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Abstract

We derive two key propositions of the Balassa-Samuelson model as long-run balanced growth impli-
cations of a neoclassical general equilibrium model. The propositions are that productivity differentials
determine international differences in nontradable relative prices and deviations from PPP reflect dif-
ferences in nontradable prices. Closed-form solutions are obtained and tested using panel methods
applied to long-run components of OECD sectoral data computed using the Hodrick-Prescott filter. The
results indicate that labor productivity differentials help explain international low-frequency differences in
relative prices. However, predicted nontradable relative prices are less successful in explaining long-run
deviations from PPP.

“Unless very sophisticated indeed, PPP is a misleadingly pretentious doctrine, promising us
what is rare in economics, detailed numerical predictions.” (Paul A. Samuelson, 1964, p. 153)

1. Introduction

In two seminal papers, Balassa (1964) and Samuelson (1964) independently argued
that labor-productivity differentials between tradable and nontradable sectors will
lead to changes in real costs and relative prices,' bringing about divergences in
exchange-rate adjusted national price levels. In the last 30 years this insight has been
the guiding principle for most theoretical and empirical research on real exchange
rates.

Several different predictions of the Balassa-Samuelson model have been explored
in the literature.? Some empirical studies have focused on Balassa’s finding that real
exchange rates bear a strong positive relationship to the level of output per capita
across countries. Others examine the relevance of sectoral-inflation differentials in
explaining differences in real exchange rates.” Furthermore, several theoretical
papers have focused on the determinants of the equilibrium relative price of non-
tradables in intertemporal models (Dornbusch, 1983; Greenwood, 1984).

However, surprisingly, little empirical work has been carried out on developing
intertemporal-equilibrium models to investigate the predictions of the Balassa-
Samuelson model. Exceptions are Rogoff (1991) and Obstfeld (1993). Obstfeld
provides evidence of deterministic trends in real exchange rates for Japan and the
United States. He develops a small open-economy model with unbalanced growth to

* All editorial decisions for this manuscript were made by the editor of this review and not by the Guest-
editors. We would like to thank two anonymous referees, Anusha Chari, Arnold Harberger, Ken
Sherwin, Kazimierz Stanczak, and Federico Sturzenegger for valuable comments and conversations. We
are indebted to José De Gregorio, Linda Tesar, and Gian-Maria Milesi-Ferreti for kindly providing the
data. Jeff Armstrong, Vincenzo Galasso, and Rhee Hongjai provided excellent research assistance. This
paper reflects the authors views and not those of the International Monetary Fund. Any errors and
omissions are our joint responsibility.
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gapture this important stylized fact. Our analysis differs from his in that we model a
two-country world with balanced growth in which long-run relative price differentials
reflect differentials in factor-productivity growth.* For the empirical analysis we
focus on differences across countries in long-run levels of real exchange rates and
domestic relative prices of nontradable goods. Thus, unlike Obstfeld, we are con-
cerned with the cross-sectional implications of the Balassa-Samuelson model rather
than its time-series implications.

In a closely related strand of the intertemporal-equilibrium literature, Stockman
and Tesar (1990) and Mendoza (1995) have studied the quantitative implications of
multisector-equilibrium models of the business cycle. The authors use numerical
methods popularized in the real business-cycle literature to evaluate the role of
productivity shocks and terms-of-trade disturbances in determining the cyclical
properties of the relative price of nontradables and the real exchange rate. In a
fecent contribution to this literature, Backus and Smith (1993) derive closed-form
solutions linking deviations from purchasing-power parity (PPP) and real interest
parity to international consumption patterns. They use a two-country general-
gquilibrium exchange economy to examine the possibility that nontraded goods may
explain the persistent deviations from PPP observed in the data.

This paper contributes to the empirical literature analyzing real exchange rates
from a general-equilibrium perspective. Our objective is to examine two basic
propositions of the Balassa-Samuelson model, namely, that (i) productivity dif-
ferentials determine the domestic relative price of nontradables and (ii) relative
price differentials explain deviations from PPP. We carry out the analysis in the
context of a two-country dynamic general-equilibrium model. We derive the Balassa-
Samuelson propositions as long-run implications of the model and obtain closed-
form solutions for the relative price of nontradables and the real exchange rate. This
8 done by imposing the constraints required for balanced long-run growth driven by
laboraugmenting (Harrod-neutral) technological progress.

We show that along the long-run balanced-growth path, the relative price of
nontradables is determined by the ratio of the marginal products of labor in the
fradable and nontradable sectors. This ratio can be expressed as a log-linear function
of the investment-output ratio in the tradable sector. The investment-output ratio
§ shown to be a function of exogenous parameters describing preferences and
technology. We then derive three empirically implementable equations from this
dynamic general-equilibrium version of the Balassa-Samuelson model. The empirical
fests take into account the long-run nature of the Balassa-Samuelson model by
extracting low-frequency components from time series for 14 OECD countries with
the Hodrick-Prescott (1980) filter. The empirical tests also exploit the panel structure
of the data.

The empirical evidence we provide suggests that low-frequency differences in
relative labor productivities do explain differences in long-run relative prices in our
sample of OECD countries. We conclude that the first proposition of the Balassa-
Samuelson model is consistent with the long-run implications of the balanced-growth
general-equilibrium model developed in this paper. We then follow Balassa (1964)
and examine the extent to which the theory can explain low-frequency deviations
from PPP observed in the data. The results suggest that while relative labor-
productivity differentials do explain the long-run behavior of the domestic relative
price of nontradables, the relative price of nontradables is far less successful in
explaining observed cross-country differences in long-run CPI-based and GDP
deflator-based real exchange rates. In our equilibrium model this negative result can
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be attributed to the failure of PPP in tradable goods, or to a rejection of either the
constant-elasticity forms of the production and utility functions or the balanced-
growth constraints.

As a byproduct of our analysis we are able to clarify two theoretical results that
are important in assessing the findings of some empirical studies of the Balassa-
Samuelson model. First, the proposition that sectoral labor-productivity differentials
are the only determinants of equilibrium domestic relative prices is, in general, only
a long-run implication of neoclassical models. We show that in the short run, the
ratio of marginal products of labor determines only the supply of nontradable goods
relative to tradable goods. Demand is determined by the households’ marginal rate
of substitution between the two goods. Thus, the short-run determination of the
equilibrium relative price of nontradables cannot be studied without modeling
the households’ optimization problem. This result casts doubt on empirical studies
of the Balassa-Samuelson model that only consider the supply-side and time-series
properties of the relative price of nontradables, without distinguishing between the
long- and short-run components of the data.

Second, a key finding of the original Balassa paper is that there is a positive
relationship between aggregate output per capita and the real exchange rate (or the
relative price of nontradables). However, the theoretical analysis shows that in the
long run, it is the ratio of sectoral marginal products of labor that determines the
relative price of nontradables. Therefore the Balassa-Samuelson model cannot pre-
dict how aggregate output per capita should relate to domestic relative prices. This
holds even if it is assumed that sectoral technologies are such that average and
marginal products are proportional to each other and that population is a good
proxy for labor services or hours worked. We conclude that, although the observed
positive relationship between aggregate output per capita and the real exchange rate
(or the relative price of nontradables) remains an important stylized fact, it can-
not be derived from the theoretical principles underlying Balassa and Samuelson’s
original formulation.

2. The Theoretical Framework

In this section we describe the structure of our two-country, two-sector, intertem-
poral general-equilibrium model. The model we examine is similar to that developed
by Stockman and Tesar (1990), but differs in that our analysis focuses on the long
run rather than on business-cycle frequencies. The conditions we derive for the long-
run behavior of the relative price of nontradables are robust to alternative specifi-
cations within the class of multisector intertemporal-equilibrium models of the open
economy. In particular, our results hold for models with or without complete
contingent claims markets and with or without distortionary taxes (Mendoza and
Tesar, 1993).

