchange rate. Shocks to commodity
prices are asymmetric for Canada and the US, as Canada is a net exporter of com-
modities while the US is the largest net importer of raw materials. Therefore, changes
in commodity prices have to be reflected in the bilateral exchange rate between the
two countries. Chen and Rogoff (2003), however, report that the relationship between
non-energy commodity prices and the real exchange rate is not robust to detrending
for Canada.

Shocks to the capital-labour ratio account for 52% of the variation in the capital-

labour ratio at a five-year horizon. When we include the relative factor-costs into
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the analysis, the contribution of shocks to the capital-labour ratio falls to 28% of the
variation. At the same time, the shocks to the relative factor-costs account for 58%
of the variation of the relative factor-costs at the same horizon. Thus, the inclusion of
the relative factor-costs into the model shifts the high contribution of its own shocks
from the capital-labour ratio to the relative factor-costs. Therefore, the capital-labour
ratio is explained by shocks to factor-costs, but what is driving factor-costs is still
unexplained.

4.4.3 Full set of impulse responses

This sub-section contains the full set of the impulse response functions along with a
discussion of some responses that are not addressed in the previous sub-section.

First, we analyze how exchange rate fluctuations and shocks to relative labour
productivity affect output and prices. The former analysis is related to exchange
rate pass-through literature that analyzes how exchange rate fluctuations are passed
to prices. The latter analysis is desirable since we find that the response of the
real exchange rate to productivity shocks is statistically insignificant. Therefore, we
focus on other predictions from the Balassa-Samuelson model, in particular, how
productivity shocks affect output and prices.

Figure 4.9 shows that an exchange rate appreciation contracts the level of out-
put. The price level falls after 10 quarters suggesting the presence of exchange rate
pass-through effects. These responses are consistent with theoretical predictions of
how exchange rate fluctuations affect economic activity. An appreciation makes do-
mestic exports relatively more expensive in the foreign market, consequently lowering
the output. An appreciation makes imported goods relatively cheaper driving the
aggregate prices down. The responses, however, are statistically insignificant at the
5% significance level.

We find that a positive shock to relative productivity appreciates the real ex-
change rate, but the effect is not statistically significant in Section 4.4.1. In this sub-
section, we analyze how this shock affects output and prices. The Balassa-Samuelson
hypothesis assumes that PPP holds for traded goods. Higher relative productivity
does not have any affect on prices in the traded good sector, because domestic traded
goods prices are tied to foreign prices. As a result of a positive shock to relative

labour productivity, wages in the traded goods sector must rise. Competitive labour
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markets will ensure that wages increase in the non-traded sector as well. Producers
of non-traded goods will raise prices to cover higher wages. As a result, the total
price level and the relative price of non-traded to traded goods increase, and the real
exchange rate appreciates. The prediction of the model is that output and aggregate
price level increase in response to positive productivity shocks. The impulse response
functions in Figure 4.9 show that aggregate output and price level increase, and the
real exchange rate appreciates in response to a positive shock to relative labour pro-
ductivity in accordance with the hypothesis. This provides additional support for the
Balassa-Samuelson hypothesis.

We analyze shocks to the capital-labour ration in Section 4.4.1. We find that
shocks are surprisingly persistent. In accordance with theory, their impact on the real
exchange rate is insignificant in the long run. In this sub-section, we can consider
the response of output to this shock. A positive shock to the ratio is supposed to
increase output in the tradable sector. The response of the aggregate output to an
increased capital intensity in Canadian manufacturing (shock to KL) presented in
Figure 4.9 is puzzling. Output falls in response to this shock. A possible solution to
the puzzle may lie in the fact that we do not explicitly control for other sectors in
our model. Marginal product of capital falls while marginal product of labour rises
in the capital-intensive manufacturing sector causing capital to move out to other
sectors and labour to move in. It is possible that such a reallocation of resources is
contractionary for the aggregate economy.

US shocks

Two shocks are of interest in this section: an aggregate demand shock (shock
to YUS) and shocks to commodity prices. The first shock is of interest since it is
supposed to affect commodity prices and the real exchange rate at the same time. I
discuss whether commodity prices can be treated as truly exogenous in Chapter 2.
One reason while they may not be treated as exogenous is because they are affected
by US shocks simultaneously with the real exchange rate. I address this issue here.

