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Abstract

This paper revisits both the theory and the empirics of the classic Balassa-Samuelson
productivity model of cross-country differences in price levels. The classic model says
that price levels are positively related to productivity in the traded sector and nega-
tively related to productivity in the non-traded sector. I show that once endogenous
specialization and costly intra-temporal trade are added to the classic model, this result
is modified in two ways. First, the elasticity of relative prices with respect to traded
sector productivity depends on the strength of terms-of-trade effects, and may even
be negative if terms-of-trade effects are sufficiently strong. Second, the asymmetric
trade patterns induced by costly trade mean that the relative price level between a
pair of countries depends on productivity in all other countries that these two coun-
tries trade with. I simulate the model with trade costs, and show that both of these
effects are potentially important. I then use the insight that traded-sector production
is specialized to reassess the empirical evidence on productivity models of price level
differences. I show that the evidence of other researchers is inconclusive. I estimate
the relationship in a way that is consistent with the theoretical model. The empirical
evidence is weakly supportive of the interdependence effect and neutral as regards the
role of terms-of-trade effects.
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1 Introduction

In this paper, I revisit the classic Balassa-Samuelson model that relates differential cross-
country behavior of aggregate price levels (or real exchange rates) to differences in sectoral
productivity. I nest a multi-country model of endogenous specialization and intra-temporal
trade in the classic framework yielding two new results. First, when countries specialize
and trade intra-temporally, terms-of-trade effects matter. Terms of trade effects mediate the
classic Balassa-Samuelson relationship between traded sector productivity and real exchange
rates, and have in fact the potential to reverse the classic positive relationship between the
two. Second, when trade is costly real exchange rates depend on interdependence between
countries. The real exchange rate between two countries depends not just on what happens
in that pair of countries, but also on what happens in all the other countries that the
two countries trade with. Calibration evidence suggests these two effects are potentially
important, though econometric evidence in a small panel is so far less conclusive.

In the first section of the paper, I develop a multi-country model of trade with endogenous
intra-industry specialization in differentiated traded goods. Although increasing returns in
the production of differentiated goods is the mechanism that generates specialization in the
model, I argue that the implications generalize to cases where there is specialization for
other reasons. When countries produce different baskets of traded goods, shifts in relative
supply (due for example to changes in relative productivity in the traded sector) lead to
changes in relative prices within traded goods. This is the terms-of-trade effect, which is
not present in the classic Balassa-Samuelson model where all countries produce the same
traded good. The magnitude and sign of the terms-of-trade effect depends on the elasticity
of demand for a particular country’s traded output on world markets. Countries that face
elastic demand for their traded output on world markets should experience classic Balassa-
Samuelson appreciation of the real exchange rate when their traded-sector productivity rises
faster than that of their trading partners. But countries that face inelastic demand for
their traded output should experience real depreciation as their traded-sector productivity
increases.

The addition of trade costs to the model leads to asymmetric patterns of trade, as coun-
tries tend to trade more with partners that are closer and larger - the standard gravity

effects. It is not possible to solve for a closed form relationship between real exchange rates



and productivity in traded and non-traded sectors. However I demonstrate that the real ex-
change rate between any two countries depends on traded sector productivity in all countries
that these two countries trade with. This result suggests that standard bilateral empirical
models of real exchange rates may be flawed in the sense that they omit many important
explanatory variables.

In the second section of the paper, I simulate the specialization-augmented model with
trade costs using productivity, distance and size data for 10 European countries. I show that
the terms-of-trade prediction of the model without trade costs carries over to the version
with trade costs, and that the “third-country” effect is important. Estimation of a number
of different productivity models of real exchange rates using simulated data suggests that
failure to control for this effect will lead to biased and imprecisely estimated coefficients on
bilateral traded and non-traded sector productivity.

In the third section of the paper, I re-examine the econometric evidence on productivity
models of real exchange rates using the panel of 10 European countries used in the simulation.
I demonstrate that previous time-series evidence thought to be favourable to a productivity
model of real exchange rates is invalid if there is cross-country specialization of production.
I also argue that both single-equation and panel time-series tests of the model should be re-
evaluated in the light of asymmetric cross-country interdependence. 1 describe the results of
specialization-consistent tests of the augmented productivity model. There is weak evidence
in favor of a relationship between relative prices and productivity in this data. I discuss
several reasons why the evidence is so weak, and suggest some fruitful avenues for future

empirical exploration of productivity models of price level differences.

2 A trade model of real exchange rates

First, I use a simple multi-country framework to recap the central predictions of the classic
Balassa-Samuelson model: Relative price levels are shown to depend positively on relative
traded sector productivity and negatively on relative non-traded sector productivity. I then
introduce endogenous specialization in the production of differentiated tradeable goods into
the framework. This modifies the key prediction of the classic model about the relationship
between traded-sector productivity and relative prices. I show that in the presence of spe-

cialization, the sign and magnitude of the elasticity of relative prices with respect to relative



traded sector productivity depends on the strength of terms-of-of trade effects. I then add
trade costs to the model, generating an asymmetric pattern of trade. This leads the real

exchange rate between two countries to depend on productivity in “third” countries.

2.1 The classic Balassa-Samuelson predictions

The Balassa-Samuelson model assumes the following: There are two sectors, traded and
non-traded. Goods markets are perfectly competitive, and price equals marginal cost for
each good. Factor markets are integrated and factors can move instantaneously across sec-
tors within countries. As a result, marginal cost differs across sectors only if productivity
and factor input ratios differ. Traded goods produced in different countries are perfect sub-
stitutes, so there is no motive for intra-temporal trade. Nevertheless, the fact that trade
is possible means that the the law of one price holds for the traded good. Under these
assumptions, relative factor returns between any pair of countries depend directly on rela-
tive traded sector productivity. Higher traded sector productivity in one country results in
higher factor returns in that country relative to others, and other things equal, a higher price
of non-traded goods and a higher price level overall. Conversely, higher non-traded sector
productivity results in lower prices of non-tradeable goods, and a lower price level overall.

These predictions can be demonstrated using a multi-country model. Assume that there
are M countries, indexed ¢ = 1, ..., M. World labor supply is normalized to one, and country
1 has share s; of the world labor force - these shares may differ across countries. Each country
produces both the traded good (T") and the non-traded good (N).