Consider a two-country world economy where households in each country consume
tradable and nontradable goods and supply labor services to firms producing those
goods. Households formulate optimal intertemporal plans to maximize expected
lifetime utility. Firms produce tradable and nontradable goods by hiring the services
of labor and capital and by combining them according to Cobb-Douglas technologies
subject to stationary productivity disturbances. Households and firms are free to
trade goods, equity, and financial assets internationally. For notational clarity we
only describe the characteristics of preferences and production in the home country.
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Foreign-country characteristics are symmetric and, where necessary, identified by an
asterisk.

Firms

Firms in the home country produce two types of goods, tradable (T) and non-
tradable (NT), according to the following constant returns to scale Cobb-Douglas
technologies:

¥i= MESNT) =2 AN P . D atE (1)
}/;’\'f i f'(Kr\! ‘_.\,r;\"! ) = A ;\ )’[Xrl\r'\f )r\'.'\-'f['lk';\'}"JI ---H.'\']f1 0= a NT < ]‘ (2)

where the production function, F(-), in each sector is assumed to be concave,
increasing, and twice continuously differentiable. The term Y!, i = T, NT is the
output of tradable and nontradable goods at time ¢ respectively; K}, i = T, NT are
the stocks of physical capital allocated to the production of tradable and nontradable
goods at time t. Factors of production are assumed to be perfectly mobile across
tradable and nontradable sectors and may be owned by households in either country.
The term N, i = T, NT represents labor inputs required for the production of each
good at time f, X, is an index of Harrod-neutral labor-augmenting technological
progress at time ¢, and A;, i = T, NT are stochastic productivity disturbances.’ Total
factor productivity in each sector is given by:

07 = AN(X)"T, (3)
8 = AT X )P (4)

The stationary productivity shocks induce fluctuations of macroeconomic variables
around long-run deterministic trends.® These long-run trends are identified by
imposing the balanced-growth conditions discussed in King, Plosser, and Rebelo
(1988) where growth is driven by exogenous, labor-augmenting technological pro-
gress as in (1) and (2). Technological change evolves over time at the rate y (where y
is the rate of growth of labor-augmenting technological change, i.e., the aggregate
growth rate). For conventional preferences and technology this results in balanced
growth for all components of aggregate demand. Moreover, from (3) and (4) it
follows that the total differential in total factor-productivity growth that has played a
key role in previous studies of the Balassa-Samuelson model is

/67 ) [GNT\
m(\ﬁ,') = ]n(-Ur.-\!.-,l-) = (aT — aNT)Iny + &1, (5)
where y = X7, /X7 = XNU/XT and &, = In(A%1/AT) — In(ANT)/ANT, where ¢ is

a stationary random process. Thus, for a given rate of balanced growth (y), the
differential in total factor productivity is determined by the difference in labor
income shares.

It is well known that with labor-augmenting technological progress the model
exhibits steady-state growth. Therefore, a transformation is required to render the
representative-households optimization problem stationary. This transformation is
achieved by dcﬂatirig all variables (except labor and leisure) by the index of techno-
logical progress X,.’
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The first-order conditions for the firm’s optimization problem, given the rental
rate for capital r, and the wage rate for labor w, in each sector, yield the following
zero-profit conditions:

fkI, NTY = rTkl + wINT, (6)
f(KNT, NNTY = pNTENT 4 NTANT (7

where f(-) and k;, i = T, NT represent the transformed (detrended) production
functions and the capital stock, respectively. The terms r}, i = T, NT are the rental
rates for capital in the tradable and nontradable sectors at time ¢, and w!, i = T, NT
are real wages in each sector at time 1.

Households

The economy is inhabited by an infinitely lived representative household with a
time-separable utility function defined over the consumption of tradables, non-
tradables, and leisure. The household maximizes the discounted sum of expected
lifetime utility:

E| DU, ML L)), 0<pg<]i, (8)

{

=)

where E is the expectations operator conditioned on the time ¢ information set, f is
the subjective discount factor, ¢/ and ¢'" are the consumption of tradables and
nontradables at time ¢ respectively, and L, is the time devoted to leisure. The
instantaneous utility function is twice-continuously differentiable in each of its
argumunis_

We assume a constant elasticity of substitution (CES) instantaneous utility
function:

[ ™ + (1 — Q)(eNMT) | VkLe]

1l -0

Dy = S 9

where Q is the share of tradables in consumption, 1/1 + y is the elasticity of

substitution between tradables and nontradables, and w is the elasticity of leisure.
Households maximize utility subject to the budget constraint

p;\"f'(..;\'f' € (.‘f. == [,rrk:w 1 r.rf':sk;f-' + [),\:Tl';\"rk;\;r] F. [u-'f';\«’,"" + p;\’Tw;’\-’T:,-\I.';\-'?'J
- kit + kivr + pYTRNA] + (1 — O)[kf + kF + p) kT
— yRb 1 + by, (10)

and the normalized time constraint
L+ NT+ N =1, (11)

where p)" is the relative price of nontradables, k!, k¥, and kM" are the stocks of
physical capital owned by households in the home country in the domestic-tradables
sector, the foreign-tradables sector and the domestic-nontradables sector respect-
ively. Capital in both sectors is assumed to depreciate at the same rate, J.
Households accumulate net foreign assets, b, that yield the world interest rate.
R is the inverse of the real gross rate of return paid on international bonds. Thus we
assume a financial market structure in which countries trade equity and noncontin-
gent bonds and therefore insurance markets are incomplete. The household’s problem
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therefore incorporates the period-by-period constraint (10) instead of the present
value of wealth typical of complete-markets models.”

For the transformation procedure to produce stationary-equilibrium allocations
that correspond to nonstationary, balanced-growth equilibrium allocations, two
additional adjustments are required. First, the discount factor must be transformed
so that f = f-9'77, B = 1/1 + p, where p is the rate of time preference and o is
the coefficient of relative risk aversion.” Second, it is required that y be introduced
as a multiplicative factor in the accumulation of capital and bonds in the budget
constraint.

Competitive Equilibrium

In a competitive equilibrium for this world economy, home and foreign households
maximize utility, home and foreign firms maximize profits, and the goods, services,
and financial-asset markets clear. In particular, the domestic market for nontradables
in each country as well as the world market for bonds and tradable goods clear. The
competitive equilibrium is characterized by allocations of consumption, labor supply,
capital, and international bonds that satisfy the following optimality conditions in the
home country:

Uy(0)/Uy(1t) = pi™, (12)
Us(t)/Uy(2) = wy, (13)
Us(0)/Uy(t) = w7, (14)
yRU(t) = BE[U,(t + 1)], (15)
yUL(f) = PE[U(t + D[rF + 1 = 8]), (16)
yU\() = BE[UL(t + D[rTH + 1 = 4], (17)
U = BE[pNIU(e + D[IPNG + 1 = 9], (18)
rl = fitk{, NI), (19)
wi = fa(ki, NT), (20)
re’ = fulkl, NI, (21)
wiT = fo(k[, NT). (22)
The market-clearing conditions are

ST, NYT) = e + 9k NE — (1 = 0)kT, (23)
ST, NYT*) = ¢ + y* i — (1 — )k, (24)
fikl, NT) + f(kf™, NI*) = ] + cI* + ykliy — (1 = kT

Foyrklg — (1 — Ok, (25)
b, + b} =0, (26)

where U;, i = 1, 2, 3 is the partial derivative with respect to the first (¢7), second
(c™"), or third (L) arguments of the utility function. The corresponding conditions
in the foreign country and the budget constraints are also part of the set of optimality

conditions describing world equilibrium.

