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Abstract

The Balassa-Samuelson (BS) model is evaluated in eight of the eleven
EMU countries. This model suggests that productivity differentials between
traded and non-traded goods sectors generate sectoral inflation differentials (dual
inflation). Furthermore, differentials in the degree of dual inflation induce
inflation differentials between countries. The standard BS model implies a
cointegration relationship between relative prices and sectoral productivities.
While this link generally seems to exist, the magnitudes of the parameter
estimates are not in accordance with the theoretical model in most countries.
Since the presumed uniformity of sectoral wages is rejected in most cases,
relative wages are allowed to enter the estimation. This extended BS model is
endorsed by the data in every country. Simulations based on these results are
carried out to quantify possible inflation differentials. Setting EMU-wide
inflation equal to 2% and assuming that PPP holds for traded goods, the
projected inflation varies around the EMU-average within a margin of some +
] percentage points accross the countries.






1. INTRODUCTION

According to the Maastricht Treaty, the European Central Bank (ECB) has to
define its monetary policy so as to achieve price stability in the EMU area as
a whole. This implies a single money supply and a single monetary policy for
EMU countries, but this does not rule out the possibility of inflation differentials
among countries.

The most popular theory to explain inflation differentials on a non-
monetary basis is the Balassa-Samuelson (BS) hypothesis. These authors
observed that productivity growth has historically been faster in the traded goods
sector than in the non-traded goods sector. Labour is a perfectly mobile and
homogenous factor in the BS model implying nominal wage equalization. A rise
in productivity in the traded goods sector will bid up nominal wages in the
entire economy; producers in the non-traded goods sector will only meet the
higher wages if there is a rise in the relative price of non-traded goods. Within
a couptry, differentials in sectoral productivity growth induce sectoral
differences in inflation (dual inflation) but, when countries are compared,
differences in the degree of dual inflation translate into real exchange rate
variation.

The object of this paper is to explore empirically the relationship between

sectoral productivity differentials and sectoral relative prices and to infer the
potential for inflation differentials in EMU. The relevant point is that these
inflation differentials will have a different nature. While monetary factors
explain most of inflation differentials between countries with different countries,
inflation differentials in a monetary union are determined by real factors and,
depending of their source, they may call for real adjustment.
The study covers eight of the 11 EMU countries. Full coverage was unfeasible
due to the lack of sectoral data. Analysis of the long- run cointegration
relationships is carried out using the FIML procedure suggested by Seren
Johansen. The estimation results are used in simulations to quantify the
magnitude of inflation differential among countries.

The BS model is taken as initial reference, but we introduce a variation in the
model which contributes to make it more realistic. Indeed, the neoclassical
framework upon which the BS model is built introduce some restrictive
assumptions. In particular, the assumption of perfect labour markets is hardly
palatable, given the high degree of rigidities in the European labour markets. If
this assumption is relaxed, the hypothesis of nominal wage inequality does not



necessarily hold anymore. Actually, relaxing this hypothesis has a crucial
importance to validate the productivity hypothesis, and our theoretical model
takes into account this fact and, along the traditional BS model, we present an
extended version which allows for divergence in nominal wages.

According to the results, there is a long-run relationship between sectoral
productivity differentials and sectoral price different.als. Moreover, in most
countries a plausible cointegration vector can only be defined when relative
wages enter the estimation. The obvious reason for this is that the BS
assumption of uniform wage development in the two sectors is rejected in most
cases.

The simulations extrapolate past trends in productivity and the results of
the cointegration analysis. They indicate that -- even if the assumed inflation
target of 2 percent for the whole area is met -- inflation differentials will persist
among the countries concerned. In some countries inflation is projected to be
around 3 percent p.a. whereas in some other countries the projection is around
1 percent p.a. As it turns out, countries with a high inflation history, such as
Italy or Spain, are above average. However, projected inflation in Belgium is
among the high ones as well. Germany, France, Austria and Finland are

~consistently projected to show an inflation rate below the area-wide target.

It is worth insisting that the model focuses on real factors and neglects
monetary factors as a source of inflation. In the past, these factors seem to have
explained much of inflation differentials between high- and low-inflation
countries. This abstraction from monetary factors explains the a priori surprising
results that Belgium is among the high-inflation countries and Finland among
the low inflation countries in spite of their respective inflation records in the
past.

How should these results be interpreted in the context of EMU?. Although
in the conclusions, we will extend on this, it is worthwhile to underline here two
points.

First, making inferences based on the BS framework may be inadecuate, because
it relies on perfect competitive market assumptions. As a consequence, the
conclusion of their model was that inflation differentials is a by-product of real
convergence among countries. However, there may be other sources behind
sectoral productivity differentials related to demand factors or to the
inefficiencies in the labour and product markets. If this is the case, inflation
differentials are interpreted under a completely different prism and there is a role



for national governments to play. Second, simulations are valid only under the
assumption that past wends continue. Obviously a monetary union is a
fundamental shock which may induce fundamental changes in the behaviour of
agents and markets, with repercussions in the behaviour of productivity and
inflation differentials.

The rest of the paper is organised as follows. We next present the model
and derive the relationship between inflation and productivity differentials. In
section 3, earlier empirical evidence is discussed. Section 4 presents the data and
discusses them. Section S reports results of estimation and testing in a
cointegration framework. In Section 6, a set of simulation exercises is carried
out in order to study potential inflation differentials between EMU countries.
Section 7 summarises the paper and draws some conclusions.

2. THE MODEL

Balassa (1964) and Samuelson (1964) were the first to suggest that differences
in sectoral productivity growth are associated with changes in relative prices
between countries. Since labour is assumed to be mobile between sectors,
nominal wages tend to equalise. Furthermore, real wages in each sector,
measured in terms of their own prices, are equal to marginal productivity.
Balassa and Samuelson noted that productivity tends to grow faster in the
tradable goods sector because technological progress is embedded in new capital
and tradable goods are more capital intensive than services. All this implies that
productivity growth differentials in favour of traded goods are reflected in higher
non-traded goods inflation. As a result, countries with higher productivity
growth tend to have higher aggregate CPI inflation and their real exchange rate,
that is, the relative price of foreign goods to domestically produced goods
(measured in domestic currency) tends to appreciate.

It is important to note that productivity differentials do not only arise from
technological factors. Bergstrand (1991) has emphasised that demand factors
may play also an important role. Since demand for services and, more arguably,
public expenditure increasemore than proportionally with income, ie. their
income elasticity is higher than one, inflation tends to be higher in thesesectors.
Finally, productivity growth may also arise from rigidities in market and labour
products (de Gregorio et al. (1993,1994). Excessive wage pressures in the
tradable sector may lead to employment adjustments in the tradable to maintain
competitiveness; on the contrary, in the non-tradable sector, which is less
exposed to competition employers may react to these wage pressures with an



increase of prices. Thus, the combination of wage pressures plus market
rigidities may also account for the productivity differentials. Identifying the
actual source of productivity differentials is beyond the scope of the paper, but
this remarks are important for the interpretation of the results

The productivity hypothesis can be decomposed into two statements which
will be formally presented below. First, sectoral inflation differentials (="dual
inflation") are due to productivity growth differentials between the two sectors.
Second, dual inflation induces real exchange rate variability which, in the case
of EMU, will be reflected in inflation differentials among countries.

2.1 Productivity differentials and dual inflation

In the BS model it is standard to assume two production factors, labour (L) and
capital (X), which are fully employed in the production of two types of goods:
tradables (7) and non-tradables (). Output in each sector (¥; , i=T,N) is
determined by a Cobb-Douglas production technology:

Yr=4 rLTBK THB (1)
Yy=AuLn Ky

Each sector differs in the labour intensity of production (6 and ¥, respectively)
and in the technology content captured by 4,. Optimization implies that under
perfect competition the interest rate (R) and the nominal wage in each sector
(W,, Wy, respectively) fulfill the following conditions:

R=(1-8)A{K /L) =Ppe,(1-Y)AMK\L)"
W=0A(K/L;)"® 2
Wxn=Pre YAMKWLY o

where P, =P,/Pr is the relative price of non-tradables. It is convenient to
express these equilibrium conditions in logarithmic terms':

r=log(1-6)+ar-0(kr -I)=log(1-y)+qn+Pres -Y(ky -l
wr=log8+as+(1-6)(k; -1 @)
wy=logy+ay+Pre.+(1-Y) (ky -In)

where a, represents total factor productivity in the sector concerned.

1 Throughout the paper, lower case letters refer to variables in logs.
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We follow the standard assumption that capital markets are perfectly

competitive and integrated, so that the interest rate is exogenously given by the
international financial market.
As far as the labour market is concerned, however, we consider two alternatives.
The first fits with the standard procedure and assumes that labour is perfectly
mobile between sectors. As a result, nominal wages are homogeneous,
w;=w,=w. Solving for capital-labour ratios in equation (1) and substituting in
the wage equation, we obtain the following expression for the relative price:

Prec=Pn Pr= C+(Y}9)ar -ay (3)

where ¢ is a constant term which includes the real interest rate and factor
intensities which are taken as given.