Figure 4.14 shows that an aggregate demand shock increases commodity prices.
This response is expected as higher economic activity in the US implies higher demand
for commodities and consequently higher commodity prices in the world market. At
the same time, the real Canada-US exchange rate depreciates on impact. That is
higher commodity prices due to booming US economy are associated with a depreci-
ation of the real Canada-US exchange rate. This result may be an artifact of small
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sample, as the response of the real exchange rate is insignificant. Figure 4.13 shows
the response of the real exchange rate to a positive shock to non-energy commodity
prices. This time the response is significant and the real exchange rate appreciates.
We may conclude that the response of the real exchange rate is different in response
to positive commodity shocks when these shocks are caused by increased economic
activity in the US and when they are caused by other reasons.

We consider a shock to the price of oil since this shock does not propagate ad-
equately; the output level increases while the price level falls as can be seen from
Figure 4.15. This is exactly the opposite of the expected response. As the US is
a consumer of oil, a higher price of oil should act as an adverse aggregate supply
shock. Note, however, that responses of output and prices are insignificant. There
are several reasons why modeling the price of oil may be difficult. Hamilton (1983)
argues that, over the period 1948-1972, oil prices were exogenous with respect to the
US economy. In our sample, from 1965 to 2000, the price of oil was treated as endoge-
nous. Before 1980 there were very few cases of falling oil prices, while after that there
were big price decreases. Several supply shocks such as the oil shock in 1973 due to
an embargo by the Arab members of OPEC, the shock in 1978 due to the Iranian
revolution, the onset of war between Iran and Iraq in 1980, and Iraq’s invasion into
Kuwait in 1990 indicate that the price of oil cannot be modelled purely as an endoge-
nous variable. Hamilton (2000), among others, argues that the impact of the price of
oil on economic activity should be modelled nonlinearly. Adequately modelling the
price of oil dynamics in our VECM model is an issue for future projects. Note that
the transmission of monetary policy is modelled adequately. An unexpected shock
to the interest rate reduces the levels of output and prices. Commodity prices fall in
response to lower demand for commodities.

4.5 Conclusions

Canadian labour productivity in manufacturing is currently lagging behind that of
the US, with a gap that has widened extensively since 1993. In this Chapter we
analyse the plausibility of one explanation, the factor-cost hypothesis. Since a real
exchange rate depreciation makes imported capital relatively more expensive than
labour, the real depreciation of the Canadian dollar may contribute to lower labour
productivity in manufacturing by causing manufacturing firms to invest less in capital
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Figure 4.7: Responses of Canadian variables to Canadian shocks
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Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.8: Responses of Canadian variables to Canadian shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.9: Responses of Canadian variables to Canadian shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals

YCAN PCAN YS
e o .
o //”~ _________ =
o=
aud
~
ax
e
RER ... o
a.} N
o ~N
N
o \\
s B3 .
. s
" = — - 5o —
o ™ .-T ,’/ 22 \\_ 5
= . . . = \ e
! ey am - ’,” < N
Q - @] == o
KL ==
(@] \
T s o ———— - S a N
| ™ N
7] < a= ~ 3 \\\
2 am - \\\\ \\\\
. an a
-
- = o = S
| - -
| -7 e | P a T
ase ’_,’ /’ ,’\\,_, .
7z - - -
o -
| 2 Lo 2N
RLPR = /N — | = 2% -7
.
s /‘\ *1 ’,—’/ b /\\
\‘~\\ ..L‘ o k_J azd \\/-\
| e J N l S e
anl P ==t = < ==
- - -

Figure 4.9
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.10: Responses of Canadian variables to US shocks
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Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.11: Responses of Canadian variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.12: Responses of Canadian variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.13: Responses of Canadian variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Figure 4.13
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.14: Responses of US variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Figure 4.14
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.15: Responses of US variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Figure 4.15
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.16: Responses of US variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Figure 4.16
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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Figure 4.17: Responses of US variables to US shocks

Generalized Impulse Response Functions
to one standard deviation shock and 95% confidence intervals
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Figure 4.17
Generalized responses of logarithms of the variables to shocks. 95% confidence
intervals are constructed by the bootstrap-after-bootstrap method of Kilian (1998).
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and substitute more labour intensive methods.

We develop a VECM model for Canada to analyse the factor-cost hypothesis.
This hypothesis has not been tested explicitly for Canada, though it is often discussed
in the literature as an important explanation of the productivity gap. The model
allows for the separation of other factors such as cyclical fluctuations in aggregate
demand, shocks to commodity prices and monetary policy. We use this model to test
the factor-cost hypothesis directly by considering how shocks to the real exchange rate
affect the Canada-US relative capital-labour ratio and labour productivity. Forecast
error variance decompositions are then used to assess the importance of shocks and,
ultimately, the importance of the factor-cost hypothesis in explaining movements in
relative labour productivity.