I. Consumers
Preferences over the traded and non-traded goods are identical in each country. They are
given by T8 N1-6

= (1)
6° (1 =19)

where C; is total utility from consumption in country i and C] and C¥ are counsumption

of the traded and non-traded goods respectively. The utility-consistent price index is:
-Pi — .P,L'T(SPiNl_(S (2)

where P, is the overall price index, and P! and P} are the prices of the traded and non-traded



goods. These preferences imply that a constant share of income is devoted to expenditure

in each sector': That is, demands for traded and non-traded goods take the form
PICI =5PC; and PNCN = (1-6)PRC; (3)

By analogy with the consumption aggregate and the consumer price index, aggregate output

and the producer price index are defined as

N(1-6)
V= MU and Y = PR ()

II. Producers
For simplicity, labor is assumed to be the only factor of production.? Let Y? denote output

in sector ¢q. Production functions in the two sectors in the are given by
7 = ATLT and Y} = ANLY (5)

where LT is labor employed in the traded sector and LY is labor employed in the non-traded
sector. Assuming perfect competition in goods markets in each country and in each sector,

the price of each good equals marginal cost:?

Y= and PP - % ©)
III. Market clearing and law of one price

Labor markets are integrated and perfectly competitive so wages (IV;) are the same in both

sectors and the labor market clears:

Wi = wy=w, (7)

7

IThis assumption is made for simplicity. Empirically, preferences over traded and non-traded goods
appear to be non-homothetic.

2Introducing more than one factor leads to additional Heckscher-Ohlin effects on cross-country relative
price levels, if factor intensities differ across the traded and non-traded sectors. These effects are discussed
by Baghwati (1984).

3In an appendix, I show the effect of assuming that non-traded sector prices are a country-varying markup
over marginal cost.



where s; is country ¢’s share of the total world labor force. Although there is no motive
for intra-temporal trade, the law of one price holds across countries for the single traded
intermediate good. So P! = P

IV. Equilibrium
In this framework, the relative wage between country ¢ and country j depends directly on
relative tradeable sector productivities through the fact that each country produces the same

traded good, and the law of one price holds:

W, AT

Using the price index corresponding to the Cobb-Douglas aggregator for consumption, it
follows that the relative price level or real exchange rate between country ¢ and country j is

given by
1-6
P

E,P;

AT AN
AT AN
¥ 1

(10)

The relative price level is positively related to relative traded sector productivity, negatively
related to relative non-traded sector productivity. In fact, the elasticity of relative prices
with respect to traded sector productivity is equal in magnitude but opposite in sign to
the elasticity of relative prices with respect to non-traded sector productivity. Note is that
it is crucial that there be two sectors, one traded and one non-traded. Given the normal
negative relationship between prices and productivity, it is very difficult to generate a positive

correlation between prices and productivity in a one-sector model.

2.2 Specialization and terms-of-trade effects

I now consider what happens when countries specialize in the production of different baskets
of traded goods. I present a model with endogenous specialization in differentiated goods
due to the existence of increasing returns. Assume again that there are M countries, indexed
1 =1,...,M. Again, world labor supply is normalized to one, and country ¢ has share s;
of the world labor force. Each country produces both traded and non-traded goods. There
is a potentially infinite number of varieties of the traded good. Because of fixed costs of
production of individual varieties, each country specializes in the production of a distinct set

of traded goods, the number of which is endogenously determined.



I. Consumers
Preferences are identical in each country. Preferences over traded and non-traded goods are

again given by

CiTéoiNka
T Y
with corresponding price index
-Pi — .P,L'T(SPiNl_(S (12)

These preferences result in demands for traded and non-traded aggregates of the form
PTCT = §P,C; and PNCN = (1 —0) PC; (13)

Preferences over varieties of the traded good are of the Dixit-Stiglitz form with elasticity of
substitution 7. Traded varieties are indexed by j and C' (j )ZT is the consumption of variety j

in country 1
n

n—1 | 771

- [xeur

The corresponding price index is

Given these preferences, demands for individual traded goods take the constant price-

C ()i = (Pg;)i) cr (16)

elasticity form

II. Producers
Labor is the only factor of production. Within any given country ¢, TFP may differ across
traded and non-traded sectors, but is the same across all traded varieties. Country ¢ produces
n; varieties of the traded good, where the number of varieties is determined endogenously.

Traded sector production functions have a fixed cost component in terms of labor (i.e. the



fixed cost does not disappear as productivity grows):*
V() = AT (LG —a] and ¥ =AMLY (17)

The market for non-traded goods is perfectly competitive, so prices are set equal to marginal
cost. Producers of traded goods maximize profits by setting price equal to a markup over
marginal cost (where the markup is a function of the elasticity of demand they face). They

ignore the externalities from individual firm behavior on the overall price level.

S

N
P() =355 and BY = Tx (18)

2

With free entry, the zero profit condition for traded-sector firms is

aW; =Y (j)] [P ()i WZ} (19)

1 AzT

Together with pricing behavior, this implies the following relationship between output of
each variety and productivity:

Y () =a(m—-1)A (20)

III. Market clearing

Labor markets are integrated and perfectly competitive so wages are the same in both sectors
Wl =whN=w; (21)

and the labor market clears
S LG) +LY =LT+ LY =5 (22)
J
L( j)ZT is the amount of labor employed in the production of variety j of the traded good.

Each country has a balanced current account in each period, i.e. the value of goods produced

4This assumption is not innocuous. However, as I argue later, the prediction that terms-of-trade effects
mediate the relationship between relative prices and relative traded sector productivity is not specific to this
particular assumption.



is equal to the value of goods consumed
PC;=P'Y; =W; [L] + L] = W;s; (23)

By analogy with the consumption aggregate and the consumer price index, aggregate output

and the producer price index are defined as

Y-T§Y4N(l_5)
— i

Vi = St and PY = pYopY0Y (24)

where PI? is the producer price index for traded goods, distinct from the consumer price
index for traded goods, P!.% Since the current account is equal to zero at all times, the

7

value of traded goods produced by country i is equal to the value of traded goods consumed:
> P )Y () =0RC; (25)
J

IV. Law of one price

The law of one price holds for traded varieties:

1

P(x)] = E;P (x)] (26)

and since preferences are identical, Purchasing Power Parity holds for the traded consumption
aggregate:
Pl = E,;P} (27)

V. Equilibrium
A zero current account implies that the wage bill in the traded-goods sector is equal to the

value of traded goods consumption, and similarly for the non-traded goods sector

W;LT = 6P,C; and W;LY = (1 — 6) P.C; (28)

°In general, when the current account is not constrained to equal zero, the aggregate price level should
be negatively correlated with the current account. To maintain a surplus, a country must have a low price
of non-traded relative to traded goods.



