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1 Introduction

Euro area member states that experienced stronger interest rate declines before the in-
troduction of the common monetary policy were hit harder by the recent euro crisis. In
particular, as is shown in Figure [I| these countries faced sharper adjustments of their
trade balances combined with larger declines of potential output per capita and of output
growth. This pattern suggests that the convergence of countries’ interest rates did not
coincide with an equal convergence of their macroeconomic fundamentals. Motivated by
this observation, we first discuss which economic fundamentals would need to converge if
the common monetary policy in a currency union is to be optimal for all member states,
and then examine whether this convergence has taken place in the euro area.

One common interpretation of economic convergence is the process where low-income
countries catch-up with high-income ones (e.g., Barro and Sala-i-Martin (2002)). This
process implies that countries with relatively low potential output per capita have relatively
high trade deficits and output growth rates. According to several authors (e.g., Buti and
Sapir (1998)), the common currency would facilitate such catching—upﬂ However, a recent
analysis by the European Central Bank (2015) shows that catching-up amongst member
states of the euro area has been much weaker than amongst countries elsewhere in the
European Union.

Using a simple conceptual framework inspired by the open economy model of Gali
and Monacelli (2005), we show that within a currency union, macroeconomic differences
between member states related to catch-up effects may also lead to differences between

their optimal monetary policy interest rates. For example, differences between member

LA common view was that balances-of-payments of individual euro area member states would become
as irrelevant as among regions within a country (e.g., Blanchard and Giavazzi (2002)). Yet the euro crisis
has challenged this view (e.g., Holinski, Kool, and Muysken (2012) and Merler and Pisani-Ferry (2012)).
Mongelli and Wyplosz (2008) argue that the divergence of trade balances in the euro area may reflect
the ‘Walters critique’, which states that a common monetary policy in a currency union has different real
effects in member states with different inflation rates.
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Figure 1: Interest rate convergence and the euro crisis. Note: interest rate convergence is measured as the
absolute value of the percentage point change in the nominal 3-month money market interest rate during
the two years preceding euro area membership (Greece joined in 2001 and the other countries joined in
1999). The depth of the euro crisis is measured as average pre-crisis (1999Q1-2009Q4, and 2001Q1-2009Q4
for Greece) minus average post-crisis (2010Q1-2015Q4) potential output per capita, output growth, and
the trade balance (the latter with inverted y-axis, as a larger improvement of the trade balance implies a
deeper crisis). Section 4 describes the data in more detail. Trend lines are fitted using OLS.
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states’ potential output per capita can give rise to differences between their natural rates
of interest, in which case a common monetary policy can end up being restrictive for some
member states while being expansionary for others.ﬂ We provide some empirical support for
this theoretical result by showing that before countries joined the euro area, cross-country
differences with respect to i) potential output per capita, ii) output growth rates and iii)
trade balances can reasonably well account for cross-country differences in interest rates.
Hence, a common monetary policy interest rate may only be optimal for all individual
member states of a currency union once catching-up processes have been completed. Our
empirical analysis therefore examines to what extent euro area member states differ in
terms of potential output per capita, output growth rates, and trade balances. To reflect
that such differences may pose a problem when implementing a common monetary policy,
we refer to them as ‘imbalances’F]

To examine imbalances in euro area member states during the 1999Q1-2015Q4 time
period, we adapt one of the measures that Mink, Jacobs and De Haan (2012) propose to
analyze the similarity of business cycles. The flexible empirical approach put forward by
these authors allows us to measure imbalances at the level of individual member states as
well as at the level of the euro area as a whole, both on a per-observation basis.

Our main findings can be summarized as follows. First, output growth imbalances in the
euro area seem relatively modest, but imbalances for the trade balance and, particularly, for
potential output per capita are considerably larger. While imbalances for the trade balance
are currently about as high as at the start of the euro area, imbalances for potential output

have grown substantially over time. Second, member states having one type of imbalance

2The empirical work by Laubach and Williams (2003) shows that the natural rate of interest depends
on trend output growth, which Barro and Sala-i-Martin (2002) show is typically higher in countries with
lower potential output per capita.

3Note that this definition implies that if all member states of a currency union face the same trade
deficit, there is no ‘imbalance’ between them. Our definition of an imbalance thereby focuses on whether
member states’ macroeconomic developments are sufficiently similar to implement a common monetary
policy, rather than on whether macroeconomic developments in individual member states are sustainable.



have larger imbalances of the other two types as well, but there is no such correlation in the
time dimension. In other words, a decline of one imbalance does not necessarily coincide
with a decline of the others. Third, imbalances are fairly persistent over time, so that
the core-periphery structure of the euro area has remained largely unchanged after the
introduction of the euro. For all three macroeconomic variables examined, relatively large
imbalances exist in Greece, Ireland, Portugal and Spain. Fourth, imbalances are larger in
member states with lower potential output per capita and a smaller population size. This
result implies that imbalances and their adjustment may place a relatively large burden
on poorer and smaller member states.