We find that a depreciation of the Canadian dollar reduces the relative capital-
labour ratio and labour productivity in Canada in accordance with the factor-cost
hypothesis. The contribution of this channel, however, in explaining declining capital-
labour ratios and labour productivity in Canada is only about 10-13%. Innovations
in the relative capital-labour ratio and labour productivity play a more important
role in explaining relative labour productivity’s variance decomposition, accounting
for 29% and 40% percent respectively.

Since movements in the real exchange rate are unlikely to be a major factor
in explaining the productivity gap, further research should focus on other factors.
Several studies indicate that the gap is concentrated in high technology industries, so
an additional analysis by industry may be needed to improve our understanding of
industry-specific shocks. The capital-labour ratio may also be affected by other factors
than the exchange rate alone, such as technological developments and labour markets.
Consequently, further research should address the question of capital formation in
greater detail. The main contribution of our paper is that we rule out the real
exchange rate as a major driving force in explaining the Canada-US productivity
gap.



Chapter 5
Conclusions

This dissertation analyzes the relationship among real variables and the real exchange
rate. The theoretical literature postulates that real variables affect the real exchange
rate through the relative price of nontraded goods. Chapter 2 questions this postu-
late. I find that real variables are equally important for the two relative prices that
constitute the real exchange rate, which are the relative price of traded goods and the
relative price of nontraded goods. However, the relative price of traded goods is more
important for the real exchange rate as found by Engel (1999). I complement these
results by finding that real shocks almost entirely propagate through the relative price
of traded goods to the real exchange rate.

A possible explanation of this puzzling result, which contradicts theoretical con-
siderations, is that real shocks affect the relative price of traded goods by affecting the
nominal exchange. If this is the case, one should expect a decline in the contribution
of real shocks through the relative price of traded goods, as the horizon increases,
due to goods arbitrage. I find, however, that the contribution of real shocks through
the relative price of traded goods does not decline. Rather, the contribution actually
increases.

There are several approaches as to how these results can be potentially explained
theoretically. Any approach has to break the law of one price for traded goods in
order to give a role to the relative price of traded goods in the transmission mecha-
nism. One approach is to assume pricing to market in local currencies. The law of
one price is violated because the nominal exchange rate fluctuates while prices are
sticky. This approach is pursued in Benigno and Thoenissen (2003) and Engel (2004).
However, prices cannot be sticky forever; it is usually assumed that price stickiness
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can persist by no more than one year. Consequently, models with sticky prices should
imply the convergence to the law of one price within one year, suggesting that these
models cannot explain the findings of Chapter 2. Another approach is price setting by
monopolists under translog preferences as analyzed by Bergin (2003). This approach
implies that the relative price of traded goods appreciates in response to productivity
shocks in manufacturing. The empirical analysis of Chapter 3 reveals that the relative
price of traded goods depreciates in response to productivity shocks.

In Chapter 3, I develop a model that analyzes whether the empirical findings can
be explained by the introduction of home bias in the standard Balassa-Samuelson
model. Home bias has several desirable features. First, it breaks the law of one
price for the composite traded good. Second, it implies that the relative price of
traded goods depreciates in response to productivity shocks. Third, it allows the
impact of real variables on the relative price of traded goods even in the long run.
However, the model demonstrates that relative prices should be equally important in
the transmission mechanism, while the empirical evidence assigns an almost exclusive
role to the relative price of traded goods.

The above discussion assumes that real variables affect the real exchange rate.
It is possible that the causation may run in the opposite direction. The factor cost
hypothesis says that fluctuations in the real exchange rate affect the cost of imported
machinery and equipment. During depreciations of the Canada-US real exchange
rate, capital becomes relatively more expensive than labour for Canadian produc-
ers. Consequently, they adopt labour-intensive technologies that drive down labour
productivity. This hypothesis has attracted a lot of attention in Canada, since the
gap between labour productivity in Canadian and US manufacturing has widened
significantly since 1993. In Chapter 4, I analyze this hypothesis with Canada-US
data. I find that while exchange rate fluctuations do affect labour productivity and
the capital-labour ratio in Canada, their influence is not enough to explain the major
part of the gap.