This implies that the amount of labor employed in each sector is given by:
LT =4s; and LY = (1-9)s; (29)

A country with traded-sector labor force ds; will produce n; traded varieties, where

LZT (581' 531’
n; = ~T T T - (30)
L(j); a+Y(4); /4 an

Market clearing for each individual traded good says that the amount produced of each

variety equals total world demand for that variety.

vor -y (THE) Og o

k=1

Substituting in and rearranging yields a first relationship between wages, traded sector pro-

ductivity, and the price of the traded aggregate:

M

WA — [L] — > s BT (32)
n—1 an +—

Then, for all countries ¢ and j relative wages depend on relative traded sector productivity,

with an elasticity that depends on the elasticity of demand for a country’s traded output:

W, (AT
Wi (AT> (%)
J

Since PPP holds, the relative price level or real exchange rate between country ¢ and country

k is given by

]Di B -PiT 1 ]DiN 1—(5— AIZCVVVZ 1-46 (34)
P, |PI] [PV LAY W

P (AN AT\ o

P W(A;-s)

Equation (33) says that, in contrast to the classic Balassa-Samuelson prediction, the elasticity

of relative wages with respect to relative traded sector productivity need not equal one. In
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fact, as long as the output of country ¢ is imperfectly substitutable with the output of other
countries, the elasticity is less than one. The intuition is that imperfect substitutability
leads each individual country to face a downward-sloping demand curve on world markets
for its traded output, as captured in equation (31). An increase in traded sector productivity
leads to an increase in the supply of traded varieties produced in country 7 relative to other
countries. However, because of the fact that demand is downward sloping, this depresses the
relative price of country i’s output, i.e. there is a terms-of-trade effect. As a result, demand
for labor increases less than in the classic case, so wages are driven up by less than in the
classic case. As the intuition suggests, terms-of-trade effects are not specific to this particular
model.® In fact, in a more general framework, it is possible to envisage that terms-of-trade
effects might be sufficiently perverse that an increase in traded-sector productivity could
actually lead to a reduction in relative wages.”

A corollary of the terms-of-trade effect is that aggregate productivity may in fact be
negatively correlated with relative price levels. Equation (35) says that relative prices are
a weighted average of relative traded sector productivity and relative non-traded sector
productivity. Due to the terms-of-trade effect, the weight on traded sector productivity is
smaller in absolute value than the weight on non-traded sector productivity. Hence, if the
gap in traded sector productivity between a pair of countries is small relative to the gap in
non-traded sector productivity, the non-traded sector productivity may dominate. This may
induce a negative relationship between aggregate productivity (a function of both traded
and non-traded sector productivity) and relative prices. To illustrate this, consider the case
where in each country, productivity is identical in traded and non-traded sectors. In this

case, aggregate productivity A; is equal to sectoral productivity AT and AN. Substituting

A; and A; in to (35) yields:
P (AN
P\ A

This demonstrates that under certain circumstances, more productive countries have lower

SThe terms-of-trade effect on relative price levels has been noted by Benigno and Thoenissen (2002) and
MacDonald and Ricci (2002). It is similar to the terms-of-trade effect in Acemoglu and Ventura (2001),
though they examine the results in the context of the world distribution of incomes rather than the distrib-
ution of prices.

"In this framework, values of i (the parameter governing the elasticity of substitution between traded
varieties, and the elasticity of demand for each variety) that are less than one violate equilibrium conditions.
With less restrictive preferences, it is possible to envisage an elasticity of demand for a country’s output that
is less than one.
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price levels instead of higher price levels.®

2.3 Trade costs and interdependence

Now suppose that everything is as in section 2.2 except that there is an iceberg cost of
trade, assumed proportional to the distance between countries. When this cost is non-zero,
different countries end up consuming different baskets of goods, because they face different
relative prices. They will tend to trade more with countries that are closer to them, and
that are large. This gives the model gravity-type features.

With an iceberg trade cost, prices of identical traded goods differ across countries. If
good ¢ is produced in country ¢, then the relationship between the price of the good in
country ¢ and any other country k is given by:

r_ P();

’ (36)

where 7 scales all trade costs, and d;; is the distance between country ¢ and country k,
assumed greater than or equal to zero. The distance between a country and itself is always
equal to zero.

As before, market clearing for each individual traded good says that the amount produced
of each variety equals total world demand for that variety. So, taking account of the fact
that the amount that is exported is larger than the amount that is imported due to the

iceberg trade cost yields:

M AT\ "
Yy ()] = E ( k
S k15< PT ) PT 11— r.dy 37

Substituting in and rearranging yields the first equilibrium condition: a relationship between

wages, traded sector productivity, and the price of the traded aggregate:

Wi AT — | 1 o K i Sk pIn=ly, (38)
oo Cn—1 — (1 T-dik)l_n g '

Substitution into the traded price index yields the second equilibrium condition: a relation-

8Note that one-sector models (or models with uniform within-country productivity) always generate a
negative correlation between productivity and prices.
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ship beween wages, traded sector productivity and the price of the traded aggregate:

pTi-n _ { Ui

1-—n 5 M .
7 ,'7_1

ONT S ATyt (39)
an (1 - rdg) " F
Using (39) to substitute into (38) yields a system of equations the solution to which is the

vector of relative wages:

-1
W?]ATl_n _ f: Ska; iw: ShAC}Z;n_]-W;:_n (40)
L =1 (1 - T.dik>lin h=1 (1 - T.dkh)lin

This model cannot be solved for relative wages in closed form. However, from (40) it is clear
that the relative wage between any given pair of countries depends not only on traded sector
productivity in that pair of countries, but also on productivity in other countries. This
implies that the relative price level between a pair of countries depends on the traded-sector
productivity of all other countries. With asymmetric trade, bilateral real exchange rates for
different country-pairs are interdependent. Note that (40) is also the equilibrium condition

of a model with Armington specialization and perfectly competitive traded-sector firms.