An alternative specification is suggested by two facts about labour
markets. First, labour is not homogenous due to differences in skills or human
capital. Secondly, we also know that labour is not fully employed, due to
imperfections or rigidities. These matters may also be reflected in persistent
differences in the evolution of sectoral wages. In order to take account of this
possibility, we consider an extended version of the previous solution:

Prec =Py Pr=c+(y/0)ar -ay-y(wr -wy) (4)

where differences in sectoral wages also play a role.
Expressing (4) in terms of differences, the productivity hypothesis follows:

APre =4py -apr=(Y/0) aar -aay-y(awy -awy) (5)

Note that the ratio v/ is larger than one since non-tradable sector goods,
such as services, tend to be more labour-intensive than tradable goods. Under
the standard assumption wages behave uniformly and the last term in (5) drops
out. The resulting specification corresponds to the standard BS equation familiar
in the literature (see e.g Froot & Rogoff, 1995, p. 1675).

In this case, higher productivity growth in the tradable sector will be
reflected in higher inflation in the non-tradable sector. In the extended model --
with all terms present in (5) -- changes in sectoral wages might even reverse the
inflation projection. This happens under the strong condition that the growth of
nominal wages in the tradable goods sector exceeds that in the non-tradable
sector by a sufficient margin.
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2.2 Dual inflation and the real exchange rate

The real exchange rate (rer) is defined as the relative price of goods produced
abroad (measured in domestic currency) to domestically produced goods:

rer = (etp’) - p (6)

where e is the nominal exchange rate and p, p* refer to the overall level of
(consumer) prices in the home country and abroad, respectively. An increase in
rer reflects a real exchange rate depreciation. The aggregate price measures, p
and p°, are weighted averages of the prices in the two sectors:

P=(1-8)pr+3py _ 7)
p =(1-8)p; +3py

where 8, 8’ is the share of non-tradables in consumption. Substituting these
expressions in (6) and expressing the result in terms of differences, we obtain:

arer = [(ae+ap"D)-apd]+ [ (4D vap' -S(apy-20:)] ®)

In EMU, ae is, by definition, zero. Let us, in addition, assume that in the long
run purchasing power parity (=PPP) holds in the tradable goods sector. Under
the assumption that ap,=ae+ap’;,, changes in the real exchange rate can be
expressed in terms of sectoral inflation differentials: arer = [3'(ap’y-ap")-8(ap,-
apy)]. Substituting (4) in this expression, inflation differentials between countries
depend on sectoral productivity -- and wage -- differentials in the two countries
concerned:

4p-ap"=8[(1/8)(aar-2a"p)~(aay-4a"y)]-Sy[(awr-awy)-(aw ' raw'y)] (9

where, for simplicity, we have assumed that all parameters (8, Y and 0) are the
same for both countries®. According to this expression -- provided that wages
grow at the same rate in both sectors -- EMU countries with higher relative
productivity growth in the tradable goods sector will suffer from higher
inflation.

2 For the empirical work, this is an irrelevant assumption. If it is
relaxed, expression (9) just becomes more complicated:
arer=[(8°y" /8 )aa’,- (87/8)sa,] - [8°say-8aay] -[(8°Y") (aw'p-aw'y) -8y (awy-awy) ] .
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3 EARLIER EVIDENCE

Empirical studies have followed two avenues. The first is to study directly
the relationship between productivity differentials and real exchange rates. The
second concentrates on the link between productivity differentials and dual
inflation.

Most of the studies which opt for the first approach attempt to explain the
well-documented failure of the PPP-proposition by considering permanent shifts
in the real exchange rate due to real factors such as productivity differentials’.
Using OLS regressions (Hsieh,1982, and Froot & Rogoff, 1991) or the more
sophisticated cointegration analysis (Strauss, 1996), the overall conclusion is that
productivity differentials are closely related to the evolution of the real exchange
rates. Results on the second approach, followed among others by De Gregorio
et al. (1994), Canzoneri et al. (1998) and Micossi and Milessi-Ferreti (1994)
conclude that higher productivity growth in the tradable goods sector implies
higher non-tradable goods inflation.

It is important to stress that monetary factors play a relevant role in
determination of nominal and also of real exchange rates between countries. As
a matter of fact, they may have been the dominant source of inflation
differentials between countries in Europe in the past. Because of this, it is not
straightforward to specify an empirically well-defined direct link between
productivity differentials and (real) exchange rates when historical data is used.
It seems highly likely that a plausible model (according to the first approach
discussed above) should de facto include monetary factors in the empirical
specification. In EMU, by contrast, monetary divergences will disappear and
inflation differentials will be exclusively due to real sources.

These considerations make the second approach more appropiate to study
potential inflation differentials in EMU and therefore we will explore the link
between sectoral productivities and prices. However, our study is quite different
from the previous contributions in several respects. First, the sectoral breakdown
is different. Second, the econometric specification is more general and testing
is more complete than in earlier contributions. Third, when defining our
preferred specification we follow the ’general to specific’ modelling strategy.

3 see McDonald (1998) and Rogoff (1996) for recent surveys on PPP and

Rogoff & Obstfeld (1995) for a reappraisal. There are other structural
explanations for PPP deviations, but contrary to the Balassa-Samuelson
hypothesis, they emphasise PPP deviations in the traded goods sector: portfolio
or asset accumulation models {Mussa, 1984), terms of trade models (Neary, 1988)
and pricing-to-market models. Evidence on PPP in the traded goods prices. albeit
not robust, is stronger than when the overall price indices are considered (see
Froot & Rogoff, 1995).
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This indicates testing of not only the BS hypothesis as such but also its
underlying assumption that sectoral wages are homogeneous. Finally, our
preferred specification which accords to the extensions discussed in the
theoretical section above is a novelty in the literature. We hope that it adds
realism to the Balassa-Samuelson model.

Since our simulations below will address the issue of potential inflation
differentials in a monetary union, it is also of interest to refer to a couple of
recent studies on inflation differentials in existing monetary unions: USA and
Spain. Cecchetti et al (1998) study convergenge of prices in 15 US cities using
panel data for 1918-95. In six consecutive non-overlapping ten year periods, the
average annual inflation range was at lowest 1 percentage point and at highest
1.6 percentage points per annum. In a similar study on Spain, Alberola &
Marqués (1998) find that the range of average inflation differentials per annum
among Spanish provinces is even larger, ranging between 1.2% and 2.5%.
Remarkably, these differentials have remained quite similar in periods with high
and low aggregate inflation.

4 THE DATA AND SECTORAL DISAGGREGATION
4.1 The sectoral disaggregation

The Balassa-Samuelson model emphasizes differences between the traded goods
sector and the non-traded goods sector. The Scandinavian Inflation Model* also
has the two-sector property. Here, the open sector is the leader and the sheltered
sector is the follower. Production in the former is subject to foreign competition
whereas in the latter it is not. This is in full accordance with the BS set-up. So
is much of the rest of the Scandinavian inflation model as well.

In the empirical applications of these models, it has been common to
operationalize the traded goods sector (= open sector) as the manufacturing
industry. De Gregorio, Giovannini & Wolf (1994) calculate, for 14 OECD
economies, the average share of exports in the overall production in each
industry in 1970-85 and use shares higher than 10% as the criterion of
tradability. Accordingly, they include agriculture and mining, manufactures and
trasport in the tradables sector. The rest of services make up the non-tradables
sector.

The inclusion of agriculture is, however, controversial. First, in many
countries, agricultural production has been heavily subsidized and prices
administratively determined. As a consequence, producer prices, consumer prices

5 see Lindbeck (1979), e.g.
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and export prices of agricultural products do not necessarily have much to do
with each other. If the common agriculture policy of the EU, for example, has
exacerbated these features in some European countries more than in others,
inclusion of agriculture could induce a bias in estimation of relative prices.
Second, if the number of self-employed dominates in agriculture employment,
analysis of relative wages may be misguiding. Implications for inflation
pressures of a deviation of wages from productivity are not straightforward
either. Third, partly reflecting features above, measurement of agricultural labour
productivity in the System of National Accounts (SNA) is particularly
problematic and differences in the related bias may induce differences in
estimates accross countries. Finally, in all countries, the output share of
agriculture has diminished drastically over the past decades. In some countries
the decline took place earlier and in some others later. Because changes in the
size of the agriculture have been so large, inclusion of agriculture into any of
the two sectors may dominate the examination of relative output shares.

In the public sector, measurement of productivity in SNA is far from
straightforward either. In addition, prices of public goods and services are not
determined in a process in which costs and productivities play their proper role.
So, the data generating process differs considerably from that in the private
sector of the economy. If one expects to find a well-defined time-invariant
relationship between productivity growth and price setting, this can hardly be
found in the public sector where price setting may also be influenced by
political considerations.

Given the points made above, the sectoral breakdown applied in this work
is the following:

Traded goods sector (7):

Manufacturing industry + Transportation

Non-traded goods sector (N):

The rest of the economy excluding Agriculture and Public sector

4.2 The data

The annual data used in econometric analysis covers 8 countries:

5- This sectoral disaggregation also differs from that in Canzoneri et al

(1998), e.g, which includes agriculture in the traded goods sector, on the one
hand, and transportation and public sector in the non-traded goods sector, on the
other hand.
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Germany, France, Italy, Spain, Belgium, Netherlands, Austria and Finland®. At
the outset, we wished to cover each of the 11 EMU-economies. This proved
impossible because adequate sectoral data was not available for all countries.
For Portugal, which appears in the graphs, the existing data set is too short for
econometric analysis. The series used in the analysis are, for each sector:

Value added deflator, P;;

Output, GDP at constant prices, Y;;
Employment, number of employees, L;;
Productivity, Q; = Y/L;

Wage sum, WS;;

Employers’ social security contributions, SS;;
Production wage, W, = (WS;+SS,)/L..