Appendix A

Data sources and construction for
Chapters 2 and 3

The relative prices of tradables (z;) and nontradables (y;) are based on consumer price
indexes (CPIs) and personal consumption deflators (PCDs). As a proxy for tradables,
I use commodities and as a proxy for nontradables, I use services. Of course, such
measures are far from perfect. Services may include some items that are tradable like
energy services, while commodities may include nontraded marketing services. The
average weights of nontraded goods in the consumption basket, o and o, are found
by estimating the following simple regressions:

Ap, = (1-— a)Ap;r - aAp{v + e

Ap*=(1- a*)Ap;‘r* + a*Ain* +e;

where A is the first-difference operator.
The following weights are obtained

Canada US
CPI 0.4221 0.4684
PCD 0.5304 0.5210

The estimates are then used to construct y; according to (2.3), so that y; is
generated by prior estimation. This adds uncertainty which affects all subsequent
inference in the models (see, e.g., the discussion in Pagan, 1984, for the impact
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of generated regressors). CPIs for commodities and services for Canada and the
United States are taken from CANSIM tables 451-0009 and 326-0001 and seasonally
adjusted using a multiplicative seasonal adjustment. Personal consumption deflators
are taken from CANSIM table 380-0002 and Bureau of Economic Analysis (BEA)
table 1.1.4. The price index for US consumption deflators for traded goods is obtained
by weighting price indexes for durable and nondurable goods. For Canada, deflators
are constructed by dividing nominal expenditures by real expenditures. The Canada-
US nominal exchange rate is taken from CANSIM (identifier v37426).

Commodity price indexes for Canada in US dollar terms for energy and nonenergy
commodities (identifiers v36384 and v36383 respectively) are deflated by US CPI to
obtain PENERGY and PCOM.

As a measure of relative productivity in the tradable sectors, I use relative labour
productivity in manufacturing. The productivity data are not available for Canada
at the quarterly frequency at the desirable level of disaggregation. As a measure of
labour, I use total actual hours worked, adjusted for seasonal variation and holiday
effects. As a measure of output, I use a value-based measure for Canada, and gross
output for the United States. The relative productivity in nontradables measure is
based on the relative labour productivity in private service-producing industries. For
the United States, I use personal consumption on services part of real GDP from
National Income Personal Accounts (NIPA) table 1.1.3 as a measure of output, and
aggregate weekly hours as a measure of labour input. For Canada, I use the personal
expenditure on services part of real GDP (identifier: v1992048) as a measure of
output, and employment from CANSIM tables 281-0001 and 281-0020 for private
service-producing industries as a measure of labour input.!

To estimate the home bias, I use input-output tables for Canada and the United
States in 1997. Total supply minus exports and imports for manufacturing industries
is used as a proxy of consumption of domestically produced manufactures (Cg).
Total supply minus exports for manufacturing and natural resources industries is
used as a proxy of consumption of tradables (Cr). The ratio of these proxies gives
an estimate of 3. For the United States, the ratio of imports of manufacturing
products to total supply minus exports for natural resources and manufacturing is
used to estimate $*. This would give an upper limit on the parameter, since the

!Transportation, storage, communication, utilities; trade; finance, insurance and real estate;
business and personal services.
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United States imports manufacturing goods from many countries, not only Canada.
Consequently, I multiply this number by a share of imports from Canada to total
imports to the United States.

Canada US
B8=0.29 B*=0.02

The estimates show some evidence in favour of home bias. Benigno and Thoenis-
sen (2003) report for the UK-Euro area the weights are 0.51 and 0.09 respectively,
i.e. UK consumes 51% of their domestically produced manufacturing goods while
the euro-area imports only 9% of goods produced in UK. For the Canada-US pair,
the difference is not so large because Canada imports a high share of manufacturing
goods from the US