3 Simulation of the model

3.1 Data and parameters

The model with trade costs presented in the previous section, and summarized in equation
(40) cannot be solved in closed form, but it is relatively parsimonious in terms of parameters.
The solution depends on just three global parameters: d, the value share of traded goods
in consumption; 7, the elasticity of demand for traded output on world markets and 7, the
iceberg cost of trade. It also depends on the size distribution of countries (where size refers
to the size of the labor force), bilateral distances, and of course on productivity in traded and
non-traded goods sectors. All of these are relatively easy to measure for developed countries.
I construct measures of traded and non-traded sector TFP levels for a set of 10 European
countries: Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands, Norway,
Sweden and the UK.These countries trade a good deal with each other, but relatively little

with countries outside the group, which is consistent with the model.
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Price data are necessary for econometric evaluation of the model. Estimates of the rela-
tive price levels of absorbtion (Private consumption, C' plus government consumption G plus
investment /) are taken from the Penn World Tables, Version 6.1. The relative price I use is
labelled P in the database.” Total absorbtion is the most appropriate empirical counterpart
to the model concept C, since G and [ are not modelled. Although the benchmark studies
on which price level comparisons are based are carried out only at 5-year intervals, the au-
thors of the PW'T use data from national accounts to interpolate price comparisons between
benchmark studies. Common weights are used to make the relative price comparisons. This
contrasts with the model, where the price level P is an index that corresponds exactly to
a utility function, which allows the weights to vary with relative prices. In practice, since
the countries under consideration are all developed countries, price-appropriate weights are
unlikely to differ much across the sample. Therefore it is unlikely that the assumption of
identical weights biases the results substantially.

Section 2 presents a one-factor model, where TFP and labor productivity are identical. In
the real world there are many factors. Simple models with multiple factors suggest that the
appropriate measure of productivity is total factor productivity. Total factor productivity
comparisons are often made using value added, because sectoral production and input use
time series are not available. As explained by Caves, Christensen and Diewert (1982), if
the value added function is Cobb-Douglas in capital and labor, with exponent « on labor, a

superlative,!” transitive TFP comparison is given by

TFP!  YJI LYK}
TFP] Y] LK

(41)

This is the method used to construct the productivity estimates.

The OECD Intersectoral Database gives data on sectoral employment, capital stocks,
value added and labor share in domestic currency, current and constant prices, for all of
the sample countries from 1970 to the mid-1990s. I update the database using OECD and
national statistical sources as described in the data appendix. I define Agriculture, Mining

and Manufacturing as traded sectors, and all the remaining sectors as non-traded. Over

9Consumer prices and expenditure weights are used to construct the relative price P reported in the Penn
World Tables. This suggests that it is more appropriate to think of it as a price of absorbtion rather than a
price of output in an open economy context.

10j.e. exact for the flexible translog value added function.
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time, changes in the costs of trade have naturally altered the range of goods and services
that can be and are traded. However, a finer and potentially time-varying classification of
traded and non-traded would reduce the sample size, as many countries do not report all
variables at a sufficiently fine level of disaggregation.!!

Constant-price data on aggregate value added are converted to international dollars using
the Summers-Heston PPP for absorbtion for the base year (1990). Traded sector constant-
price value added is converted to international dollars using the base-year exchange rate.
This is consistent with the assumption in the model that the law of one price holds for
tradeables. Non-traded sector constant-price value added is converted to international dollars
using a PPP for the non-traded sector, constructed using Summers-Heston benchmark data
for the base year.!? Aggregate and sectoral constant-price capital stocks are converted to
international dollars using the base year PPP for investment (P; in the Summers-Heston
notation). Further details on the construction of the productivity data can be found in the
data appendix.

Population, taken from the Penn World Tables, is used as the measure of size. Bilateral
distance is the distance in kilometres from capital city to capital city. Bonn is assumed to
be the capital city of Germany throughout the period 1970-99.

In order for the simulation to make sense, baseline values of the parameters must have
some connection to reality. The value share of traded goods in total consumption, ¢ is
tricky to estimate, but for the countries under consideration, the value share of traded goods
in production can be easily calculated from the OECD Intersectoral database. Where the
current account is relatively small as a fraction of total output, the two should be similar.
The value share of traded goods in total output has in fact fallen steadily over the past 30
years in almost all OECD countries, from a high of 0.5 to a low of 0.2 in some countries.
This indicates misspecification of the Cobb-Douglas aggregator over tradeables and non-
tradeables, but at this time, I do not deal with the issue.!® I set § = 0.5 throughout.

Although I present a model where 7 is a global parameter, there are strong reasons to

believe that the elasticity of export demand actually differs across countries. In particular,

"De Gregorio, Giovannini and Wolf (1994) use the ratio of sectoral exports to production to classify sectors
as traded or non-traded. They classify Transportation services as traded. In the 1990s, services made up 15
to 20 percent of trade for the countries in my sample

12Details of the construction of this PPP are available on request.

13Non-homotheticities are assumed by De Gregorio et al. (1994) to match the evolution of relative quan-
tities and relative prices of traded and non-traded goods.
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it is likely to depend on country size, the degree of specialization of the economy and market
structure in the sectors in which the country specializes. The size of this particular parameter
is of great interest to policy-makers, because it governs the response of exports to a devalua-
tion. Several studies attempt to estimate it for a wide variety of countries. The consensus is
that the price elasticity of export demand differs across countries, that it is larger in the long
run than the short run, and that in the long run, it lies somewhere between 0 and 4, being
concentrated in the neighborhood of 1."* Although the theoretical model makes sense only
when 1 > 1, there is no clear prediction on whether the long run elasticity is systematically
greater than 1 or less than 1. Hence, it may be empirically relevant to consider the case of
terms-of-trade reversals. I examine the effects of assuming elasticities that range from 0.5 to
4.

The parameter 7 governs the strength of trade costs. It must be greater than or equal to
zero. The maximum value of 7 is dictated by the restriction that all countries in the sample
trade with each other at least to some extent. Hence 1 > 7.d.x where d.x is the maximum
bilateral distance between country-pairs in the sample. Trade costs probably fall over the
period 1970 to 1999, and falling trade costs should generate convergence in price levels for a

given distribution of relative productivities.