© Basil Blackwell Ltd 1994




250  Patrick K. Asea and Enrique G. Mendoza

Of considerable importance in our analysis of the Balassa-Samuelson model are
equations (12)—(14) and (18)—(22) that determine the equilibrium relative price of
nontradables. Equation (12) states that from the demand side, the equilibrium
relative price of nontradables at time ¢ is equal to the marginal rate of substitution
between tradable and nontradable goods. By dividing (14) by (13), substituting the
result in (12), and displacing the rental prices of labor with the marginal products as
stated in (20) and (22), one can show that from the supply side the equilibrium
relative price of nontradables at time ¢ is the ratio of the marginal products of labor
in the tradable and nontradable sectors.

This static characterization of the relative price of nontradables in terms of the
ratio of the marginal products of labor is the principle emphasized by Balassa and
Samuelson. However, in world general equilibrium both demand- and supply-side
conditions must be satisfied by the market-clearing relative price of nontradables.
Moreover, these two conditions are not independent of the rest of the equilibrium
system. In deterministic form (18) is an Euler condition linking the intertemporal
marginal rate of substitution in consumption of tradables to the change in the
relative price of nontradables over time. This Euler condition introduces inter-
temporal income and substitution effects in the determination of the relative price of
nontradables at date ¢. This means that optimal intertemporal plans concerning
consumption and investment affect atemporal decisions regarding allocations of
consumption across tradables and nontradables and of capital and labor across
sectors, hence affecting the relative price of nontradables.

The Long-Run Price of Nontradables

In general, the original Balassa-Samuelson principle is only a characterization of
supply-side determinants of the relative price of nontradables. In this section we
show that the Balassa-Samuelson principle can be interpreted as an equilibrium
outcome along the long-run balanced-growth path.

To establish the Balassa-Samuelson principle as a long-run equilibrium outcome
we proceed by assuming the random shocks to the production technologies are
stationary and that certainty equivalence holds. This enables us to examine the long-
run balanced-growth world equilibrium by focusing on the model’s deterministic
stationary state. In this steady state, the equilibrium relative price of nontradables
reduces to expressions closely related to the Balassa-Samuelson framework.

Consider the supply-side equilibrium condition that equates the relative price of
nontradables to the ratio of the marginal products of labor in the tradable and
nontradable sectors within a country:

fkNT, NNTY

Exploiting the fact that Cobb-Douglas production functions have the property that
output per man-hour is a monotonic transformation of the capital-output ratio,
(y/N) = (kly)'~** enables us to write the relative price of nontradables as:

':;‘I( Ty (1—aT)aT

,7)

aT
= () (k'«v%)‘"—f-,.«-ne-n:x'-'% , (27)

Vv NT !
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Thus, (27) is the supply-side condition stating that the relative price of nontradables
is a function of sectoral labor shares and sectoral capital-output ratios. Note that
from (27) the relative price of nontradables is higher the higher is output per man-
hour in the tradable-goods sector relative to the nontradable-goods sector. Therefore
the theory, as developed here, cannot predict how aggregate ouiput per capita relates
fo domestic relative prices.'” Even if it is assumed that technology is such that
average and marginal products are proportional to each other, as in the Cobb-
Douglas case, and that population is a good proxy for labor services or hours
worked, it is the ratio of sectoral output per capita levels that determines the relative
price of nontradables and not the aggreagate level of output.

From (16) and (18) it follows that in a deterministic stationary equilibrium with
perfect sectoral capital mobility, the marginal products of capital in the tradable and
nontradable sectors are equalized: f(k7, NT) = fi(kNT, NNT); with Cobb-Douglas
production functions this relationship reduces to

k; 1 — aNT\ k¥

y»I' o\ 1—aT /yl"

Equation (27) can therefore be rewritten to express the relative price of nontradables
& a function of the labor shares in both sectors and the capital-output ratio in the
fradables sector:

\aNT/ \

VT _ [ aT \ ( 1_ u-‘]\:"f'\ (aNT J)e.f.\"f'(kl:f'-\l [(1—aTYaT]-[(1-aNT)aNT) .
| —a T 1_’ . (28)
Up to this point, we have derived expressions for the relative price of nontrad-
dbles that depend on capital-output ratios and represent either the supply-side
tndition (27) or that condition jointly with the steady-state equality of sectoral
marginal products of capital (28). To argue that these conditions explain equilibrium
llocations along the balanced-growth path, we need to establish that capital-output
fatios are exogenously determined by structural parameters. We do this by imposing
fleady-state conditions on all of the equations (12)—(22). After manipulation of (16),
i long-run balanced-growth equilibrium the capital-output ratio in the tradables
sector is

ki P — aT)

Iy - pa -9y (29)

[his equation incorporates the steady-state equality of the intertemporal marginal
fae of substitution in consumption and the real rate of return on capital (net of
depreciation) required to produce balanced growth at the rate, y in the components
of aggregate demand.

What emerges from the analysis, at this point, is that in long-run growth equilibrium
the capital-output ratio in the tradables sector is determined by exogenous structural
parameters, f8, y, o, aT, 6. Therefore, at low frequencies (27) and (28) can be
mierpreted as expressions that determine the equilibrium relative price of non-
iradables and not simply the supply side of the economy. Working with (29) and the
iteady-state definition of the investment rate, i’/y” = [y — (1 — 6)](kT/y7), yields an
dlernative representation of the equilibrium relative price of nontradables.
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R ( aT ) ("l — aNT ')“-*N'f' /aNT
F \aNT/\ 1 — aT

T ] [(1—aT)aT]~[(1-aNT)/aNT]
h—-[:- -(1- r>JJ“J : (30)

which can be expressed as a function of deep structural parameters:

NT / iz;]' AR Al : alNT)
p (-.u,-’\"}") ( 1l — aT )

" { _,{fil — « [’) :||(J- r:TJ.-':.r'g"|' |[1 r:.'\"’!‘}-"u:\'?‘]

1 — 781 - o) :

Finally, note that the expressions we have derived for the equilibrium relative
price of nontradables in (27), (28), and (30) are consistent with those from earlier
studies of the Balassa-Samuelson model that emphasize sectoral differentials in
factor-productivity growth.!" This is evident from the fact that in this model, given
capital-output or investment-output ratios, the relative price of nontradables
determined by the relative size of a™” and a’. These two parameters in turn
determine the differential in sectoral total factor-productivity growth given in (5).

(aNT—1)/aNT

(31)

The Long-Run Real Exchange Rate

In this subsection we link real exchange rates to the equilibrium relative prices of
nontradables. We establish the connection between the model’s equilibrium relative
price of nontradables and the real exchange rate by following the convention of the
intertemporal-equilibrium literature.'> The convention is to proceed by noting that
the households problem has a dual representation with an expcmiiturc functinn
P.C, where C, is a composite consumption good represented by C, = [Q(c/)™*
(1 = Q)(c¥") )", and P, is the price index of the composite consumption gmd
represented as

P ,U.r.!.- p;\-"r.] _ {Qm:ﬂerrT"*""'; F (1 Q)]:‘[l +_u]p;x-"1',-;.-t1 + u]][l Fu)ip
Define the real exchange rate as s, = P}/P,.'? Then, if the law of one price holds for
tradable goods, the real exchange rate is expressed as

[Q:<!-'{1-H<‘J ' (1 Q#]I.-'{J |.u=-‘)p}-\-".f':-.v
= [gll (1+u) i (1 i gl)l (1 "”)f};,\“!‘lll "}il + ) e

"""]U +p* )

From this expression it is evident that the real exchange rate is a function of the
relative price of nontradables in the two countries. In long-run, balanced-growth
equilibrium the real exchange rate is therefore a function of the same structural
parameters of preferences and technology that determine the ratio of the marginal
products of labor (in tradable and nontradable sectors) which, as we showed earlier,
determine the relative price of nontradables.