In the present context, four points are worth stressing. First, since we are
interested in price differentials, the relevant wage variable is the production
wage per worker, which includes payroll taxes. In this respect, our choice differs
from that of many other studies. Second, productivity will be proxied by labour
productivity as most studies do and not, as the theoretical model implies, by
total factor productivity. The reason is that data on sectoral capital stocks are
difficult to obtain and measures of total factor productivity are subject to
discussion (see Pilat, 1996)". Third, employment is measured by the number of
employed persons since data on working hours were not available. This also
implies that labour productivity is output per worker, not per hour which would
be a more appropriate measure. The matter may cause problems for estimation
in particularl in countries where the share of part-time work has increased
considerably®. Fortunately, this is a major concern, among the countries

®- The data come from the OECD (Statistical Compendium 97/2). The length

of the series varies from country to country. For Germany, there are observations
for 1960-1993. For most of the countries, the data, however, only begin in the
mid-1970s and end in 1993-95. For Spain, the sectoral CECD data start at 1985 but
they were augmented with data of the Bank of Spain to begin in 1965,

7 For some countries, we actually considered total factor productivity
{(TFP) in the two sectors. We abandoned this choice because certain unconvincing
results.In Spain, for instance TFP indicates a steady\gnd permanent decline in
the level of TFP in the service sector which is difficult to accept. This result
is probably due to arbitrary measurement of the level of capital stock in the
non-traded goods sector.

8 This issue is more important in the standard BS model according to {(4)
above whereas in the extended BS model according to (5) it is less so. This is
because the latter model includes both productivities and wages which are both
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considered, only in the Netherlands. Still, this issue will be reconsidered below.
Finally, although much of the literature discusses real exchange rates in terms
of CPI inflation, CPIs can not be used in sectoral analysis. This is because CPIs
are based on consumption baskets which cannot be disaggregated according to
the sectoral breakdown applied in National Accounts.

4.3 A preliminary look at the data

A first look at the Balassa-Samuelson hypothesis is to consider the sectoral data
on productivity and prices in various countries (see graphs 1 to 9). The first
point to note is that, over the whole sample period, productivity in the traded-
good sector has grown more than in the non-tradable sector, as panel (a) in each
graph shows. According to the BS productivity hypothesis, this should mean that
prices in the non-tradable sector increase more than in the traded-good sector.
Panel (b) in each of the graphs shows that this has, as a rule, been the case. The
core of the productivity hypothesis is in panel (c). Relative prices of non-
tradables have tended to rise as the relative productivity in the tradable goods
sector has increased. This obviously gives support to the Balassa-Samuelson
hypothesis.

In Table 1, the same information is summarised in terms of rates of
growth for the latter years of data. On the one hand, for the chosen period, data
for all countries are available. On the other hand, for evaluation of trends in the
years to come, the more recent past may well be most indicative. Table 1
contains some points of particular interest. First, sectoral inflation differentials
range from 3.3% in Spain to close to nil in the Netherlands. Second, German
productivity’ in this period has grown slightly more in the non-traded good
sector. Third, Spain, which is one of the potential catching-up countries has
displayed low productivity growth in both tradable and non-tradable goods. This
challenges the presumption that productivity growth is faster in countries with
lower per capita income. Fourth, in addition to the Netherlands, productivity

measured per head. Thus, as far as the relationship between price setting,
productivities and wages is concerned, potential biases will cancel out. As it
will be seen, our results according to both models are qualitatively very
similar. This could be an indirect indication that the bias due to the
productivity measure is probably not of first-order importance.

? Note that, for the nineties, the figures for productivity growth in
Finland are not representative. In the early 1990s, the level of GDP fell by 13
percent within two years. At the same time, the unemployment rate rose from 3%
to 20%. Particularly in manufacturing, employment declined much more than
production. As a result, Finnish manufacturing faced a few years with
productivity growth exceeding 10 percent annually.
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performance in the non-traded goods sector has been particularly poor in Spain
and Portugal. This challenges arguments according to which the catching-up
process is presently led by the service sector'.

The final point to address is as follows. While the standard BS model
presumes uniform wage growth -- due to sectoral labour mobility -- the data do
not seem to be in accordance with this presumption. Indeed, panels (d) indicate
that, in some countries, there are important divergences in sectoral wages. This
suggests that -- according to our theoretical model -- relative wages may play
an additional role in the long-run relationships between sectoral prices and
productivity growth differentials. This possibility will be tested as part of the
cointegration analysis in the next section.

Table 1
Average annual changes in labour productivity and sectoral differentials in
productivity growth and price changes, percentage points

Differential| Differential| Productivity | Productivity
in price in growth in | growth in
increases |productivity| the traded the non-
ap" - ap" | growth, |goods sector,| traded

Period (A) aq" - aq® aq” sector, aq"

(B)=(C)-(D) © (D)
Germany || 1985-93 0.8 -0.2 1.2 1.4
France 1985-95 1.2 1.9 33 1.4
Italy 1985-95| 26 2.7 3.9 1.2
Spain 1985-93 33 2.1 2.3 0.2
Netherl 1985-95 0.1 24 2.6 0.2
Belgium || 1985-94 09 22 3.0 0.8
Austria 1985-95 1.4 29 3.6 0.8
Finland 1985-95 2.5 3.5 5.8 23
Portugal || 1987-93 4.8 4.6 4.5 -0.2

10

For a discussion see Tyrvdinen (1998).
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S COINTEGRATION ANALYSIS

The Balassa-Samuelson model presented in section 2, and the preliminary
evidence above, suggest that there probably is a specific long-run relationship
between prices, productivity differentials and, potentially, relative wages. The
matter is formally examined below using the Full Information Maximum
Likelihood (FIML) estimation method suggested by Johansen (1991) and
Johansen-Juselius (1990).

As the observation period is fairly short in most cases, potential problems
related to overparameterization are obvious. Because of this, each model will be
made more parsimonious by imposing a priori restrictions derived from
theoretical evaluations. This avenue was chosen although we are fully aware that
it would be preferable to estimate an unrestricted model in which each variable
is allowed to have its own separate dynamic adjustment path.

Two models will be examined. The first is the standard Balassa-
Samuelson model which relates sectoral price differentials to productivity
differentials. In this set-up relative wages play no role. This is because wages
are assumed to be homogeneous in the two sectors. According to our
knowledge, validity of this assumption has not been challenged in earlier papers
discussing the BS model. After having rejected wage homogeneity, an extended
BS model including relative wages is estimated.

5.1 The standard Balassa-Samuelson model

Equation (3) above represented the BS hypothesis about determination of dual
inflation (apgs,=apn-4p7), assuming full sectoral labour mobility and,
consequently, homogeneity of nominal wages. The empirical counterpart -- when
the proxy for productivity is the labour productivity, g, -- of the long-run
relationship (3), expressed in logs, is

Prer=Pn-Dr =€ + (¥B)gr - qu (37)

This expression defines a specific relationship between sectoral price levels and
sectoral productivity levels expected to hold in the long run. Furthermore, (3°)
defines an a priori restriction which implies that the long-run parameters
associated with p, p, and g, are equal (in absolute value). Therefore, we
combine these variables into a new variable, (Ppc,+qy/). Normalizing with
respect to it, we arrive at the following empirical equation which will serve as
a basis for testing the BS hypothesis;



(Prectand - Bgﬂn e = (10)

If the residual, ¢, of the two dimensional VAR is stationary, i.e. g, ~ [(0), the
series concerned are said to be cointegrated with cointegration vector /7 -B,].

For inference on cointegration, three sources of information are helpful.
The first is the formal Trace test (or/and the A-max test). Secondly, roots of the
companion matrix can be used to examine the number of common trends which
helps to define the number of cointegrating vectors. Finally, graphics of the
eigenvectors can shed additional light, particularly when the first two procedures
do not give a definite answer''.

The cointegration rank, r, specifies the number of linearly independent
stationary relations between the levels of the variables. When the rank is zero,
r=0, there is no cointegration. When it is equal to the number of variables, r=n,
any linear combination of vectors is stationary which implies that each
individual series is stationary. Cointegrating relations are the eigenvectors
corresponding to the r largest eigenvalues in the system'.

For appropriate testing, the Gaussian presumptions must be satisfied.
Problems in this respect may reflect an inappropriate lag length, or outliers in
the data, or they may simply indicate that the model is not adequate. All
alternatives should be studied. As part of the preliminary analysis of the
properties of the series in full VAR-models, stationarity tests and exclusion tests
were carried out.

Cointegration implies the existence of a time-invariant long-run
relationship between the variables. In a model according to (10), the

11 gstatistical inference based on these aspects is sometimes complex. Due

to lack of space, we have omitted relevant tables and related discussions from
the paper. We simply indicate whether cointegration was found and report the
cointegration rank, r. All test results and other relevant material related to
inference are available from the authors upon request.