3.2 Simulation results

I explore the properties of the simulated model as follows: The data and parameters described
above are used to construct model-consistent price series. This synthetic data, along with
the actual data on traded and non-traded sector productivity is used to estimate a number
of different reduced form approximations to the nonlinear model with trade costs.

First, I investigate the performance of the estimating equation suggested by the model

without trade costs. Taking logs of
1-6

AN (A.T)"Zl
— | =5 (42)
AN \ AT

14Gee, for example the survey of Goldstein and Khan (1985) and for a more up-to-date example Senhadji
and Montenegro (1998).

P,
P,
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and adding an error term to allow for the fact that the approximation is not perfect yields:

P T N

A Ap
= +8;In—% + 58,1ln —=
Fop =Pt By

In AT A N

+ Eijt (43)

Table 1 reports the results from estimating this equation using data sets constructed under
several different configurations of the trade cost, 7, and the elasticity of demand for country
exports, n. Values of 1 that are less than one are considered. This is inconsistent with spe-
cialization due to increasing returns and monopolistic competition, but is not inconsistent
with Armington specialization, for example. The results in Table 1 indicate that the relation-
ship between relative prices and relative non-traded sector productivity is indeed negative
in the model with trade costs. It indicates that the relationship between relative prices and
relative traded sector productivity depends on the elasticity of demand for country exports
in the direction predicted: The closer to one is the elasticity of demand, the smaller is the
elasticity of relative prices with respect to relative traded sector productivity. In fact, if de-
mand is inelastic (n < 1) there is a negative relationship between relative prices and traded
sector productivity. The results further suggest that when trade costs are large, extracting
evidence of a significant relationship between prices and productivity may be difficult, as the
coefficients of the reduced form are not likely to be estimated with precision.

Second, I investigate the prediction that for a given country-pair, relative prices depend
on traded sector productivity in all countries and not just on productivity in that pair. This

is done by estimating the reduced-form approximation

Py A AN
In Eui Py =By + f11n + By In AN ijk In Akt + Eiji (44)
iyt Jt ki,

on a country-by-country basis. For each of the 9 country-pairs with France, synthetic relative
prices are regressed on actual relative traded and non-traded sector productivity, and on
traded-sector productivity in each of the remaining 8 countries. The results from this exercise
are reported in Table 2, with the coefficients ¢;;;, not recorded. The results indicate that
relative prices depend on third-country productivity, and that once dependence on third-
country productivity is controlled for, the relationship between bilateral relative prices and
bilateral traded and non-traded sector productivity is remarkably similar to the relationship

in the model without trade costs. In fact, once third-country productivity is controlled for,
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the bilateral relationship between relative price levels and productivity is precisely estimated.
This implies that the failure to control for interdependence may lead to strongly biased and
imprecise estimates of the relationship between relative price levels and relative traded sector

productivity.

4 Econometric evaluation

First, I show that if production is in fact specialized as in the models in sections 2.2 and 2.3
then some classic tests of the productivity model of real exchange rates are badly misspecified.
I also argue that panel cointegration tests as implemented by many researchers in this field
are likely to give misleading results if trade is asymmetric and third country effects on
bilateral real exchange rates are important. I implement specialization-consistent tests of
the productivity model using the sample of 10 European countries described in section 3. The
results are not strongly conclusive, though they are not inconsistent with the productivity

model of real exchange rates outlined in 2.3.

4.1 Panel evidence
4.1.1 Time-series tests of the productivity model

In a number of influential papers, researchers have used time-series data to test an “interme-
diate” prediction of the Balassa-Samuelson framework: that the price of traded relative to
non-traded goods depends on the ratio of productivity in the traded and non-traded sectors.
In order to do so, they use data on production deflators to capture the evolution of trade-
ables prices relative to non-tradeables prices.!® In the notation of this paper, they regress
PY" /PN or its difference on AT /AN or its difference. In a world where there is only one
homogeneous tradeable good, this makes perfect sense. But when different countries produce
different tradeable goods, the test is flawed. As the exposition of the model with special-
ization demonstrates, the intellectual capital of the Balassa-Samuelson model is staked on a
correlation between PT /PN and AT /AN not on a correlation between PY" /PN and AT /AN .

These papers provide robust evidence of a correlation between PY" /PN and AT /AN, but

5This test is implemented by Asea and Mendoza (1994), De Gregorio et al. (1994) and Canzoneri, Cumby
and Diba (1999).
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this is not, as they claim, evidence in favor of the Balassa-Samuelson model. If price is
a function of marginal cost (an assumption not specifict to the Balassa-Samuelson model)
relative prices and the ratio of marginal costs should be correlated even in a perfectly closed
economy, for any two sectors arbitrarily defined.

The other approach to testing the productivity model of real exchange rates involves
testing for the existence of a long-run relationship between bilateral real exchange rates
and bilateral sectoral productivity using time-series data, and estimating the coefficients of
this relationship (i.e. (43)). This is an appropriately specified test of the model. However,
the results from these tests are almost uniformly unsupportive. Evidence of the predicted
cointegrating relationship between prices and productivity on a country-by-country basis
is weak. The coefficients on traded and non-traded sector productivity are not estimated
precisely, are unstable, and frequently have the “wrong” sign.'® The explanatory power of
sectoral productivity is very low, both in levels and in differences. The evidence in section (3)
suggests one reason why this might be the case. When the pattern of trade across countries
is asymmetric (as it is), the failure to control for third-country traded-sector productivity
may lead to biased and imprecise estimates of the relationship between relative price levels
and sectoral productivity.

Chinn and Johnston (1996) and Chinn (1997) obtain what they view as stronger evidence
of cointegration between real exchange rates and productivity using panel-cointegration tests.
However, the existence of asymmetric interdependence relationships between countries inval-
idates the use of panel time-series tests for the existence of a long-run relationship between
prices and productivity. This is because asymmetric interdependence is likely to induce
cross-group cointegrating relationships between relative price levels, i.e. the relative price
level between a given pair of countries is cointegrated with the relative price levels of all
other country-pairs drawn from the original pair’s trading partners. As demonstrated by
Banerjee et al (2000, 2001), this results in an empirical size of panel unit root tests that is

considerably higher than the nominal level.