Assuming Cobb-Douglas preferences, i.e., (1/1 + u = 1), enables us to con-
veniently express the real exchange rate for empirical implementation as
Q"1 - Q1) p;\"rx“ & (32)
= Qe1 _ 1-Q N7 |- 32
Q1 - Q) p
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3. Data Analysis and Filtering

Estimating (27), (28), and (30) requires data on the relative price of nontradables,
the investment-output ratio in the tradable sector, and the capital-output ratios in
the tradable and nontradable sectors. These variables do not exist in ready form,
so the first task was to construct these variables from existing sources.

As our focus is on the cross-country properties of the data, we constructed a panel
dataset. The dataset provides a rich source of cross-country information; it consists
of annual data spanning 197085 for 14 countries'* and 20 sectors'” and was obtained
from the OECD intersectoral database. The database includes information on sec-
toral real and nominal valued-added capital stock, investment, employment, and
factor returns for each of the 20 sectors. From this database we constructed series
for the relative price of nontradables, the investment-output ratio in the tradable
sector and the capital-output ratio in the nontradable sector for each country in our
sample.

In order to construct the required data, the first issue was to decide which sectors
are to be considered tradable and nontradable. We chose De Gregorio, Giovannini,
and Wolf’s (1994) classification scheme. This scheme i1s based on the ratio of the
actual shares of total exports to total production across all 14 countries for each
sector. This results in a sector being classified as tradable if more than 10% of total
production is exported.'® The 10% threshold classifies agriculture, mining, all of
manufacturing, and transportation as tradables with the remaining sectors classified
as nontradables. Annual data on real exchange rates based on trade-weighted con-
sumer price indices (CPI) were obtained from the IMF International Financial
Statistics, while GDP deflator-based real exchange rates were taken from Micosi and
Milesi-Ferretti (1993).

We decided to extract the long-run growth component of the data before estimation
for the following two reasons. First, we have shown that the Balassa-Samuelson
predictions are long-run equilibrium implications. To be consistent with the theory,
any tests of the predictions of our model must be based on the long-run components
of the data. In principle, the constant rate of Harrod-neutral technological progress
in our treatment of the Balassa-Samuelson model should enable us to distinguish
between the long-run and short-run components of the data.'’

Second, it is well known that employment adjusts gradually to changes in output,
and as a result, labor productivity rises in an economic upturn and declines in a
downturn. By extracting the growth component from the data, we isolate the factors
that are more closely related to long-run labor productivity and abstract from short-
mn cyclical changes that may bias the results.

Several statistical procedures have been used to filter data in macroeconomic
analysis. The most common ones are the linear-trend filter, the Hodrick-Prescott
(HP) filter, the Beveridge-Nelson filter, and random-walk detrending (Canova
and Dellas, 1993). Unfortunately, a consensus on the appropriate use of filters in
macroeconomic analysis does not exist. However, Baxter (1991) and Singleton
(1988) have argued that the choice of filtering procedure should be governed by the
theoretical model at hand. We find their arguments compelling and choose two
filters: the linear-trend and HP filters that are consistent with our version of the
Balassa-Samuelson model (i.e., deterministically trending variables uncorrelated with
the cyclical components of the data) as candidates for extracting long-run trends
from the data.

The linear-trend filter removes a deterministic linear trend from the data and is
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_Relative Price of Nontradables Investment-Output Ratio in Tradables

Capital-Output Ratio in Tradables

WP Leg WP L

Figure 1. Comparison of HP Filter and Raw (log) Data for Germany

attractive for its simplicity. However, the simplicity of the linear-trend filter presents
a drawback when applied to highly nonstationary processes such as exchange rates
and relative prices. To confirm that the data does exhibit nonstationarity, we carried
out Dickey-Fuller and augmented Dickey-Fuller stationarity tests. As expected, the
tests fail to reject the presence of unit roots in all of the data series. '8

The HP filter has certain attractions relative to the linear-trend filter. Like the
linear-trend filter, the HP filter assumes that the cyclical and growth components of
the data are uncorrelated. However, unlike the linear-trend filter. the HP filter will
render stationary any integrated process up to fourth order (King and Rebelo,
1993). Furthermore, the HP filter permits the data-generating process to have a
deterministic as well as a stochastic growth component.

Figure 1 plots the actual observations and the HP-filtered trends of the relative
price of nontradables, the investment-output and capital-output ratios in tradables,
and the capital-output ratios in nontradables for Germany. Visual examination of
figure 1 suggests that linear trends are not likely to differ significantly from the HP-
filtered trends. We confirmed this by plotting both filters. While the two filtering
procedures are remarkably similar for some variables like the investment-output
ratio, the HP filter captures a slow-moving trend that the linear-trend filter misses.
Given these results, we decided to use the HP filter in the empirical analysis
reported in the remainder of the paper.!'”

A striking feature that is evident from figure 1 is the smoothness of the trend
component that emerges from the HP-filtering procedure. Harvey and Jaeger (1993)
argue that to avoid blind application of the HP filter, the assumption of a smooth
deterministic trend should be empirically verified by estimating a structural time-
series model:*"

vw=u+1I,+¢, t=1...T,

(© Basil Blackwell Ltd 1994

BALASSA

where vy, is the series, g, is the ti
The trend is
W = -1 T ﬁ.'- 1+ 1
ﬂ.r e ﬁ.f i+ H.f & W*'F([]
where f3, is the slope parameter ani
white noise.

The cyclical term is stochastic &

I, = pcosi., | + psiil

I'f = —psind I, +p8
where p is a damping factor such’
The terms x, and x; are both ng
mean zero and variance o-. The
distributed, with mean zero and
to be independent of each other.

If 62 = 0, the trend reduces to
the trend becomes deterministic, |
trend component is relatively sm
deterministic and well represente
whether o7 = 0.

We carried out maximum-likeli
model for each of the 14 countr
relative price of nontradables, t
capital-output ratio in nontradabi
was supported by the data. Thi
assumption is supported by the d
since 5, = 0.?' The remaining }
ranging from 1-4, but with valu
even for these four countries the
Finally, plots of the trend compol
four countries suggest that trends
those from the HP filter. These
provides evidence of determinis
Japan.”

4. Empirical Results

The empirical analysis is structure
labor productivities explain long
question will enable us to evaluaf
determination of domestic relati
long-run relative nontradable pri
rate differentials? Addressing il
extent to which the Balassa-Samu
exchange rates.

Evidence on the Long-Run Relatiy

Having derived closed-form solut
our empirical strategy is to confro



ants
ates
ried

the

the
ts of
will
selo,
ve a

ative
bles,
»n of
+ HP-
ering
utput
(isses.
alysis

trend
1993)
mooth
time-

BALASSA-SAMUELSON IN GENERAL EQUILIBRIUM 255
where y, is the series, g, is the trend, I, is the cycle, and ¢, is a random-error term.
The trend is

=t 1+ p-1+n n-~ N(O, (7'}

B, =Py + &, &~ N, 63),
where f, is the slope parameter and ¢, and #, are independent and normally distributed
white noise.

The cyclical term is stochastic and assumed to be generated by

[, =pcosi L, + psini 5, + x,

¥ = —psinAt, | + pecosi iy + x7,
where p is a damping factor such that 0 < p < 1 and /. is the frequency of the cycle.
The terms x, and x;/ are both normal and identically distributed disturbances with
mean zero and variance o¢-. The random-error term is also normal and identically
distributed, with mean zero and variance o2, and all three components are assumed
to be independent of each other.