Appendix B

Data sources and construction for
Chapter 4

B.1 Construction of the relative productivity and

capital-labour ratio data series

The relative Canada-US labour productivity and the capital-labour ratio are con-
structed for the purposes of this study over the sample from 1961ql to 2000q4. Offi-
cial Canadian labour productivity data for manufacturing are available only at annual
frequency. We construct quarterly series in this paper. As a measure of labour, we
use total actual hours worked. Employment data for Canadian manufacturing are
taken from Statistics Canada terminated tables 281-0001 and 281-0020, and, where
necessary, seasonally adjusted using the Bank of Canada’s X-11 ARIMA program.
Employment data were then multiplied by average actual hours worked in manufac-
turing from the Labour Force Survey. Average hours were adjusted for holiday effects
and seasonal effects using the Bank of Canada’s procedures. We had to link total
hours worked at two points due to different methodologies employed. We adjusted
levels of series such that the annual average equals to total hours worked from Table
383-0003 in 1965 and 1985. The employed methodology would be different from the
methodology employed at Statistics Canada for the construction of annual labour
productivity series mainly in quality adjustments. Statistics Canada uses a bottom-
up approach to productivity. In the case of labour productivity, indices are computed
for 147 industries and then aggregated up using different weights, based on relative
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wages (see Statistics Canada - Catalogue no. 15-204, Appendix 1). In this paper, we
use estimates for manufacturing obtained at the aggregated level.

As a measure of output, we use a value-based measure (GDP by industry) for
Canada and gross output for the United States. Unfortunately, Canadian and US
statistical agencies use different measures for quarterly output data. However, we
believe that these differences in output measures should not have a significant impact
on the results. We constructed relative Canada-US productivity in manufacturing
series using a value-added measure of output for the two countries starting in 1977,
in order to compare it to the series used in this study. For the period 1977-2000,
the two series have similar trends and dynamics while there are some differences in
annual growth rates.

As a measure of capital, we use a geometric (infinite) end-year stock of machin-
ery and equipment in chained dollars. Capital series are available only at annual
frequency, and we obtained quarterly values by using cubic spline interpolation in
FAME (UNIX program to work with databases). We assume that quarterly variation
in capital stock is not important for our purposes. The relative factor costs variable
was constructed by using GDP price indexes for machinery and equipment and hourly
labour compensation measures for Canada and the United States. The time series
for this variable is shorter than other variables in the model and it starts in 1969. We
acknowledge that data of better quality are certainly desirable for empirical work.
But given that such data do not exist at present, we prefer to conduct our analysis
with data at hand rather than not conducting any analysis at all.



B.2 Sources of the data
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Table B.1: Sources of the data

Variable

Description

Source

YCAN

PCAN

RER

YS

the logarithm of Canadian GDP at market
prices in chained 1997 dollars

the logarithm of Canadian implicit chain
price index divided by 100

the logarithm of closing nominal US/CAN
exchange rate multiplied by Canadian and
divided by US GDP deflators

the difference between 3 month prime
corporate paper rate and average yield
on 10+ year Government of

Canada marketable bonds. The difference
is multiplied by 0.01.

Statistics Canada

Statistics Canada

Statistics Canada

Statistics Canada



Table B.2: Sources of the data (continued)

Variable Description Source

KL the logarithm of relative Canada-US Statistics Canada
capital-labour ratio in Bureau of Economic
manufacturing index. For Canada, Analysis
as a measure of capital we are using a US Department of Labor

FC

YUS

geometric (infinite) end-year stock of
machinery and equipment in chained
dollars. Quarterly values are obtained by
using cubic spline interpolation in FAME.
Capital is then divided by total

actual hours worked. For the US,

a similar measure of capital is obtained
from the Bureau of Economic Analysis.
Capital is then divided by man-hours
obtained from the US Department of Labor.

is the logarithm of the relative Statistics Canada
Canada-US factor costs constructed Bureau of Labor Statistics
as a chained GDP price index for machinery = Bureau of Economic

and equipment divided by an Analysis

hourly labour compensation measure.

An hourly compensation measure for

Canada is taken from Statistics

Canada after 1987,

and constructed as the ratio of labour income
to total hours worked.

For the United States, compensation

per hour index for the non-farm

business sector is used.

the logarithm of US GDP in chained Bureau of Economic
1996 dollars Analysis
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Table B.3: Sources of the data (continued)

Variable Description Source

PUS the logarithm of chain-type GDP price Bureau of Economic
index. Analysis

RFFR  US Federal Funds Rate Statistics Canada
times 0.01 and minus the US inflation
rate measured as log-difference of
US GDP deflator.

PCOM  the logarithm of the Bank of Canada Bank of Canada
non-energy commodity price index
minus the logarithm of US GDP deflator.

POIL the logarithm of the Bank of Canada Bank of Canada
price of oil index minus the
logarithm of US GDP deflator.

RLPR  the logarithm of relative Canada-US Statistics Canada

labour productivity in manufacturing.
For Canada, labour productivity

is obtained by dividing

GDP at factor cost in constant 1992
dollars by total actual hours worked.
For the US, labour productivity in
manufacturing is obtained from

the US Department of Labor

US Department of Labor
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