12 The magnitude cf an eigenvalue A;, indicates how strongly the
cointegrating relation is correlated with the stationary part of the process. The
test for a specific value of r involves the hypothesis that A, = ... =i, = 0,
whereas A;, ..., A, > 0 (see Johansen, 1992). The likelihood ratio test statistic
of the hypothesis of r cointegrating vectors in n-dimensional system is given by
the so-called Trace statistic. The distribution of the test statistic, which is
a non-standard Dickey-Fuller type (involving a multivariate Brownian motion), has
been tabulated for the asymptotic case in Johansen & Juselius (1990). The
distribution depends on the assumption concerning the existence of the linear
trend (yes or no). The distribution has broader tails if the trend is absent.
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cointegration vector [/ - By,] is presumed to act as an attractor” which
incorporates an equilibrium relationship between the variables. If the system is
off the attractor, pressure to correct the deviation emerges. Therefore, a
cointegrating relation in (log) levels defines a dynamic error-correction equation
in (log) differences. Accordingly, for each (endogenous) variable a difference
equation is estimated. In so far as (p,g,,+qy) 1s considered and allowing two
lags in levels - the dynamic equation looks as follows:

A@re gy, = possible constant + possible dummies+
+ NAgr + MA (Dpetqns + MAAGr (11)
ta [(pREL+qN - BQ?‘I!):—L] + \?;

A significant constant term in the short-run part allows an intercept in the
cointegrating relations and linear trend slopes in the data. The long-run
convergence is towards the attractor defined by the B-coefficients and the long-
run part of the equation.

The a-coefficient defines the share of the lagged equilibrium error which
is corrected in the present period. However, the magnitude of 1, defines how
much of the effect of the present shock (in g;) is left to be corrected in future
periods. If the lagged dependent variable enters significantly the dynamic part
of the equation (0, # 0), it also influences the adjustment. A significant presence
of lagged differenced shock variables (1, # 0) has a similar impact. Therefore,
it is not sufficient to consider only the size of the a-coefficient when dynamic
adjustment is examined.

As far as the dummy variables are concemned, in the Johansen estimations
their role differs importantly from their role in standard regressions. The
dummies only enter the dynamic part of models and leave the long-run
relationships unaffected. Use of economically meaningful dummies has been
advocated because sudden shifts in variables (e.g. due to oil price shocks or

13 Let us consider two non-stationary variables x and y such that y = Ax.

A acts as an attractor if there is some mechanism such that if y departs from Ax
there will be a tendency to get back near to it. Because of uncertainties,
rigidities, contracts etc., the mechanism may not immediately bring the points
exactly to the attractor.

2 Importantly, it 1is not appropriate to consider a vector as a
cointegration vector unless error correction is involved. This is because of the
statement of Granger (1986, p. 217) on the special relationship between
cointegration and error correction: “Not only must cointegrated variables obey
such a model but the reverse is also true; data generated by an error-correction
model ... must be cointegrated." This is also why we report the a-coefficients
in Tables Al - A3.
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policy interventions) may make estimation of the short-run coefficients in (11)
arbitrary. As this also concerns the a’s, problems could be generated on
inference about error correction.

In estimation, each variable is endogenous at the outset. However, if an
a-coefficient is not significantly different from zero, we can condition on the
variable concerned. This indicates weak exogeneity. By conditioning, efficiency
of the estimation can be increased. Of course, this avenue is only chosen when
testing in the full model indicates that conditioning is appropriate.

In the present context, cointegration is not a sufficient condition for
acceptance of the BS model. This is because (5) and (10) imply that 8, which
approximates (y/6), must be equal to or larger than unity since -- as was
discussed in Section 2 -- labour share in the non-tradable goods sector (y) is
presumably larger -- and certainly not smaller -- than that in the tradable goods
sector (0). Thus, the standard version of the BS hypothesis will only be
accepted if -- in addition to cointegration -- the hypothesis

Hy Bgr2 1

is in accordance with the data.

The inference here is according to the procedure suggested by Johansen
& Juselius (1994). They claim that a structure is acceptable only if identification
is reached in three different aspects. First, generic identification is related to the
statistical model. Secondly, empirical identification is related to the actual
estimated parameter values and their significance. The plausibility of the
resulting cointegrating relations applies, however, not only to the signs but also
to the magnitudes of the parameter values. Accordingly, last but not least,
economic identification is related to the economic interpretability of the
estimated coefficients of a generically and empirically identified structure. H,
hypothesis above is a kind of "plausibility condition" which relates to economic
identification.

Economic identification is carried out by restricting the B, parameter to
be equal to one and testing the validity of this restriction in a Likelihood Ratio
(LR) test. Intuitively, a reswriction is validated if the eigenvalues related to the
restricted estimation do not differ "too much" from the unrestricted estimation.
Each restriction is always compared to the original unrestricted estimation and
all r eigenvalues contribute the test statistic which follows the y’-distribution
with degrees-of-freedom indicated in the tables.
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Estimation and results

The results of the estimations of model (10) appear in detail in Table Al in the
Appendix. In the following tables, the column labelled REST refers to the
restricted model and FREE to the unrestricted model. The case which best
accords with the data defines the preferred relationship and is marked with a star
(*). A summary of the preferred relationships due to this estimation -- as well
as the later ones -- is in Table 2 below.

In most cases, the preliminary analysis did not point to any particular
problems with respect to the normality of the residuals. Because of signs of
excess kurtosis due to extraordinary changes in the differenced data, we
included, however, certain dummies'®. As far as the lag length is considered,
misspecification tests indicate that we do not lose anything by restricting it to
either 2 or 3 depending on the country. This holds in later estimations as well.
In the bivariate VAR, cointegration is found in every country except the
Netherlands. A look at the data on relative productivities and relative prices in
Netherlands indicates that this is actually what one would expect. Visually,
relative prices and relative productivities seem to have little to do with each
other particularly in the post-1985 period.

** In Finland, the beginning of the “great recession” in 1991 (exacerbated

by the collapse of the Soviet Union, Finland‘s major trading partner) generated
extraordinary outliers to the differenced data. In Belgium, dummies for 1986 and
1993 are present. Examination of the data depicted in Charts 6 and 9 in Appendix
reveals the source of excess kurtosis in each case.



Table 2

Summary of cointegration analysis

Stendard BS:  Be,Prar, - Bordn + Bondne = 0
with the a priori restriction Berer = -Bon= 1 = Bagas
Extended BS: Bpnupusu - BQan + ﬁQNqu"' Bwra Wrer= 0
with the a priori restriction Bpeg; = -Boy= 1 = Bron-
STANDARD BS EXTENDED BS
Cointegration Values of Cointegration Values of
+/- BPIEL BQT BUN +- BP‘(FL BW BON BWRFL
IGERMANY + 1 1321 + 132 1 0
FRANCE + 1 821 + 1.00 1 .23
ITALY + I .51 1 + 1.00 1 81
ISPAIN + 1 160 1 + 146 1 0
INETHERL - N.A. + 100 1 .78
BELGIUM + 1 100 1 + 1.00 1 0
IAUSTRIA + 1 511 N.A NA.
JFINLAND + 1 871 + .00 1 .18

Memorandum item: For Ausma, the extended B S model could not be estimated because sectoral wage data was
not available. Results according to the standard BS model are not reported for the Netherlands because of
rejection on cointegration. Lower case letters refer to variables in logs. pge,=py-p; where p, is the GDP deflator
in sector #, i = 7T, N where T refers to the traded goods sector and N to the non-traded goods sector. g'= labour

productivity. wgg = w,- wy where w; is the sectoral production wage.

examined.

When testing the standard BS
model, the Hy-hypothesis is rejected in all countries other than Germany, Spain and Belgium. In Gennany and
Spain, the magnitude of By is larger than unity in a free estimation. In Belgium, the free estimate is .9 which,
however, does not differ significantly from unity. In the five other countries, the standard Balassa-Samuelson
model is rejected. This also sugges% that there are important behavioural differences between the countries




When testing the standard BS model, the H,-hypothesis is rejected in all
countries other than Germany, Spain and Belgium. In Germany and Spain, the
magnitude of By is larger than unity in a free estimation. In Belgium, the free
estimate is .9 which, however, does not differ significantly from unity. In the
five other countries, the standard Balassa-Samuelson model is rejected. In sum,
this suggests that there are important behavioural differences between the

countries examined.

5.2 Testing long-run homogeneity of the sectoral wages

As the standard Balassa-Samuelson model -- which is theoretically well-
grounded, with plenty of empirical literature endorsing its relevancy -- did not
find support in five countries (France, Italy, Austria, Netherlands or Finland),
an explanation is in order.

Graphical analysis above suggested that the common presumption of the BS
model -- the assumption of uniform wage paths in the traded goods sector and
in the non-traded goods sector -- may contradict the data. We now proceed by
testing the matter more formally.