The issue of the optimality of a common monetary policy has been raised before in the
empirical literature on optimum currency areas, which focused on the synchronization of
shocks and business cycles (see De Haan, Inklaar and Jong-a-Pin (2008) for a survey). In
their seminal paper, Bayoumi and Eichengreen (1993) show that before the start of the euro
area there was a core of countries where shocks are highly synchronized, and a periphery
where synchronization is significantly lower. In their update of the Bayoumi-Eichengreen
study, Campos and Macchiarelli (2016) reach more optimistic conclusions. Using the same
estimation methodology, sample of countries, and number of time periods, they study the
1989-2015 period and conclude that the core-periphery pattern has weakened. Likewise,
following Frankel and Rose (1998), some studies suggest that business cycles within the
euro area have become more synchronized due to increasing trade relationshipsﬁ However,
our analysis shows that when examining the optimality of a common monetary policy in

a currency union, the synchronization of business cycles (which is closely related to our

4Initial studies indicated that this increase in trade relationships would be considerable (e.g., Rose
(2000)). Since then, estimates of the effect of the euro area on trade have become much smaller and more
uncertain (e.g., Berger and Nitsch (2008) and Glick and Rose (2015)), although Rose (2016) shows that
larger estimates are obtained if more countries and years are included in the sample. Inklaar, Jong-a-Pin
and De Haan (2008) find that the positive impact of trade on business cycle synchronization is smaller than
previously reported, but Géchter and Riedl (2014) conclude that the adoption of the euro has increased
the synchronization of business cycles above and beyond the effect of higher trade integration.



concept of output growth imbalances) is only part of the storyE] More broadly, our analysis
contributes to the literature on the euro crisis as discussed by Gibson, Palivos and Tavlas
(2014) and De Haan, Hessel and Gilbert (2014).

The remainder of the paper is organized as follows. Section 2 outlines a simple concep-
tual framework of imbalances, Section 3 discusses our measurement approach, Section 4

describes the data, and Section 5 presents our empirical results. The final section concludes.

2 Conceptual framework

Our empirical analysis of imbalances between euro area member states focuses on three
key macroeconomic quantities: potential output per capita, output growth rates, and trade
balances. This section shows that this selection is consistent with a simple conceptual
framework that focuses on how economic differences between euro area member countries
can hamper the successful implementation of a common monetary policy. This framework
is inspired by the open economy model of Gali and Monacelli’s (2005), in which country

1’s optimal monetary policy interest rate is:
Tl = QT+ Qurt + T, (1)

where r! is country i’s optimal nominal policy interest rate at time ¢, w¢ is inflation,
z! =yl — 7! is the output gap, defined as the (logarithmic) deviation of per capita output y;
from its potential value g, 7 is the natural rate of interest, and with parameters ¢,, ¢, > 0.
As shown by Curdia, Ferrero, Ng and Tambalotti (2015), this type of interest rate rule also
quite accurately describes monetary policy decisions in practice.

After country ¢ joins the euro area, its monetary policy interest rate is set by the

°De Grauwe and Mongelli (2005) and Estrada, Gali and Lopez-Salido (2013) also focus on a larger set of
variables when assessing euro area economic convergence. The former authors were moderately optimistic,
but like the present paper the latter authors identify substantial divergences as well.



European Central Bank. If this policy interest rate is to be optimal for the euro area as a
whole as well as for country 7 individually, it has to be the case that r{ = r*. Using ,

this equality can be written as:
On(m — ) + dul@) — @) + (7, — 7") = 0. (2)

The analysis in Gali and Monacelli (2005) shows that this condition can be expressed in
terms of the same three variables that are the focus of our empirical analysis. Firstly, the
natural rate of interest 7¢ in Galf and Monacelli (2005) is a function of potential output, in
such a way that we can write 7 —7¢ = —¢; (7 —5?), with reduced form parameter ¢; > 0]
This relationship implies that in the cross-section of countries, those with potential output
per capita below the euro area aggregate have a higher natural rate of interest. Substituting

this relationship in yields:

(bﬂ(ﬂ-; - 7Tt€a> + (Zﬁx(l’; - I?L) - %(ﬂz - gtea) =0. (3)

This expression highlights that even if cyclical fluctuations in country i’s output and in-
flation are identical to those for the euro area as a whole, so that the first two terms of
the equality are equal to zero, differences between potential output levels may still cause
countries to require different monetary policy interest rates.

Secondly, the difference between inflation rates in (3]) can be written as a function of the
difference between output growth rates, with (logarithmic) output growth being defined

as Ayl = y¢ —y!_,. In particular, the model by Gali and Monacelli (2005) implies that

6More specifically, Gali and Monacelli’s (2005) expression (37) describes country i’s natural rate of
interest as a function of worldwide output growth, the rate of time preference, and i’s productivity. Their
expression (35) can then be used to replace i’s productivity by i’s potential output. As worldwide output
growth and the rate of time preference are the same across countries, differences between natural rates of
interest can therefore be written as a function of differences between potential output, which yields the
relationship in the main text.