If 62 = 0, the trend reduces to a random walk with drift. Furthermore if 61 = 0,
the trend becomes deterministic, that is u, = u, + ft. When a7 = 0, but 62 > 0, the
trend component is relatively smooth. Therefore, whether the trend component is
deterministic and well represented by a smooth process can be verified by testing
whether o2 = 0.

We carried out maximume-likelihood estimation of the parameters of the structural
model for each of the 14 countries for four variables (the real exchange rate, the
relative price of nontradables, the investment-output ratio in tradables, and the
gapital-output ratio in nontradables) to determine whether the restriction, o, = 0,
was supported by the data. The results indicate the deterministic smooth-trend
assumption is supported by the data for 10 of the 14 countries for all four variables,
since 5, = 0.”' The remaining four countries had values of &, that were small,
fnging from 1-4, but with values of 5, = 0.?* The fact that &, = 0 suggests that
gven for these four countries the series decomposes into a smooth trend and cycle.
finally, plots of the trend component from estimates of the structural model for the
four countries suggest that trends from the structural model have features similar to
those from the HP filter. These results are consistent with Obstfeld (1993), who

provides evidence of deterministic trends in real exchange rates for the US and
lapan.~

4, Empirical Results

dhe empirical analysis is structured around two questions. First, do long-run relative
fibor productivities explain long-run relative nontradable prices? Addressing this
question will enable us to evaluate the Balassa-Samuelson model as a theory of the
leiermination of domestic relative prices. Second, do cross-country differences in
long-run relative nontradable prices explain cross-country, long-run, real exchange-
e differentials? Addressing the second question enables us to determine the

gient to which the Balassa-Samuelson framework can be considered a theory of real
Bichange rates.

Biidence on the Long-Run Relative Price of Nontradables
8 )

Having derived closed-form solutions for the long-run relative price of nontradables,
flirempirical strategy is to confront the theory with the data in the most parsimonious
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manner possible. In reassessing the Balassa-Samuelson model we therefore purposes
fully refrain from adding additional right-hand-side variables not derived from the
model to the regressions. The tests we carry out are joint tests of the theory and the
assumption of Cobb-Douglas technology implicit in the functional forms adopted.

The log-linear form of the nontradable-price equations for country j derived i
(27), (28), and (30) can be conveniently summarized for estimation as:

!r'r_l,-}""r' = ay; + u|k__1",:’;' + r:_-kl_\'_}}'“‘r F e, (1)
AT = vy + nikyit + e, (1)
pi’ = no + miyy " + e, (1)
forj=1,2,..., Mcountriesand r = 1,2, ..., T time periods, where p™” is the log

of the relative price of nontradables, ky” is the log of the capital-output ratio in
tradables, ky™" is the log of the capital-output ratio in nontradables, iy is the log
of the investment-output ratio in tradables, and e;, are random disturbances. For
easy reference these three specifications will henceforth be referred to as specification
(I), (II), and (III) respectively.

The theory requires the coefficient on the capital-output ratio (a,) in nontradables
to be negative and the coefficient on the capital-output ratio («;) in the tradables
sector to be positive in (I). With respect to (1I) and (III), the theory does not impose
constraints on the coefficient on the capital-output ratio in tradables (y,) or on the
coefficient on the investment-output ratio in tradables (1,). However, if a” > o'}
as data on labor income shares suggests,” then both y; and 5, should be negative.
Moreover, the model also implies that the cross-equation restrictions y, = #; = a; +
- should hold.

Table 1 provides least-squares estimates of a pooled (total) regression of equations
(1), (II), and (III). Equation (I) performs particularly well in several respects. First,
the coefficients are statistically significant and of the correct sign. Second, a” > o

Table 1. Pooled Regression Estimates

Estimated Coefficients (t-statistic)

Variable Equation (1) Equation (II)  Equation (III)
ky! 0.240** 0.075 -
) (4.7) (1.3) ~
k“..\J 0.278* a _
_ (=79} =
iy -- : 0.009
= (0.8)
[ntercept (0.149** —0.048 0.059*
(2.6) (=0.8) (1.7)
Adjusted R* 0.225 0.003 —0.002
F-statistic 34.763 1.750 0.599

Log-likelihood 75.467 46.961 46.384

Notes: ky' is the capital-output ratio in tradables; ky™7 is the capital-
output ratio in nontradables; iy™" is the investment-output ratio in
tradables. * Statistically significant at the 10% level. ** Statistically sig-
nificant at the 5% level. ot

(©) Basil Blackwell Lid 1994

BALASS

18 implicit in the results, althou
higher than direct measures sug;
of the variations in the relative
In contrast the results from
coefficient estimates of y; and
explanatory power of the regre
hypothesis that y; and #; are n
respectively. Thus although the
the cross-equation restrictions )
A possible reason for the f
performing least-squares regres
the intercept and slope coeffici
If this assumption is not valid,
inferences. To investigate whe
countries we carry out several |
Our strategy is to determine
homogeneous among different
regression slopes are collectivel
restrictions under the assumpt
distributed over j and ¢ with me
Table 2 presents the result:
coefficients and homogeneity of
(same slopes, same intercepts)
of complete homogeneity. Hyp
rejected, suggesting that the slo
interpret the failure of these te:
the determinants of intercept ai
countries or groups of count
improves if we group countri
intercept estimates.

Table 2. Covariance Tests for Hon

Residual sum of squares under
Hypothesis 1
Hypothesis 2

Degrees of freedom under
Hypothesis 1 [N(T — K — 1)]
Hypothesis 2 [N(T — 1) — K]

F-statistics under:
Hypothesis 1
(95% c.v.)
Hypothesis 2
(95% c.v.)

Notes: Hypothesis 1: homogeneous sl
heterogenecous intercept. * Null hypoth



ose-
1 the
1 the
d.

d in

(I
(I1)
(111)

e log
10 in
e log
. For
ation

ables
ables
|pose
n the
a7,
itive.,
oy +

tions
First,

Eo e

BALASSA-SAMUELSON IN GENERAL EQUILIBRIUM 257

Bimplicit in the results, although the implied shares a” = 0.81 and a™" = 0.78 are
figher than direct measures suggest. Finally, equation (I) explains nearly one-quarter
of the variations in the relative price of nontradables.

In contrast the results from estimating (II) and (III) are less favorable. The
wefficient estimates of y; and x; are not statistically different from zero and the
Biplanatory power of the regressions is very low. However, the t-ratios for the null

Bypothesis that y, and #; are not different from «; + a; = —0.038 are 3.2 and 4.1,
fespectively. Thus although the data do not provide precise estimates of y, and #,,
i cross-equation restrictions y; = n; = a; + a, cannot be rejected.

A possible reason for the failure of the pooled regressions (II, I1I) is that in
performing least-squares regressions with all MT observations we have assumed that
fhe intercept and slope coefficients take values common to all cross-sectional units.
I this assumption is not valid, the pooled least-squares estimates may lead to false
inferences. To investigate whether the regression coefficients are the same for all
gountries we carry out several homogeneity tests.

Our strategy is to determine whether the slopes and intercepts are simultaneously
fomogeneous among different countries at different times. Then we test if the
fegression slopes are collectively the same. We construct F tests of the above linear
wstrictions under the assumption that the errors e, are independently normally
distributed over j and ¢ with mean zero and variance g2.