Uniformity of sectoral wages in the long run implies that the relative wage,
Wee =W-Wy, 1S stationary. Since sectoral wages are non-stationary, this requires
that they must be cointegrated with a cointegration vector [/ -1]. To test this
hypothesis, we estimate the two dimensional VAR

Burwr + Buyawyt € =0 (12)

and test for cointegration and the hypothesis
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Hy: Bir = B = 1.

by restricting the parameter in the model. If cointegration is found and the H,-
hypothesis is in accordance with the data, it is appropriate to conclude that

sectoral wages follow a uniform path.

Estimation and results

Results of residual analysis were generally satisfactory. In spite of this, excess
kurtosis in some countries needed to be controlled by dummies'®.

The results of the estimation appear in detail in Table A2 in the
Appendix, in which the parameter B, is restricted to -/, and the unrestricted
model appear. Cointegration was found in all cases considered implying r=1.
However, the Hjy-hypothesis of an elasticity of unity was rejected in every
country but Belgium. The parameter B, was smaller than unity in France and

Italy and larger in the rest of the countries.

For Germany, we also tested whether the value of [,y would change if
the unification period were left out. It turned out, however, that the results of an
estimation which ends in 1989 were almost identical to those with full
observation period. This indicates that unification did not have a first-order
impact on developments in sectoral relative wages. Furthermore, we examined
whether the results for Finland change if the recession years of the 1990°s are
skipped. A regression with an estimation period which ends at 1990 did not
support this conjecture.

Results for the Netherlands have to be considered with particular caution.

16 1n Germany the relevant dummy relates to 1970 and in Italy to 1972. As
in the earlier estimations, 1991 which was the first year of the severe
depression in Finland needs to be controlled.
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This is because the hypothesis B,,=-/ passes but so also does the hypothesis
Bwn=0. This indicates that B,, is very imprecisely defined. Furthermore, the
Trace test gave no strong support for cointegration of the two wage series and
neither did evaluation of the common trends'’. However, the error correction
property showed up more strongly when §,, was given a value which is larger

than unity.

So, we conclude that the hypothesis of uniform sectoral wage paths is
rejected throughout -- except in Belgium. As this implies that a key assumption
of the standard Balassa-Samuelson model violates the data in most countries,
an extension of the empirical model is suggested in order to take this caveat into

account.

5.3 The extended Balassa-Samuelson model

Estimations above rejected the standard Balassa-Samuelson hypothesis in most
countries. In addition, the assumption of uniform wage development underlying
the BS model turned out to be generally inappropriate. Therefore, in the present

Section, we examine the extended BS model as defined in Section 2 above.

Let us consider a model with relative prices, relative productivities and
relative wages as expressed in (4) above. Incorporating the relevant productivity

measure, ¢,, the equation looks like:

AP e, =8P N8P =(18) 8G - 2q\Y (awr-aw)y) (4’)

oA possible reason for this may be as follows. In the Netherlands, the

share of part-time work is exceptionally high. Its role started to increase in
the 1880‘s. Since part-time work is more common in services and it implies that
the annual average wage per head is lower, we are inclined to argue that the
trend increase in the importance of part-time work is a potential reason for
problems related to estimations with the Dutch data.



Normalizing with respect to (p,z +9,), (4°) defines the following empirical long-

run relationship:

(Prectand - ﬁgﬂn + BureWren Y &, =0 (13)

where wgg, =w-wy. In this model, the dynamic adjustment equation for

(Prectqn) 1s -- assuming two lags in levels -- given by:

A (Preu 9w, = possible constant + possible dummies

+ MAGn + MoBwegy, + A PreptdndtMeBr M sWeep i (14)

+ of (Pre,tan+Boid +PBuresWrer) s + Vi

As in Section 5.1 above, (4°) and (13) imply that the “economic identification”
related to the model is only achieved when B is larger than or equal to unity.
Furthermore, the theoretical model implies 0< B <!/ must hold. This is an

additional condition for "economic identification".

Below we proceed as follows. First, cointegration is tested. If it is not
rejected, we consider whether one or more of the variables could be considered
as weakly exogenous. This implies that the related a-coefficient does not differ
significantly from zero. In the resulting conditional model, the value of By is
examined. Two cases are possible. If the point estimate of By, is larger than
unity, the extended model is not rejected. If, however, the free estimate of By,
is smaller than one, we test whether it differs significantly from unity. The

related Hy- hypothesis is

Hy: Bor>1.
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Afier having examined H,, we consider more thoroughly the role of

relative wages. In particular, we impose and test the restriction

H'g: Byge, = 0 -

If not rejected, H', implies that relative wages do not affect equilibrium in the

long run'®. If H', is rejected, By, should be smaller than unity.

The extended BS model is the appropriate description of the data if
cointegration exists with B,>1 and 0< B, <I. The specification collapses
to the standard BS model -- with no relative wages in the long-run relationship -

- if cointegration is found with By > 7 and B, = 0.

Estimation and results

Although results of residual analysis in the three dimensional model were
generally encouraging, certain dummies were needed to control for excess
kurtosis'®. As before, misspecification tests indicate that we do not lose

anything by restricting the lag length to either 2 or 3.

If there is cointegration, we expect one well-specified relationship to show

up. However, as the tests sometimes (France, Italy, Belgium and the

¥ This would still allow the relative wage to play a role in the short-run

adjustment, which contrasts with the standard BS specification. The short run
part of the dynamic equation related to the restricted extended BS model is
different from the standard BS equation as can be observed by comparing equations
(11) and (14) above.

¥ 1n Germany the relevant dummy relates to price movements in 1968. In
Finland, the recession dummy enters in 1991. In France, a dummy in 1988 is due
to the sudden jump in the traded goods sector productivity. Results for Belgium
must be considered with particular caution because cointegration in the model is
uncertain and two dummies were needed to control for outliers in residuals in
1986 and 1993.



Netherlands) indicate that there is another long-run relationship in the data
space, we have an additional vector to consider. The choice of the adequate rank
is of great importance due to the small sample problems discussed above.
Choosing a "too high" r implies that the tests imposed are "too loose". On the
other hand, if the correct choice is, for example, r = 2 but we choose r = 1, the
tests are excessively stringent and the resulting p-values are definitely the lower
limits of the appropriate ones. Whether the "last” eigenvector contains relevant
information about the long-run relationship of interest can also be evaluated by
comparing the parameter estimates discovered including and excluding this

vector.

In a few cases, the suggestions of different test procedures on r -- whether
ris 1 or 2 -- were not uniform. In particular, this was the case of Belgium and
Spain. We conclude, however, that it is more probable that r=2 in Belgium and
r=1 in Spain. For the rest of the countries, we conclude that r=1 in Germany and

Finland and r=2 in France, Italy and the Netherlands®.

The results related to this model are in Table A3. There are two columns
for each country, 4 and B. Column A reports the free estimation for countries
in which the result gives a value for By, larger than unity (Germany and Spain),
and, for countries where the free estimate of the By, was less than unity, it

reports results of an estimation in which the precondition for economic

20 Three examples of the inference are as follows. In Spain, the Trace test

suggested that r=2. At the outset, so did also evaluation of the roots of the
companion matrix; one of the roots was very close to unity and the second root
was clearly smaller. After having imposed data consistent restrictions we noticed
that the second root had drifted to unity. Therefore, final tests were carried
out under the assumption that r=1. In Germany, the Trace test suggested that r=l
whereas examination of the roots of the companion matrix indicated that r=2. In
this case we started by assuming that r=2 but, again, noticed that when
restrictions had been imposed, another root had drifted towards unity. Therefore,
the reported tests were carried out under the assumption that r=1. In the
Netherlands the case was unclear at the outset; one of the roots was slightly
outside the unit circle. After having chosen r=2 and after having imposed
restrictions present in the preferred equation in Table A3, we noticed that the
largest root was unity and the second largest was considerably smaller. This
indicates that r=2 is indeed the right choice.
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identification (By=1) has been imposed”. Column B is a test on the
significance of the relative wage in the long-run relationship. The preferred

cointegrating vector is marked with a star (*) in the Table.

In a free estimation By, > / holds for Germany and Spain. Furthermore,
H, which restricts 8,7 to unity could not be rejected in any of the remaining
countries. This indicates that the presence of relative wages in the cointegrating
relationship helps the productivity hypothesis incorporated in the BS model to

survive in every single country.

The final test relates to exclusion of the wage variable from the long-run
relationship. According to the LR test, omission is valid only in Germany, Spain
and Belgium. This result comes as no surprise since these are the three countries
where the standard BS was shown to be appropriate in Section 5.1 above.
Furthermore, Belgium is the only country where sectoral wages were found to

be cointegrated with a coefficient of unity.

In all other countries -- France, Italy, Netherlands and Finland -- relative
wage behaviour incorporates additional information which is relevant for the
long-run data generating process related to the development of relative prices.
Furthermore, the second condition for "economic identification", i.e 0< B,.e

<], is satisfied in all relevant cases.