16See Asea and Mendoza (1994), Chinn and Johnston (1996) and Chinn (1997).
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4.1.2 New evidence from a panel of 10 European countries

In testing the productivity model of real exchange rates using my sample of 10 European
countries 1970-99 I attempt to improve on the previous literature by controlling for asym-
metric interdependence. When there are no costs of trade, the model outlined in section
2.2 suggests a log-linear specification for the relationship between relative prices and sec-
toral productivity. The simulation evidence suggests that when trade costs are non-zero, the
relationship is approximately log-linear, once it is augmented to control for third-country

traded-sector productivity. This leads me to propose the estimating equation

In 8,1 —A5+51 —Ag+AZp InAT. . + (45)
EijiPj ! Al 2 AN K —igt Tt

where A:fijt is the vector of traded sector productivity in countries other than 7 and j and
A&bij is a vector of weights on these third-country productivities that is specific to the pair

7 and j. The element \¢,., of this vector is the elasticity of the real exchange rate between

ijk
country ¢ and country j with respect to traded sector productivity in country k. Note that
A1, 18 not constrained equal to A@y;;. Unrestricted estimation of A&Sij by non-linear least
squares is feasible if the number of countries included is significantly smaller than the number
of time-series observations. However, it greatly reduces the degrees of freedom in the case
under consideration. In an appendix available on request, I show that the effects of third-
country productivity depend on bilateral import and export shares. This suggests using
OECD data on average relative trade shares to calibrate the interdependence parameters
up to the order of a constant, A\. Let «;, denote the share of country £ in country ¢’s total

within-sample trade, and o the share of country £ in country j’s total within-sample trade.

I construct
!

é’i = | (g —an) - (v — i)

Given the way in which &z is constructed, A should be positive as long as the direct effect of

changes in Al on prices in countries i and j, together with the substitution effect in country
k, outweigh income effects in country k.

For any set of NV countries there can be at most N — 1 independent bilateral observations

on relative prices. Therefore, it is usual to choose a numeraire country and write all variables

relative to the numeraire. I choose France as the numeraire. Specification (45) has the
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convenient property that if the constant term is set to zero, transitivity of price ratios is
imposed in pooled estimation.!” I do not in fact impose this restriction, but in most cases,
it is clear that the data would not reject it.

The results from estimating equation (45) using pooled OLS, Between effects and Fixed
effects are reported in Table 3. An AR(1) correction is implemented in the pooled OLS and
Fixed effects estimates in an attempt to control for persistence. There are four important
points to note about these results. First, within this group of developed countries, there
is a negative cross-sectional relationship between price levels and aggregate productivity.
This is entirely consistent with the specialization-augmented model. Second, the coefficients
on relative traded and non-traded sector productivity are in general imprecisely estimated.
In particular, the sign of the coefficient on traded-sector productivity is not robust across
specifications. This is consistent with biases from imperfect controls for third-country pro-
ductivity. However the third point to note is that a negative coefficient on traded-sector
productivity is not inconsistent with the model, though it requires terms-of-trade effects
to be perverse. Finally, including a weighted average of third-country productivity greatly
increases the explanatory power of the model, and its sign is robustly positive. This is con-
sistent with the predictions of the model including trade costs. In order to demonstrate that
these results are not at odds with the theoretical model, in Table 4, I report the results of
estimating pooled OLS, Between effects and Fixed effects using simulated instead of actual
price data. To summarize, the panel estimation is not strongly supportive of the augmented
productivity model of relative price levels, but it is not inconsistent with it.

Of course, given that the data appears to be strongly persistent it is also appropriate
to ask whether there is evidence of a cointegrating relationship between relative prices and
relative sectoral productivity. The results from testing for unit roots in the data on a
country-by-country basis using the DF-GLS test are reported in Table 5. In general, it
is not possible to reject the null hypothesis of a unit root for these countries and these
series, though the low power of the test in a short series of 30 observations suggests caution.
Accordingly, I proceed to test for cointegration on a country-by-country basis, using the

ADF-GLS test described by Perron and Rodriguez (2001). The results are reported in Table

17This would not be the case if the equation were written in terms of ratios of AT to AN, as is common
in the literature.

18 As already explained, it is likely that the panel unit root tests that currently exist are inappropriate in
this context.
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6. It is not possible to reject the null hypothesis of no cointegration. That is, using this data
and this test, there is no evidence of a robust long-run relationship between relative prices
and sectoral productivity.

There are several possible explanations for this failure. First, the test has low power
in short samples. In an earlier version of this paper, I perform a Monte Carlo experiment
to investigate this hypothesis. The conclusion from this exercise is that low power alone is
probably not the reason for the failure to reject the no-cointegration null. Second, measure-
ment error is pervasive in this situation. We measure productivity badly within countries,
especially non-traded sector productivity, and cross-country comparisons of prices and pro-
ductivity are even more fraught with problems. Since variation in the independent variables
over time is small for this sample of developed countries (no country experiences a productiv-
ity transition) it is all the more likely that measurement error will make the true relationships
hard to uncover. As the evidence in section 3 demonstrates, controlling properly for third-
country productivity is important, and it may not be appropriately dealt with using the

calibrated weighted average él In AT... Third, the model on which the estimating equation

] —ijt*
is based leaves out potentially relevant features of empirical economies. It does not allow
for cross-country differences in competition.'® It assumes that the law of one price holds for
traded goods, when there is substantial evidence to the contrary. All of these factors could
potentially explain why the evidence of a time-series relationship between price levels and
sectoral productivity is weak. More work is necessary to establish whether this requires a

modification of the model, or a more powerful empirical approach.