Table 2 presents the results of tests for the homogeneity of regression-slope
goefficients and homogeneity of the regression-intercept coefficients. In hypothesis 1
fSame slopes, same intercepts) the F ratio is significant, so we reject the hypothesis
of complete homogeneity. Hypothesis 2 (same slopes but different intercepts) is also
fejected, suggesting that the slope coefficients are also different across countries. We
nterpret the failure of these tests as suggesting that sectoral labor shares, which are
fhe determinants of intercept and slope estimates in (I), (I1I), and (III), differ across
gountries or groups of countries. Later. we show how estimation performance
improves if we group countries according to relative labor shares implicit in the
intercept estimates.

[uble 2. Covariance Tests for Homogeneity

Equation () Equation (1I) Equation (111)

Residual sum of squares under

Hypothesis 1 13212 8.514 8.559

Hypothesis 2 0.926 0.705 0.444
Degrees of freedom under

Hypothesis 1 [N(T — K — 1)] 221 222 222

Hypothesis 2 [N(T — 1) — K] 208 209 209
F-statistics under:

Hypothesis 1 112.24* 749 .58* 508.31

(95% c.v.) (1.5) (1.7) (1.7)

Hypothesis 2 5.28% 110.40* 38.49*

(95% c.v.) (1.4) (1.5) (1.5)
Notes: Hypothesis 1: homogeneous slope, homogeneous intercept. Hypothesis 2: homogeneous slope,

heterogeneous intercept. * Null hypothesis can be rejected at the 5% significance level.
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Table 3. Decomposition of Pooled Estimates

-

ﬁp-:c-é i "\'ll'?ihc‘.m::r. il ’\'};}mlinu

ﬁpunl .ﬁhcl\\'c:n (."\.:] ,ﬁ\\llhin (] K)
A. Partition of sample = 14 countries.
a, 0.176 0.596
0.240 (0.898) (0.102)
a5 —0.290 —0.180
0.278 (0.998) (0.002)
71 0.025 0.610
0.075 (0.915) (0.085)
M 0.013 —().518
0.009 (0.992) (0.008)
B. Partition of sample = 14 countries and 2 periods.
) 0.223 0.035
0.240 (0.974) (0.026)
; 0.279 0.740
—0.278 (0.997) (0.003)
) 0.070 0.601
0.075 (0.989) (0.011)
m (0.0009 —0.466

0.009 (0.999) (0.001)

Notes: Figures in parentheses are the weights attached to.the between
and within estimates in producing the coefficient estimates of the
pooled regression. Pool represents the pooled OLS estimates. The
partition is 197078 and 1979-85 respectively.

Next, we decompose the pooled regression estimates into “within” and ‘‘between”
components for two partitions of the sample. Panel A in table 3 is for the full
sample, while panel B is based on subsamples for 1970-77 and 1978-85. The
between component represents the output of an OLS regression based on the means
of each country’s time series, while the within component is the outcome of a fixed-
effects model. By proceeding in this manner we can determine the contribution of
each of the two components to the outcome of the total regression.

The results of the decomposition are reported in table 3. The weights (k) on the
between estimates indicates that almost 90% of the variation in the pooled estimates
is due to heterogeneity across countries. Thus the favorable results obtained with the
pooled regressions reported in table 1, particularly for equation (1), can be viewed
as reflecting mainly cross-country differences in trend behavior, rather than within-
country time-series patterns. This result is robust to the specification of two sub-
samples. Moreover, coefficient estimates are generally stable for the sample break-
down examined.

To explain the difference in performance between (I), (II), and (III), recall that
in deriving (II) and (III) we imposed the equilibrium condition that equates the
marginal products of capital in the tradable and nontradable sectors. We simplified
this equality with the conditions required for balanced growth in the model. Parti-
cularly the condition that the domestic relative price of nontradables is constant
in the long run (at levels that differ across countries depending on total factor-
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Table 4. SUR Estimates and Cross-Equation Test

Estimated Coefficients
(t-statistic)

Variable Equation (I) Equation (1)
ky! 0.030 () 0.031 (y,)
(0.9) (0.9)
ky™N? 0.001 (as) -
(0.3) =
Intercept 0.001 —0.0001
(—0.025) (—0.002)
Wald test statistic 0.045
[0.832]

Notes: Figures in brackets are the significance levels at which the

restriction 7, = a, + a, 1s rejected.

productivity growth). Therefore, our results may reflect the fact that these require-
ments are too demanding for this fragile dataset. To explore this hypothesis further
we examine a cross-equation restriction implied by the theory, y;, = (a; + a»),
by estimating (I) and (II) using Zellner’s seemingly unrelated regression (SUR)
technique. The Wald statistic reported in table 4 states that we cannot reject the
restriction. Failure to reject the restriction should be interpreted with caution as the
r-ratios are small, implying that the standard errors are large, and therefore that the
test has low power. A possible interpretation of these results is that there is some
degree of sectoral capital mobility but that it is less than perfect. Measurement
errors in the capital stock may be another reason for the poor performance of (II).

We next attempt to determine whether there are any cross-country patterns
related to productivity that can be exploited for estimation. To do this we use
parameter restrictions related to the differential of total factor-productivity growth
from the Balassa-Samuelson model given in (5). In particular, recall that in steady-
state, balanced-growth equilibrium, productivity growth in the tradables sector will
be faster than that in the nontradables sector if a7 > aNT. However, note that the
intercept of (I) is a”/a™”. This is a measure of the magnitude of the differential in
productivity growth. Following this observation, we use the parameter estimates
from (I) to group countries by the degree to which they behave consistently with the
Balassa-Samuelson hypothesis.

The individual country estimates reveal a group of countries for which the intercept
is greater than 1, another group with intercepts less than 1 and an intermediate
group with intercepts close to 1. We therefore classified the countries as low-Balassa,
medium-Balassa or high-Balassa with four countries in the low-Balassa group:
USA, Denmark, Germany, and Finland; six countries in the medium-Balassa group:
England, Australia, Sweden, Belgium, Norway, and France; and four countries in
the high-Balassa group: Japan, Canada, Italy, and the Netherlands.”

After grouping the countries by this criterion we estimate a fixed-effects model for
equation (III). The results, reported in table 5, are striking. The explanatory power
of the regression improves remarkably from the low-Balassa to the high-Balassa
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Table 5. Fixed-Effects Estimates by Groups Based on Balassa
Restrictions

Estimated Coefficients (t ratio)

Variable low-Balassa  medium-Balassa  high-Balassa
ik —0.778* 0.019* —0.675%*
(=1.9) (—2.3) (—=19.6)
[ntercept -(.034 —0.093** —1.022**
f=1.3) (=3.3) (—16.2)
Adjusted R? 0.012 0.042 0.863
F-statistic 1.80 5.19 384.6
Log-likelihood 98.5 101.8 47.6

Notes: low-Balassa group: USA, Denmark, Germany, and Finland;
medium-Balassa group: England, Australia, Sweden, Belgium, and
Norway; high-Balassa group: Japan, Canada, Italy, and the Nether-
lands. level. * Statistically sig-

Statistically significant at the 1%

nificant at the 5% level.

countries. The coefficients on the investment-output ratio for all countries are of the
correct sign and statistically significant.”® Furthermore, 1hua, results are dominated
by between-means effects.

Having established that (I) and (III) are reasonable empirical representations of
the Balassa-Samuelson model, we address some robustness issues. So far the entire
analysis has been carried out with pooled, between-means and fixed-effects models.
The fixed-effects model is the appropriate statistical model when the cross section of
countries represents the entire universe of interest. However, recall that we use data
for 14 of the 24 OECD countries. This may raise some doubt as to the appropriate-
ness of the fixed-effects model in the present circumstances. If one views the
country-specific effects as randomly distributed across cross-sectional units, then the
appropriate methodology is a random-effects model.