The final comment relates to our productivity measure. As discussed

21 aAs far as estimations reported in Table A3 are concerned, a

clarification is in order. This relates to what is a "free" and what is a
"restricted" estimation in different countries. In most countries we concluded
that r=1. This implies that one single restiction is binding. In France, Italy
and the Netherlands we concluded, however, that there are two cointegrating
vectors, r=2. Therefore, the cointegration vector can also be a linear
combination of the two vectors. By imposing a restriction according to the Hy-
hypothesis, we can restructure the data. In the context of France, the hypothesis
that the restriction implies nothing more than restructuring can be scrutinized
by testing whether a "pre-known" vector {1, 1, .23] is in the data space. The
hypothesis is not rejected and the relevant p-value is 1.00. So, when r=2, one
restriction is not binding and, for the countries concerned, the first estimation
is characterized as "free" in Table A3. When adding the second restriction
related to the wage variable, the estimation is "restricted" also when r=2.
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above, we have measured labour productivity as output per head rather than as
output per hour. This could generate problems particularly when part-time work
becomes more common. On the other hand, if pay declines with hours the
relationship between our productivity measure and price setting does not
necessarily change. This also concerns the standard model. If pay does not
change, the potential bias is "corrected” in the extended BS set-up because
wages are also measured per head. Comparison of the results for the Netherlands
in Sections 5.1 and 5.3 supports this interpretation. As it happens, our qualitative
judgements about the basic features of the "right" specification are generally
identical in the extended and standard models. This indicates that the inference
on dual inflation is not necessarily sensitive to the way of measuring labour

productivity.

5.4 Conclusions of the econometric analysis

-The “standard” Balassa-Samuelson model finds support in Germany,
Spain and Belgium. However, in France, Italy, Netherlands, Austria and Finland
it is not an appropriate description of the relationship between relative prices and
productivities.

-Wages in the tradable goods sector and in the non-tradable goods sector
are cointegrated but do not follow a uniform path -- with Belgium as the only

exception.

-In a model including relative wages, prices and productivities,
cointegration is found throughout, although in the Netherlands with a few
question marks. Consistently with our earlier results, the standard Balassa-
Samuelson model is in accordance with the data in Germany, Spain and
Belgium. In the rest of the countries relative wages do contain crucial additional

information about the data generating process concerned in the long run.

-As far as interaction of sectoral prices, wages and productivities is
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concerned, there seem to be fundamental differences between countries. If that
is the case, it may be inappropriate to use estimation methods which -- as result

of pooling of the data -- produce identical parameter estimates for all countries.

-For all the countries concermned, we have found plausible long-run
relationships which describe the generation of the dual inflation. These
relationships have two important implications. First, dual productivity growth
has been an important source of dual inflation in every country. Secondly, in

many countries relative wages have played a crucial additional role.

Our results emphasise the implication of two competing modelling
strategies. On the one hand, although the standard Balassa-Samuelson model
in 5.1 is a well-grounded set-up, it is fairly restrictive. In particular, it abstracts
away any role of relative wages both in the short and in the long run. On the
other hand, the extended BS model nests the standard model. In this particular
meaning, it allows the “general-to-specific” estimation strategy to be applied.
This strategy starts with a more general specification and tests whether it is

appropriate to arrive at more parsimonious empirical specifications.

In our view, the second strategy is superior to the former which is usually
followed in the papers studying the Balassa-Samuelson hypothesis. Although
cointegration is found both in the standard and extended specifications, the
likelihood ratio test indicates that the former model is generally a mispecified
one because it does not include relative wages. This missing variable tums out

to be crucial to rescue the BS productivity hypothesis in many countries.

6. SIMULATIONS

This section considers the implications of the above results for potential inflation

differentials in EMU. In the simulations below, all assumptions about numbers
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either refer to actual growth rates in the historical data or apply estimated

parameters resulting from the cointegration analysis above.

Since the extended BS model is endorsed by the data, our baseline
simulation is based on it. However, we also report in the appendix simulations
according to the standard BS model. They act as a set of control solutions and
allow us to compare the two models in practice. In simulations, we assume
throughout that an ECB inflation target (2% p.a) for the EMU-area is met.

In order to set the framework for simulations, let us consider the empirical
counterpart of equation (5) in Section 2 which represents the extended BS model
for the relationship between relative productivities, prices and wages with

subscript j refering to each of the eight countries under consideration:

ADper;=ADy; ~AD7; = BQ?}AQTTAqM'BWRELJ'(AWI}’AWNJ&) i)

where Po7; and Py gy, correspond to the estimated cointegration parameters.

According to (7), national inflation is a weighted average of sectoral

inflation rates

4p;=(1-8) apyy+8,apy; (7)

where §; is the share of non-tradables in consumption. The aggregate inflation
in EMU is a weighted average of the member countries’ inflation rates, and the
weights are the GDP shares, p;:

APy =2P; AP (15)

Solving (5°) for apy; , substituting it into (7°) and the resulting expressions for

national inflation into (15) we obtain the following expression for EMU

_43_



inflation:

4P£MU=ZPJ[ Ap?)'+8j(BQT}' Ady -Aq M’BWREL,:( Aw?}’AwNj))] (16

Finally, assuming without loss of generality that PPP holds in the tradable sector

so that ap;;=ap; in every country, the expression simplifies to:

apeyy=apr + ijﬁjmﬁ' Aqﬁ'AqM’BM(Awﬁ_AWNj)] (17)

These expressions are the basis for the simulation exercises. The parameters are
chosen as follows. p; is the actual share of each country’s GDP in EMU; the
share of non-tradables (3,) is computed from the data set. Growth in tradable and
non-tradable productivity and wages (g7 gy, wy wy) are their historical
averages. Finally, each Py, and B,s¢,; corresponds to the long-run cointegration
parameters in Table 2. The only unknown in (17) is Apy, since apgy, has been
set equal to 2%, so we solve for it. Then, non-tradable inflation Ap,, is obtained

from (5’). After that, national inflation rates are defined by (7°).

The results of the exercise appear in Table 3. In computations, we have
used average growth rates which refer to three different sample periods, defined
at the top of the table. First, averages for the whole sample for each country
were used. This is, however, somewhat arbitrary because the observation period
varies considerably from country to country. Second, we used data for the post-
1975 period. Third, the right hand side column in Table 3 applies to more recent
observations for the post-1985 period.

As far as the projected inflation rates are concerned, there are sizeable but
not dramatic differences between countries. Since the tradable goods inflation
is common, these inflation differentials are entirely due to divergences in the
non-tradable goods inflation. The latter is higher than the former without

exception.
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When full-sample data is used in this extended BS set-up, inflation ranges
from around 1.1% (Finland) to around 3.6% (Spain). When the longest sample
common to all countries (post-1975 period) is applied, Germany has the lowest
(1.3%) and Belgium the highest (3.1%) inflation. Finally, in a projection based
on the post-1985 period, Germany has the lowest (1.3%) inflation and Spain the
highest (3.5%).

To sum up, Germany, France and Austria are consistenly below the
average inflation, while Spain, Italy and Belgium are above the average. Finland
shifts depending on the period due to two reasons. First, severe economic
instability in the 1990s after the collapse of the Soviet Union plays an important
role in the post-1985 period. Second, in the latter half of the 1970s considerable
wage compression resulting from trade union actions generated exceptional

inflation pressures which dominate in simulations based on post-1975 data.

For completeness and comparison, simulations according to the standard
BS model were run despite the fact that this model was rejected by the data in
most countries. In this exercise we assume that relative wages play no role and
use the parameter values according to the standard BS model which appear in
the first column of Table 2. The results of this excer¢ise appear in Table A4 in
the Appendix. With Spain and the Netherlands as two exceptions, differences in
the country-specific inflation predictions are not very large in the two exercises

according to the two competing model specifications®

Table 3

22 Austria and Belgium cannot be considered in this comparison. In the

former, there are no data on relative wages. In the latter, relative wages are
stationary. When the two tables are compared, inflation varies in these countries
simply because tradable goods inflation for the whole area is different. In
France, wages in the non-tradable goods sector have tended to rise slightly
faster. On the other hand, after having introduced relative wages into the
extended BS model, the cointegration parameter B, increased (see Table Al and
A3). The final result is a slight reduction in the French inflation projection.
In Italy, where the non-tradable sector’s wages seem to have grown faster as
well, we do not observe this effect. This is probably because the magnitude of
the Bue-coefficient in Table A3 is considerably larger in Italy than in France.



Simulated annual inflation rates, %, in the country concerned,

according to the “extended” Balassa-Samuelson model:

APrej = BQ?}AqU' agy; - BWRELjA(WTj'WNj)

share Full post-1975 | post-1985
sample

3 ap [ apn | ap | apy | ap | apn

GERMANY 62 |17 25| 13| 17| 13 |18
'FRANCE 6 |15 |21 17] 23|16 |21

ITALY 68 |20 |28 | 24| 32|24 |33
SPAIN 68 36|51 | 31| 43 |35 |48

NETHERLANDS | .72 |21 |27 | 23| 29 |21 |28

BELGIUM 69 [31 |44 31| 43|27 |36

AUSTRIA 69 |15 |20 18] 24 | 15|20

FINLAND 62 |11 16| 24| 36| 15|21

EMU 20 |28 | 20| 27|20 |27

apy =04 ap; =05 | ap; =05

Memorandum item: In this exercise, relative productivities and relative wages have been
assumed to move as they have done within the period defined at the head of each column.
8, the share of non-tradables is according to the average of the last period. Values of the B-
coefficients come from the estimations reported in the Tables. The lowest and highest

inflation rates are in bold. The traded goods inflation, ap,, is restricted to be identical in all

countries which indicates that tie law of one price holds for traded goods.
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7.  CONCLUSIONS

This paper has explored the productivity hypothesis and its potential implications
for inflation differentials in EMU. The empirical examination has been based on
cointegration analysis of data on relative prices, relative productivities and
relative wages. The traditional or “standard” BS hypothesis establishes a well-
defined negative relationship between sectoral inflation differentials and relative
productivities. That theoretical set-up, however, requires that wage development

is uniform in the traded goods sector and in the non-traded goods sector.