5 Conclusion

The main contribution of this paper is theoretical. I demonstrate that trade models have an
important contribution to make to the literature on real exchange rate determination. Once
a motive for intra-temporal trade is introduced into the classic Balassa-Samuelson model
through specialization of production, it is clear that terms-of-trade effects modify the rela-
tionship between relative prices and traded-sector productivity. Terms-of-trade effects reduce
the elasticity of relative prices with respect to traded sector productivity, and may even re-

verse the sign of the relationship. Further, explicit consideration of specialization combined

9Tn an earlier version of the paper, I provide some evidence that this may be important.
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with costs of trade suggests that relative price levels between a given pair of countries depend

not just on sectoral productivity in that pair, but also on traded-sector productivity of the

countries that they trade with. Simulation of the model using data on 10 European countries

suggests that the magnitude of both of these effects is likely to be empirically important. I

use the data-set on price levels and productivity levels for 10 European countries from 1970

to 1999 to implement a model-consistent test of the relationship between real exchange rates

and sectoral productivity. The results are not conclusive. I discuss some reasons for this,

and suggest some fruitful avenues for future reasearch on the question.
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A Data construction

Employment, Capital and Output are taken mainly from the OECD Intersectoral Database
(now discontinued). This database covers the 10 sample countries from 1970 until the mid-
1990s and gives employment, capital, output and the labor share by sector. The sectors
Agriculture, Mining and Manufacturing are defined as traded. All other sectors are defined
as non-traded. This classification is chosen to maximize the sample size and consistency
of the data. The coverage of the Intersectoral Database in terms of years depends on the
country and on the series. Where necessary, the database was updated to 1999. The main
source for the updating was OECD National Accounts. For some countries data from na-
tional statistical institutes was also required. Where there was a discontinuity between the
Intersectoral Database series and the series used to update, only the time-series variation
in the series used to update was integrated into the database. This required at least one
overlapping year between the two series. The capital stock was updated using a different
procedure from that used in the construction of the Intersectoral Database. The perpetual
inventory method was used, with the depreciation rate being set equal to the average depre-
ciation rate for that sector, backed out using the Intersectoral Database capital and gross
fixed capital accumulation data for the 5 years prior to the last capital observation in the
Intersectoral Database. The updated capital stock series were not sensitive to the choice of

depreciation rate. Further details of the updating are available on request.

A.1 Capital comparisons

The OECD Intersectoral Database supplies an estimate of the sectoral capital stock, valued
at 1990 local prices, and converted into 1990 international dollars using the PPP for capital
in 1990 given in the PWT. The same PPP is applied to capital in all sectors in a given
country. The capital employed in country ¢, sector j in year ¢t valued at 1990 international

prices is thus calculated as

K

P K1990
K i o tw, K j
Pgeo o = P P o900z
¢,1990

where the w subscript refers to world prices and the ¢ subscript refers to domestic prices.
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A.2 QOutput comparisons

The OECD Intersectoral Database supplies sectoral output data valued at 1990 domestic
prices and at current domestic prices. Price deflators vary across sectors, as relative prices
can change over time. Total output valued at 1990 domestic prices is converted to total
output valued at 1990 international prices by multiplying by the PPP for output in 1990
taken from the PWT:

Y
1 P
Y o w,1990 Y
Pw71990Yc,t B pY Pc,1990Yc,t
¢,1990 4 ¢1990

Shares of output in the tradeable and non-tradeable sectors are calculated valued at 1990

domestic prices:
J J
P 1900Y¢

Shes i = ———=
" Pc),/1990}/0,t

Non-tradeable output valued at world prices is calculated using:

N N N

1 Pigeo PrigooYer Py

E PN PY vy ¢,1990 * ¢,t
¢,1990 £ ¢1990 c,1990* ¢t

N N _
Pw,1990Yc,t =

where the non-traded sector PPP in 1990 is calculated from the Summers-Heston benchmark
data for 1990. Details of this calculation are available on request. According to the model,
which assumes that the law of one price holds for tradeable output:

T o T
P 1990 = Ee,1990 Py 1990

it is appropriate to use the nominal exchange rate to convert tradeable output to world
prices. Since in any case, constructing output PPPs for the tradeable sector raises both
conceptual and practical difficulties, I follow the guidance of the model:

1 P 51990}/5;

9 Y
B Yy Pc,1990Yc7t
¢,1990 £7¢ 1990 % ¢t

T T _
Pw,lggoyc,t =

A.3 TFP comparisons

The formula I use to calculate TFP is described in the text. Due to lack of data availability,
I do not control for hours worked, capital utilization or other factors besides capital and

labor. Nor do I control for deviations from perfect competition. The production function
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for sectoral value added is assumed to be
Yc{t = Ai,t (Kg,t)l_aj (Lg,t)aj

The exponents on capital and labor are allowed to differ across sectors, but are assumed
constant over time and across countries. The value chosen for «; is the average across
sample countries and sample years of the labor share of output in that sector. This labor
share is constructed using data from the OECD Intersectoral database. It is calculated using

data in current domestic currency. TFP levels are calculated as

J J
Aj o Pw,199())/c,t
c,t —

(P151990Kg,t) T (Lf%t) "

A.4 Labor productivity

Sectoral labor productivity is calculated by taking the simple ratio of sectoral output,

weighted by the world price of output in that sector in 1990, and employment in that sector:

J J
P w,1990Yc,t
J
Lc,t

Jj
ct —

A.5 Other data

In calibrating the parameters of a multi-country asymmetric version of the model, I use bilat-
eral trade data from the OECD. I also use input-output tables from the OECD. Population

from the PWT is the measure of size.
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Table 1: Prices and productivity in the trade cost model

‘ elasticity ‘ coeff.  s.e. R? ‘ coeff.  s.e. R?
n=4 T=0 7 = 0.0002 7 = 0.0004
In AT /AT | 0375 | 0.34 (0.00) 0.99 | 0.30 (0.00) 0.94
In AY /AY -0.5 -0.51  (0.01) -0.53  (0.01)
const. 0.00  (0.00) 0.01  (0.00)
n=15 T=0 7 = 0.0002 7 = 0.0004
In AT /AT 0.17 0.06 (0.01) 0.77 | -0.14 (0.02) 0.59
In AY /AY -0.5 -0.52  (0.02) -0.58  (0.06)
const. - 0.01  (0.00) 0.03 (0.01)
n =09 T = 7 = 0.0002 7 = 0.0004
In AT /AT -0.06 | -0.23 (0.01) 0.88| -0.59 (0.04) 0.71
In AY /AY -0.5 -0.54 (0.03) -0.67 (0.11)
const. - 0.02  (0.00) 0.06 (0.01)

Note to Table 1: Synthetic price data is constructed using actual data on distance, size and
productivity for 10 European countries 1970-99, and the parameters assumed in the table.
Table reports estimated coefficients from the regression of the log relative price level (relative
to France in each case) on log relative traded and non-traded sector productivity.