We estimate a random-effects model by ;1(10ptil12 the following component structure
for the disturbances: e, = & + v;,, where ¢, are the country-specific effects, and v
are idiosyncratic shocks. If the right-hand-side variable is uncorrelated with both ¢;
and v;, and v, is uncorrelated across time, then the standard variance components
generalized least-squares (GLS) estimates are appropriate.

The results of the random-effects model estimated using GLS are reported in table
6. While (III) performs well with coefficients that are statistically significant and of
the correct sign, (I) and (II) yield wrong-sign coefficients. To alleviate concerns
about whether the fixed- or the random-effects model is appropriate we apply the
Hausman specification test (Hausman, 1978). The test resoundingly rejects the
random-effects specification, suggesting that the fixed-effects estimates are robust.

In section 3 we established the appropriateness of the smooth deterministic-trend
assumption imposed by the HP filter. To verify that our empirical results are robust
to the HP-filtering procedure we carry out the entire estimation using the linear-
trend filter. The result of estimating the fixed-effects model for (lll) presented in

table 7, shows there is little difference between the two procedures.”’

In short, our results suggest that the Balassa-Samuelson proposition that relative
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Table 6. Random-Effects

Variable Equatio :
kyT 0.141
(2.
ky™? 0.573*
(8.5)
fo_,_-’\.l’ k.
Intercept ~0.906¢
(=10.
Hausman-statistic 53.97
Notes: ™" Statistically significan|

nificant at the 5% level.

Table 7. Comparison of Li

_-
]
Variable Hi
J,-}_,.-\ T -0
(-

Group Dummies
USA 0.
GER 0.
DEN =
FIN 1
CAN ~0.6¢
ITY 0.8
NLD —0.5¢
JPN —0.8]
GBR —Lﬁ
AUS -2
SWE - 1.8
BEL -2.4
NOR -1.9%
FRA -0.91
Adjusted R? (
F-statistic 5
Log-likelihood 4

Notes: Linear-trend filter valug
gression on a constant and a |
significant at the 1% level.
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Table 6. Random-Effects Estimates

Estimared Coefficients (t ratio)

Variable Equation (I) Equation (II) Equation (111)
kyT 0.141* 0.579**
(2.5) (10.7)
kyNT 0.:
(8.5) - -
kyMT = = ~0.369**
- - (—14.8)
Intercept —0.906™* —0.604** —0.976**
(—10.5) (—7.6) (—11.4)
Hausman-statistic 53.97 5.86 92.52
Notes: ** Statistically significant at the 1% level. * Statistically sig-

nificant at the 5% level

Table 7. Comparison of Linear-Trend and HP Filters

Estimated Coefficients (t ratio)

Variable HP Filter Linear-Trend Filter
iyNT —0.518** -(0.547**
(=17.7) (=20.0)
Group Dummies
USA 0.88 (—-17.2 —0.94 (-19.5)
GER —=0.99 (—-18.3) —1.04 (=20.8)
DEN —-2.25 (—-17.7) 2.38 (—20.1)
FIN —1.88 (—17.4) =2.00 (=20.0)
CAN —0.66 (—15.7) —-0.70 (—17.9)
ITY 0.85 (—15.7) —0.91 (—18.6)
NLD ~0.59 (—8.2) 0.67 (—10.0)
JPN —0.87 (—19.3) 0.93 (—22.6)
GBR —-1.15 (-17.9) —1.21 (-20.5)
AUS —-2.25 (—17.3) —-2.40 (—-19.7)
SWE —1.84 (—18.2) —1.94 (=20.9)
BEL —2.25 (—18.3) —2.37 (—20.1)
NOR 1.96 (—17.6) -2.06 (=20.0)
FRA 0.91 (—18.5) 0.96 (—21.4)
Adjusted R? 0.945 0.955
F-statistic 599.7 612.3
Log-likelihood 46.38 51.46

Notes: Linear-trend filter values are the predicted values from a re-
gression on a constant and a linear function of time. ** Statistically
significant at the 1% level.
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marginal products of labor explain domestic relative prices is well supported by the
data in the total, between-means and fixed-effects models of equations (I) and (I}
Furthermore, our results are not sensitive to the HP filter.

Evidence on the Long-Run Real Exchange Rate

The evidence provided above supports the appropriateness of the Balassa-Samuelson
model as a theory explaining long-run, cross-country differences in domestic relative
prices. The next issue we address is the extent to which these differences can explain
differences in long-run real exchange rates. We focus on a log-linear version of (32);
Assuming Q* = 1 yields the following testable equation:*®

5 = Y P L. NT L oo
St ;),;;.J, t r‘;lp_,-, T iy

(IV)

forj =1,2,..., M countries, and t = 1, 2,..., T time periods, where p"" is the

log of the relative price of nontradables, s is the log of the real exchange rate, and g
are random disturbances.

Due to data limitations we use two separate real exchange-rate series: a CPI-based
exchange-rate series for all 14 countries but for only part of our sample period
(1975-83). and a GDP deflator-based exchange-rate series for the full sample period
but for only 8 of the 14 countries. As in the previous analysis we extracted the long
run growth component from the data by using the HP filter.

Table 8 presents least-squares estimates of a simple pooled linear regression of the
CPI-based real exchange rates on both actual measures of relative prices, i.e., (IVa);
and the predicted relative prices estimated from (III), i.e., (FVb), for all 14 countries
for the period 1975-85. As expected from (IVa), higher prices for the relative price
of nontradables are positively associated with the real exchange rate. The coefficient
estimate on the relative price of nontradables is positive though insignificant. In
(IVb) the coefficient is statistically significant at the 10% level in a one-tailed test.
However, note that the explanatory power of both the actual and the predicted
nontradables-price specifications are extremely low. We also estimated between:
means and fixed-effects regressions to examine the cross-country properties of thi§
specification. The results do not improve, although the explanatory power of the
fixed-effects model is very high. This is because within-country intercepts are very

Table 8. Pooled Estimates of CPI-Based Exchange Rates

Estimated Coefficients

Variable Equation (IVa) Equation (IVb)

dy

R?

Notes: (IVa)
(IVh): s : Pe

pN": P-filtered log relative price of nontradables; p’

value of p™7 from (III); s"7: P-filtered log real exchange rate. ( ratios

= o + 00T + ¢
VT Predicted

are in parentheses.
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good at tracking HP trends. Results from repeating the pooled regressions with
GDP deflator-based real exchange rates also yield insignificant coefficients. Estimates
for the within and between regressions show that, unlike nontradable relative prices
(see table 3), in which much of the variation in the pooled OLS estimates is due to
heterogeneity across country units, much of the variability in GDP deflator-based
real exchange rates is due to within-country factors. We conclude that the panel data
was helpful in explaining the relative price of nontradables, but is less helpful in
explaining long-run real exchange differentials.”

Finally, aware of the limitations of our dataset and the fact that our decomposition
of tradables and nontradables is at best a rough approximation, we attempt to
determine to what extent the inability of our relative price measure to explain real
exchange-rate behavior can be attributed to measurement errors. One, albeit limited,
way to address this question is to use better-quality data on tradables and non-
tradables from Kravis, Heston, and Summers (1982) (hereafter KHS). So taking
from KHS (i) the data on the prices of tradable and nontradable goods from table
6.12 and (ii) their measure of the GDP-based real exchange rates (the exchange-rate
e 1-2 for 1975 for 34 countries, we estimate a least-squares

deviation index) from tab
regression of the log real exchange rate on the log of the ratio of nontradable and
tradable prices. The estimates from this carefully constructed dataset (t-statistic of
6.48 and an R’ of 0.65) suggest that there is a long-run equilibrium relationship
between real exchange rates and the relative price of nontradables.