We first test and reject the standard BS hypothesis in five out of eight
countries for which data is available. The countries in which the standard BS
model passes are Germany, Spain and Belgium. Although relative prices and
productivities are generally cointegrated and the relationship is negative, in most
cases the cointegrating vector is different from what the theoretical model
implies. On these occasions, "economic identification" is not achieved. Because
a formal test suggests that relative wages are not stationary and that sectoral
wage paths are not uniform, the BS model was extended by allowing relative
wages to enter. It turns out that relative prices, productivities and wages are
cointegrated with the expected signs and, furthermore, country-specific
cointegration vectors are in fi1ll accordance with the theoretical priors. Thus, the
extended BS model appears to be well well in accordance with the data.

In our view, this is an important result for two reasons. First, the
divergent behaviour of sectoral nominal wages has, as far as we are aware, not
been addressed in the literature on real exchange rates so far. Secondly, the fact
that the BS hypothesis generally holds only when taking into account relative

wages may shed new light on the underlying sources of inflation differentials.

The original writings by Balassa and Samuelson explained inflation
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differentials by real convergence between countries. In their neoclassical, full-
employment context, inflation differentials do not entail loss of competitiveness
and indeed they may actually be interpreted as benign since the underlying shifts
in relative prices should improve resource allocation. However, a less benevolent
interpretation of inflation differentials in monetary unions seems to adapt better
to the situation of high unemployment in Europe, caused by market rigidities.

Labour and product market real rigidities lead not only to sectoral
productivity differentials but also to losses in competitiveness which, in a
monetary union, cannot be corrected by a currency devaluation. It follows then,
that the adjustment is born by real variables. Actually, it is assumed in the
model that traded- goods inflation is common in all countries. This does not
necessarily mean that there are no competitiveness problems due to dual
inflation. On the one hand, non-traded goods are an important cost component
for the traded good sector. On the other hand, higher non-traded goods (service-
sector) inflation may generate wage pressures which affect both sectors.
Therefore, competitiveness problems may actually exist although they will not
show up in the ex post data. This happens when, for example, firms adjust their
workforce or capacity in order to maintain competitiveness, that is, to satisfy
PPP. This also happens when non-competitive firms go bankrupt and, as a

consequence, the average competitiveness of the prevailing enterprises rise.

The relative importance of rigidities in the behaviour of sectoral
productivity is not easy to identify and, in any case it falls beyond the scope of
this paper, but the rejection of wage homogeneity shows that the traditional BS
hypothesis does not hold. Thus, the tentative conclusion is that they are surely
relevant. Thus, in EMU, the PPP condition may imply costly real adjustments

in terms of output and unemployment.

The paper contains a simulation exercise based on the empirical analysis.

It allows us to give a positive, although qualified, answer to the question posed

—48_



in the title of the paper. Inflation differentials, due to productivity differentials,
may well emerge in EMU. The difference between the high-inflation countries
and low-inflation countries may reach around 2 percentage points in annual
terms. Because tradables inflation has been assumed to be common in all
countries, these differentials fully reflect differences in the non-traded goods

inflation in the countries concerned.

Despite the results of the exercise, inflation differentials should not be
taken for granted. The exercise extrapolates past trends, that is, it assumes that
EMU will have no effect on the adjustment mechanisms. However, EMU will
mean more competition both in the tradable and in the non-tradable sector. This
will surely have an impact on sectoral productivity, in particular if the
underlying source of productivity differencials are rigidities. The absence of the
nominal exchange rate as potential adjustment mechanism presumably influences
expectation formation. Because of this, the behaviour of agents and markets can
hardly remain unchanged because it will be acknowledge that wage pressures
and inefficient behaviour will have a larger real costs. All this means that our

results should be seen as an upper bound to inflation differentials in EMU.

The normative judgements on our results depend again on the underlying
sources of inflation differentials. If, as it is suspected, rigidities play a relevant
role in the existence of inflation differentials after EMU two suggestions for the
economic policy follow. First, governments can reduce problems related to
inflation differentials by enhancing productivity growth in the non-traded goods
sector. Secondly, governments should pursue structural policy (related to the
functioning of the labour market) which loosens sectoral wage-wage linkages
and reduces inflation pressures generated by excessive wage claims particularly
in the non-traded goods sector. Both measures would allow a better position to

face the new competitive environment.
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All in all, our work should be taken as a waming that inflation
dif ferentials may persist in EMU, due to real factors and market rigidities. The
consequences of these differentials for the management of the monetary union
are difficult to envisage beforehand, but the clear mandate for the ECB to
maintain price stability for the whole area should be a safeguard against these

risks®.

23 e-mail for correspondence: alberola@bde.es, timo.tyrvainen@aktia.fi
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Table A4
Simulated annual inflation rates, %, in the country concerned,

according to the “standard” Balassa-Samuelson model:

ADggy; = BQTquTj = AQ;

share | Full sample post-1975 post-1985-end

& ap apy ap apy ap APy

GERMANY .62 1.8 2.6 14 1.8 1.5 1.9

FRANCE .69 1.6 2.1 1.8 2.2 1.6 2.1
ITALY .68 23 3.1 2.6 34 2.7 3.6
SPAIN .68 2.7 3.7 24 3.2 2.7 3.7
NETHER 72 1.5 1.9 1.7 2.0 1.6 1.9

BELGIUM .69 34 4.7 33 4.5 29 39

AUSTRIA 69 17 | 23| 201 | 26 18 | 22

FINLAND 7 10| 12| 23| 33 14 | 18

EMU 20| 27| 20| 26| 20 2.6
apy = 0.6 apy = 0.7 ap; = 0.8

Memorandum item: In this exercise, relative productivities and relative wages have
been assumed to move as they have done within the period defined at the head of
each column. 8, the share of non-tradables in consumption takes the average values
of last periods. Values of the B-coefficients come from the estimations reported in
the Tables. The lowest and highest inflation rates are in bold. The traded goods
inflation, apy, is restricted to be identical in all countries which indicates that the law
of one price holds for traded goods.

_58 -



9525

9526

9527

9528
9529

9530

9531
9532

9601

9602

9603

9604

9605

9606

9607
9608

9609
9610

9611

9612

9613
9614
9615

WORKING PAPERS (1)

Aurora Alejano y Juan M.* Peiialosa: La integracién financiera de la economia espaiola:
efectos sobre los mercados financieros y la politica monetaria.

Ramén Gomez Salvador y Juan J. Dolado: Creacién y destrucciéon de empleo en Espaiia:
un andlisis descriptivo con datos de la CBBE.

Santiago Fernindez de Lis y Javier Santillan: Regimenes cambiarios e integracién moneta-
ria en Europa.

Gabriel Quirés: Mercados financieros alemanes.

Juan Ayuso Huertas: [s there a trade-off between exchange rate risk and interest rate risk?
(The Spanish original of this publication has the same number.)

Fernando Restoy: Determinantes de la curva de rendimientos: hipdtesis expectacional y
primas de riesgo.

Juan Ayuso and Maria Pérez Jurado: Devaluations and depreciation expectations in the EMS.

Paul Schulstad and Angel Serrat: An Empirical Examination of a Multilateral Target Zone
Model.

Juan Ayuso, Soledad Niiiiez and Maria Pérez-Jurado: Volatility in Spanish financial markets:
The recent experience.

Javier Andrés e Ignacio Hermando: ;C6émo afecta la inflacién al crecimiento econémico?
Evidencia para los paises de la OCDE.

Barbara Dluhosch: On the fate of newcomers in the European Union: Lessons from the
Spanish experience.

Santiago Ferndndez de Lis: Classifications of Central Banks by Autonomy: A comparative
analysis.

M.* Cruz Manzano Frias y Sofia Galmés Belmonte: Credit Institutions' Price Policies and
Type of Customer: Impact on the Monetary Transmission Mechanism. (The Spanish
original of this publication has the same number.)

Malte Kriiger: Speculation, Hedging and Intermediation in the Foreign Exchange Market.
Agustin Maravall: Short-Term Analysis of Macroeconomic Time Series.

Agustin Maravall and Christophe Planas: Estimation Error and the Specification of Un-
observed Component Models.

Agustin Maravall: Unobserved Components in Economic Time Series.

Matthew B. Canzoneri, Behzad Diba and Gwen Eudey: Trends in European Productivity
and Real Exchange Rates.

Francisco Alonso, Jorge Martinez Pagés y Maria Pérez Jurado: Weighted Monetary
Aggregates: an Empirical Approach. (The Spanish original of this publication has the same
number.)

Agustin Maravall and Daniel Peiia: Missing Observations and Additive Outliers in Time
Series Models.