Table 2: Third-country productivity in the trade cost model

7 = 0.0002 7 = 0.0004
n=15 n=15

In % se. In ﬁi; se. |In % s.e. In gé\vj s.e.
Belgium | 0.17  (0.00) -0.50 (0.00) | 0.17  (0.00) -0.50 (0.00)
Denmark | 0.17  (0.00) -0.50  (0.00) | 0.17  (0.00) -0.50  (0.00)
Finland | 0.17  (0.00) -0.50  (0.00) | 0.16  (0.00) -0.49  (0.01)
Germany | 0.17  (0.00) -0.50 (0.00) | 0.18  (0.00) -0.50  (0.01)
Ttaly 0.16  (0.00) -0.50 (0.00) | 0.15  (0.00) -0.50  (0.01)
Neth. 0.17  (0.00) -0.50 (0.00) | 0.16  (0.00) -0.51  (0.00)
Norway | 0.16  (0.00) -0.50 (0.00) | 0.15  (0.00) -0.50  (0.00)
Sweden | 0.7  (0.00) -0.50 (0.00) | 0.16  (0.00) -0.50  (0.00)
UK 0.16  (0.00) -0.50 (0.00) | 0.16  (0.00) -0.50  (0.00)

T7=0 0.17 -0.5 0.17 -0.5

Note to Table 2: Synthetic price data is constructed using actual data on distance, size and
productivity for 10 European countries 1970-99, and the parameters assumed in the table.
Table reports estimated coefficients from the regression of the log relative price level (relative
to France in each case) on log traded and non-traded sector productivity, including the level
of traded sector productivity for all other countries in the regression.
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Table 3: Summary statistics: Prices and productivity
(1) (2) (3) (4) (5) (6) (7) (8) (9)
POLS POLS POLS BE BE BE WI WI WI

A -0.52 -0.48 -0.41
(0.16) 0.39 (0.21)

AT -0.13  -0.04 -0.12  0.16 -0.10  -0.06
(0.08)  (0.09) (0.35) (0.45) (0.11)  (0.10)

AN -0.26  -0.18 -0.09 -0.10 -0.40 -0.27
(0.21)  (0.20) (1.00)  (1.00) (0.23) (0.23)

AT, 1.13 1.97 1.15
(0.50) (1.95) (0.61)

cons. -0.08 0.04 0.02 -0.08 -0.02 0.01
(0.04) (0.03) (0.02) (0.08) (0.07) (0.08)
AR(1)  yes yes yes no no no yes yes yes

Notes to Table 3: POLS is pooled OLS with correction for AR(1) errors and cross-group error

correlation. BE is between effects. WI is within or fixed effects estimation with correction for
AR(1) errors and cross-group error correlation. Dependent variable is log of the simulated

price level relative to France. A is log aggregate TFP relative to France. A” and ANare
log traded and non-traded sector TFP relative to France; A, is a weighted average of log
traded sector TFP of all third countries; standard errors in parentheses.

Table 4: Simulated prices and productivity: n =17, 7 =4 x 107°
(1) (2) (3) (4) () (6) (7) (8) (9)
POLS POLS POLS BE BE BE WI WI WI

A -0.39 -0.44 0.18
(0.03) 0.16 (0.04)

AT -0.06  0.01 -0.14  -0.03 0.20  0.20
(0.02)  (0.02) (0.15)  (0.20) (0.00)  (0.00)

AN -0.57  -0.51 042 -0.43 -0.50  -0.50
(0.05)  (0.05) (0.42) (0.43) (0.00)  (0.00)

PAT, 0.65 0.75 0.04
(0.10) (0.85) (0.00)

cons. 044 003 004 048 003  0.04
(0.03) (0.00) (0.01) (0.14) (0.03) (0.04)

R? 0.42 0.54 0.60 0.53 0.59 0.64 0.92 1.00 1.00

Notes to Table 4: POLS is pooled OLS. BE is between and WI is within or fixed effects
estimation. Dependent variable is log of the simulated price level relative to France. A is

log aggregate TFP relative to France. A7 and AMare log traded and non-traded sector TFP
relative to France; AZ, is a weighted average of log traded sector TFP of all third countries;
OLS standard errors in parentheses.
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Table 5: Unit root tests (DF-GLS)

P A AT AN A:CZ-
Belgium -2.01 -1.10 -0.50 -1.01 -1.15
Denmark -1.10  -0.79 -0.24 -0.31 -0.29
Finland -1.35  -0.98 -1.42 -1.04 -0.32
Germany -2.52 =279  -1.25 -1.21 -1.64
Italy -2.48  -2.95* -1.08 -0.27 -0.29
Netherlands -2.94* -1.87 0.36 -0.59 -1.13
Norway -2.55  -1.22 -1.50 -0.51 -0.29
Sweden -1.93  -1.13 -0.98 -0.77 -1.18
UK -1.35  -1.31 -2.14 -2.00 -0.86

Note: P is the log of the aggregate price level relative to France; A is the log of aggregate
TFP relative to France; A” is the log of traded sector TFP relative to France; A” is the log
of non-traded sector TFP relative to France; AT, is a weighted average of the log of traded

sector TFP of all countries except the country in question and France The test is described
in Elliott, Rothenberg and Stock (1996). DF-GLS t-statistics are reported. Critical values:
1% -3.77; 5% -3.19; 10% -2.89. * significant at 10%; ** significant at 5%; *** significant at

Table 6: Cointegration tests (ADF-GLS)

t-stat. 10% 5% 1%
Belgium -3.16  -3.85 -4.14 -4.77
Denmark =277 -3.85 -4.14 -4.77
Finland -2.50  -3.85 -4.14 -4.77
Germany -3.01 -3.85 -4.14 -4.77
Italy -3.66  -3.85 -4.14 -4.77
Netherlands -2.43  -3.85 -4.14 -4.77
Norway -3.29  -3.85 -4.14 -4.77
Sweden -1.95 -3.85 -4.14 -4.77
UK -3.03 -3.85 -4.14 -4.77
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Note: This table reports test statistics for null of no cointegration in the regression of P on
AT AN and AT,. Variable definitions are as in Table 5a. The test is described in Perron
and Rodriguez (2001). ADF-GLS t-statistics are reported. The appropriate 10%, 5% and
1% critical values are given in the columns of the table following the test results.