In conclusion, the results of the empirical tests of the second Balassa-Samuelson
proposition suggest that, while international differences in the long-run relative price
of nontradables reflect differences in sectoral marginal products of labor as predicted
by the theory, these differences explain only a small fraction of long-run deviations
from PPP based on aggregate-price indexes. One interpretation of this evidence is to
cast doubt on the validity of long-run PPP for tradables. However, significant
measurement error, as suggested by the estimates obtained from the KHS data may
account for our findings. Furthermore, the tests we conducted embody nested

hypotheses regarding a balanced-growth neoclassical framework and constant-
elasticity utility and production functions.

5. Concluding Remarks

In celebration of 30 years of the Balassa-Samuelson model, we have attempted to
provide an appraisal of the static theory of Balassa (1964) and Samuelson (1984) by
embedding it in an explicitly dynamic general-equilibrium setting. Our appraisal of
this celebrated model followed three stages. First, we derived two of the Balassa-
Samuelson propositions as long-run, balanced-growth implications of a two-country
intertemporal-equilibrium model. Second, we identified restrictions imposed on the
cross-sectional, low-frequency behavior of the data implied by our model and thus
derived testable predictions. Third, we constructed a cross-country sectoral database
from existing OECD data and conducted econometric tests of the predictions of our

model using panel data methods.

The empirical analysis suggests that the Balassa-Samuelson proposition, that cross-
country differences in long-run domestic relative prices of nontradables are deter-
mined by differences in the ratio of long-run sectoral marginal products of labor,
cannot be rejected by the data. However, we also found that long-run relative prices
(as measured in the data or as predicted by our regressions) are of little help in
explaining long-run, cross-country differences in the level of real exchange rates
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measured with CPI-based or GDP deflator-based exchange rates. Thus, while the
Balassa-Samuelson general-equilibrium model performs well as a theory of relative
prices, it seems to be unable to account for cross-country trend deviations from PPP.
This statement echoes Paul Samuelson’s quotation that prefaces the paper.

We conclude by pointing out some limitations of our work. On the empirical side,
further work is required to develop a higher quality sectoral database covering a
longer period and for a larger panel of countries. On the theoretical side, while we
have succeeded in extending the static model to a dynamic setting, the simple
deterministic neoclassical growth framework restricts our analysis to balanced-growth
paths. Furthermore, an important assumption in our model is that Harrod-neutral
technological progress expands at a constant rate. This assumption enables us to get
a clear separation between trend growth and cycles and motivates the use of the HP
filter. However, such a clear separation fails if technological progress is stochastic or
in models of endogenous growth. In a recent paper, Asea and Sturzenegger (1994)
develop and test a Balassa-Samuelson type of model based on an endogenous-
growth framework. Work along the lines carried out in this paper of developing
robust general-equilibrium restrictions that can be tested with the data will enhance
our understanding of the enduring empirical regularities observed by Bela Balassa
and Paul Samuelson.

Notes

I. Hereafter, by “relative price” we mean the price of nontradables relative to tradables, with
tradables acting as the numéraire.

2. For want of a unified name in the literature we have chosen to refer to the arguments
supporting the empirical regularities observed by Balassa (1964) and Samuelson (1964) as the
Balassa-Samuelson model. Elsewhere in the literature it has been called either the Balassa
¢ffect, the Balassa-Ricardo effect or the productivity bias hypothesis.

For recent empirical studies along these lines see De Gregorio, Giovannini, and Wolf
(1994) and Micosi and Milesi-Ferretti (1993). See also Hsieh (1982), Kravis, Heston, and
Summers (1983), Kravis and Lipsey (1987), Marston (1987), Yoshikawa (1990), and Bergstrand
(1991) for other empirical tests of the predictions of the Balassa-Samuelson model.

4. In our model, sectoral output, consumption, and investment grow at the same rate. There
is still a differential in total factor-productivity growth, however, to the extent that labor
shares in the tradable and nontradable sectors differ.

5. See Swan (1963) and Phelps (1966) who show that the assumption of labor-augmenting
techological progress is a necessary condition for steady-state growth in neoclassical growth
models.

6. Obstfeld (1993) notes that this is a reasonable approximation for industrial country multi-
lateral real exchange rates.

The discount factor and law of motion for capital are also properly adjusted.

8. See Cole (1988) for a discussion of this issue. Our results still hold in a model like that of
Stockman and Tesar (1990) where markets are complete.

9. An additional condition that is required to guarantee balanced growth is that preferences
be 1soelastic. For details see King, Plosser, and Rebelo (1988).

10. One reason for this is that the theory precludes by assumption the potential supply-side
relationship between aggregate output per capita and the relative price of nontradables, due
to nonhomothetic tastes; see Bergstrand (1991) and De Gregorio, Giovannini, and Wolf
(1994).

11. See De Gregorio, Giovannini, and Wolf (1994) and Kravis, Heston, and Summers (1983).
12. See Frenkel and Razin (1987), Backus and Smith (1993), Greenwood (1984), and Mendoza
(1995).
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13. The convention at the International Monetary Fund is to define the real exchange rate as
P/P}. This should be kept in mind for the empirical analysis.

14. Australia, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, the
Netherlands, Norway, Sweden, the United Kingdom and the United States.

15. (1) Agriculture, (2) mining, (3) food, beverages, and tobacco, (4) textiles, (5) wood and
wood products, (6) paper, printing, and publishing, (7) chemicals, (8) nonmetallic mineral
products, (9) basic metal products, (10) machinery equipment, (11) other manufactured

products, (12) electricity, gas, and water, (13) construction, (14) wholesale and retail trade,

(15) restaurants, hotels, (16) transport, storage, and communications, (17) finance, insurance,
(18) real estate, (19) community, social, and personal services and (20) government services.
16. For details see De Gregorio, Giovannini, and Wolf (1994). Their classification is similar
to that of Stockman and Tesar (1990).

17. There is a long and distinguished tradition of extracting permanent components from data
t goes back to Friedman’s (1957) study of the permanent-income hypothesis.

th
18. These results are not reported here because the tests are standard and similar results have

been widely reported in the literature. The results are available on request from the authors.
19. Plots of the HP filter and actual data for the other countries are similar and not reported
here to conserve space. Plots of the HP filter and linear-trend filter are not reported here; see
Asea and Mendoza (1994).

20. The following discussion draws heavily on Harvey and Jaeger (1993).

21. Belgium, US, Japan, Canada, Italy, the Netherlands, Germany, Australia, Great Britain,

"

and Sweden.
22, Denmark, France, Finland, and Norway.
23. These results are not reported here to conserve space (they would require 14 separate
tables). The results are available on request from the authors.
24. See Kravis, Heston, and Summers (1983) and Stockman and Tesar (1990). The latter
noted that the labor share of tradable goods was greater than that for nontradables for five of
seven countries in their sample.
25. This grouping 1s admittedly arbitrary, being based on casual observations of the productivity
differential. It 1s, however, consistent with the literature that typically uses Japan as an
example of a high-Balassa country (Marston, 1987; Obstfeld, 1993).
26. Correcting for serial correlation did not change the pattern or the significance of the
coefficient estimates.
21. Results of estimating (I) and (II) with the linear-trend filter yield qualitatively similar
results to estimates reported above with the HP filter. These results are available from the
authors on request.
28. The more general case in which Q* < 1 yields
k
S = Ag; + /-I.'”.'} r 4 E A ,“.r};.': T4 e
=1

where the k’s are the home country’s trading partners and the null hypothesis is that 4, > 0,

¥ j. The results of estimating this equation did not differ significantly from the results

from (IV) and are not reported here to conserve space. They are available on request from
the authors.

29. The results are not provided here to conserve space; see Asea and Mendoza (1994).
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