Juan Ayuso and Juan L. Vega: An empirical analysis of the peseta’s exchange rate dynamics.
Juan Ayuso Huertas: Un andlisis empirico de los tipos de interés reales ex-ante en Espaiia.

Enrique Alberola Ila: Optimal exchange rate targets and macroeconomic stabilization.



9616

9617

9618

9619

9620
9621
9622
9623
9624
9625

9626

9627

9628
9629

9630

9631
9632
9633

9701

9702
9703
9704
9705

9706

A. Jorge Padilla, Samuel Bentolila and Juan J. Dolado: Wage bargaining in industries with
market power.

Juan J. Dolado and Francesc Marmol: Efficient estimation of cointegrating relationships
among higher order and fractionally integrated processes.

Juan J. Dolado y Ramén Gémez: La relacion entre vacantes y desempleo en Espaiia: per-
turbaciones agregadas y de reasignacion.

Alberto Cabrero and Juan Carlos Delrieu: Construction of a composite indicator for predicting
inflation in Spain. {The Spanish original of this publication has the same number.)

Una-Louise Bell: Adjustment costs,uncertainty and employment inertia.

M." de los Llanos Matea y Ana Valentina Regil: Indicadores de inflacion a corto plazo.
James Conklin: Computing value correspondencesfor repeated games with state variables.
James Conklin: The theory of sovereign debt and Spain under Philip II.

José Viiials and Juan F. Jimeno: Monetary Union and European unemployment.

Maria Jesis Nieto Carol: Central and Eastern European Financial Systems: Towards inte-
gration in the European Union.

Matthew B. Canzoneri, Javier Vallés and José Vinals: Do exchange rates move to address
international macroeconomic imbalances?

Enrique Alberola Ila: Integraciéon econdémica y unidén monetaria: el contraste entre Nor-
teamérica y Europa.

Victor Gémez and Agustin Maravall: Programs TRAMO and SEATS.

Javier Andrés, Ricardo Mestre y Javier Vallés: Un modelo estructural para el anilisis del
mecanismo de transmision monetaria: el caso espafiol.

Francisco Alonso y Juan Ayuso: Una estimacion de las primas de riesgo por inflacidn en el
caso espafiol.

Javier Santillan: Politica cambiaria y autonoraia del Banco Central.
Marcial Sudrez: Vocdbula (Notas sobre usos lingiiisticos).

Juan Ayuso and J. David Lopez-Salido: What does consumption tell us about inflation
expectations and real interest rates?

Victor Gomez, Agustin Maravall and Daniel Pefia: Missing observations in ARIMA mo-
dels: Skipping strategy versus outlier approach.

José Ranén Martinez Resano: Los contratos DIFF y el tipo de cambio.
Gabriel Quirés Romero: Una valoracién comparativa del mercado espaiiol de deuda publica.
Agustin Maravall: Two discussions on new seasonal adjustment methods.

J. David Lopez-Salido y Pilar Velilla: La dindmica de los mdrgenes en Espafia (Una primera
aproximacion con datos agregados).

Javier Andrés and Ignacio Hernando: Does inflation harm economic growth? Evidence for
the OECD.



9707

9708
9709
9710

9711
9712

9713

9714
9715

9716

9717

9718
9719

9721

9722

9723

9724

9725

9726

9727

9728

Marga Peeters: Does demand and price uncertainty affect Belgian and Spanish corporate
investment?

Jeffrey Franks: Labor market policies and unemployment dynamics in Spain.
José Ramén Martinez Resano: L.os mercados de derivados y el euro.

Juan Ayuso and J. David Lépez-Salido: Are ex-post real interest rates a good proxy for
ex-ante real rates? An international comparison within a CCAPM framework.

Ana Buisian y Miguel Pérez: Un indicador de gasto en construccion para la economia espaiiola.

Juan J. Dolado, J. David Lépez-Salido and Juan Luis Vega: Spanish unemployment and in-
flation persistence: Are there phillips trade-offs?

José M. Gonzilez Minguez: The balance-sheet transmission channel of monetary policy:
The cases of Germany and Spain.

OlympiaBover: Cambios en la composicion del empleo y actividad laboral femenina.

Francisco de Castro and Alfonso Novales: The joint dynamics of spot and forward exchange
rates.

Juan Carlos Caballero, Jorge Martinez y M. Teresa Sastre: La utilizacion de los indices de
condiciones monetarias desde la perspectiva de un banco central.

José Vinals y Juan F. Jimeno: EI mercado de trabajo espafiol y la Unién Econémica y Mo-
netaria Europea.

Samuel Bentolila: La inmovilidad del trabajo en las regiones espaiiolas.

Enrique Alberola, Juan Ayuso and J. David Lépez-Salido: When may peseta depreciations
fuel inflation?

José M. Gonzilez Minguez: The back calculation of nominal historical series after the intro-
duction of the european currency (An application to the GDP).

Una-Louise Bell: A Comparative Analysis of the Aggregate Matching Process in France,
Great Britain and Spain.

Francisco Alonso Sinchez, Juan Ayuso Huertas y Jorge Martinez Pagés: El poder predictivo
de los tipos de interés sobre la tasa de inflacion espafiola.

Isabel Argimén, Concha Artola y José Manuel Gonzilez-Paramo: Empresa publica y em-
presa privada: titularidad y eficiencia relativa.

Enrique Alberola and Pierfederico Asdrubali: How do countries smooth regional disturban-
ces? Risksharing in Spain: 1973-1993.

Enrique Alberola, José Manuel Marqués and Alicia Sanchis: Unemployment persistence,
Central Bank independence and inflation performance in the OECD countries. (The Spa-
nish original of this publication has the same number.)

Francisco Alonso, Juan Ayuso and Jorge Martinez Pagés: How informative are financial as-
set prices in Spain?

Javier Andrés, Ricardo Mestre and Javier Vallés: Monetary policy and exchange rate dyna-
mics in the Spanish economy.

Juan J. Dolado, José M. Gonzilez-Paramo y José Viiials: A cost-benefit analysis of going
from low inflation to price stability in Spain.



9801

9802
9803

9804
9805
9806

9807

9808
9809

9810

9811

9812

9813

9814

9815

9816

9817

9818

9819
9820

9821
9822

9823

Angel Estrada, Pilar Garcia Perea, Alberto Urtasun y Jesis Briones: Indicadores de pre-
cios, costes y mdrgenes en las diversas ramas productivas.

Pilar Alvarez Canal: Evolucién de la banca extranjera en el periodo 1992-1996.

Angel Estrada y Alberto Urtasun: Cuantificacién de expectativas a partir de las encuestas
de opinién.

Soyoung Kim: Monetary Policy Rules and Business Cycles.

Victor Gomez and Agustin Maravall: Guide for using the programs TRAMO and SEATS.

Javier Andrés, Ignacio Hernando and J. David Lépez-Salido: Disinflation. output and
unemployment: the case of Spain.

Olympia Bover, Pilar Garcia-Perea and Pedro Portugal: A comparative study of the Por-
tuguese and Spanish labour markets.

Victor Gémez and Agustin Maravall: Automatic modeling methods for univariate series.

Victor Gémez and Agustin Maravall: Seasonal adjustment and signal extraction in econo-
mic time series.

Pablo Hernindez de Cos e Ignacio Hernando: El crédito comercial en las emprcsas manu-
factureras espaiiolas.

Soyoung Kim: Identifying European Monetary Policy Interactions: French and Spanish Sys-
tem with German Variables.

Juan Ayuso, Roberto Blanco y Alicia Sanchis: Una clasificacion per riesgo de los fondos
de inversion espaiioles.

José Viiials: The retreat of inflation and the making of monetary policy: where do we
stand?

Juan Ayuso, Graciela L. Kaminsky and David Lépez-Salido: A switching-regime mode] for
the Spanish inflation: 1962-1997.

Roberto Blanco: Transmision de informacion y volatilidad entre el mercado de futuros so-
bre el indice Ibex 35 y el mercado al contado.

M.? Cruz Manzano and Isabel Sanchez: Indicators of short-term interest rate expectations.
The information contained in the options market. (The Spanish original of this publication
has the same number.)

Alberto Cabrero, José Luis Escriva, Emilio Muiioz and Juan Pefnalosa: The controllability
of a monetary aggregate in EMU.

José M. Gonzilez Minguez y Javier Santillian Fraile: El papel del euro en el Sistema Mo-
netario Internacional.

Eva Ortega: The Spanish business cycle and its relationship to Europe.

Eva Ortega: Comparing Evaluation Methodologies for Stochastic Dynamic General Equi-
librium Models.

Eva Ortega: Assessing the fit of simulated multivariate dynamic models.

Coral Garcia y Esther Gordo: Funciones trimestrales de exportacién e importacion para la
economia espanola.

Enrique Alberola-Iia and Timo Tyrviinen: Is there scope for inflation differentials in
EMU? An empirical evaluation of the Balassa-Samuelson model in EMU countries.

(1) Previousty published Working Papers are listed in the Banco de Espaiia publications catalogue.

Queries should be addressed to: Banco de Espana
Seccion de Publicaciones. Negociado de Distribucion y Gestion
Telephone: 91 338 5180
Alcala, 50. 28014 Madrid