O (mi—me") = —¢' (Ayi—Ayg®), with reduced form parameter ¢’ > 0[] Those countries with
a higher output growth rate will thus also experience higher inflation. Thirdly, the model
allows us to write differences between output levels as a function of differences between
trade balances na?, using the reduced form relationship ¢, (y: —y5%) = ¢ (na! —naf®), with
¢ > O. This relationship implies that countries with per capita output above the euro

area aggregate have a higher trade balance. Using this result after substituting ! = i — !

into yields:

"o, _;

— ¢ (Ay; — Ayf™) + ¢ (na) —naf®) — ¢ (g, — 55*) = 0, (4)

where ¢” = ¢y + @g. This result does not imply any causal relationship, in one direction or
the other, between optimal monetary policy interest rates and potential output per capita,

output growth rates, and the trade balance. However, it does illustrate that if:

Ay, — Ayi* = 0, (5)
nr, —nri® = 0, (6)
g; - gftl = 07 (7)

the policy interest rate that is optimal for the euro area as a whole is also optimal for its

individual member states. In this case, the European Central Bank can set its interest rate

"This result uses Gal{ and Monacelli’s (2005) expression (29) to write country i’s output growth as a
function of worldwide output growth and of the change in country i’s terms of trade. Worldwide output
growth is the same for all countries, and changes in the terms of trade, as follows from the authors’
expression (15), depend on country i’s inflation, on worldwide inflation, and on changes in country ’s
exchange rate. These last two variables are the same for all countries if they share a common currency,
which yields the reduced form expression in the main text that relates output growth differences between
countries to differences between their inflation rates.

8This result again reflects Galf and Monacelli’s (2005) expression (29), which relates country i’s output
to worldwide output and to country i’s terms of trade. With worldwide output being the same for all
countries, using the authors’ expression (31) to relate the terms of trade to the trade balance suffices to
write differences between output levels as a function of differences between trade balances. This yields the
reduced form relationship in the main text.
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Figure 2: Interest rates before monetary unification. Note: the horizontal axis displays the 3-month
nominal interest rate in the year before a country joined the euro area (which they all did in 1999, except
for Greece which joined in 2001). The vertical axis displays the fitted value obtained from a robust
least squares regression of the cross-section of interest rates on the contemporaneously observed values for
potential output per capita, output growth rates, and trade balances (using robust least squares takes into
account that Greece clearly is an outlier). A dashed 45-degree line is displayed as well.

at this optimal level, thereby ensuring that its monetary policy suits all euro area member
states. By contrast, if these equalities do not hold, optimal monetary policy interest rates
may differ across countries. Figure [2| provides some empirical support for this notion, by
showing that the variation in interest rates across member states before the introduction
of the euro is reasonably well explained by the variation in their potential output per

capita, output growth rates, and trade balances. Our empirical analysis therefore focuses

on deviations from equalities — within the euro area.

3 Measuring imbalances

To measure the imbalance for a variable z; across N > 2 euro area member states, we adapt

the business cycle similarity measure proposed by Mink, Jacobs and De Haan (2012) and



calculate:

N
1 )
I = N E |z — 27|, with z = Ay, nx,y (8)
i=1

where z;* is the reference value for the euro area as a whole, calculated as the median
value of z{ in the N euro area member states. This imbalance measure is equal to the
cross-country average of imbalances at the individual country level, which we calculate
as [ i,t = |2{ — 2¢*|. The euro area imbalance I <% is at its minimum value of 0 if 2’s are
identical across all N member states. Higher values indicate that imbalances observed at
time t are larger. One of the advantages of this measure is that it can be calculated at
each point in time rather than that it needs to be calculated for a longer sample period.

Consequently, the variation of imbalances in the cross-section of countries can be analyzed

separately from the variation of imbalances over time.

4 Data

We use time series for the growth rate of output Ay, the trade balance as a percentage of
output nx, and potential output per capita . The data for output growth and the trade
balance are from Eurostat, the data for potential output has been obtained from the Eu-
ropean Commission’s Ameco Database. Our sample consists of Austria, Belgium, Finland,
France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, and Spain. For each of
these countries, time series data are available for the period 1999Q1 to 2015Q4. Data on
output growth and the trade balance are available at a quarterly frequency. However, data
for potential output is only available on an annual basis, so that we linearly interpolated
the series to obtain data at a quarterly frequencyﬂ

Figures |3| to 5| show the development of our three key variables over time. The blue

9We normalized potential output per capita such that its average over all euro area inhabitants and all
time periods is equal to 100.



lines indicate the time series for each individual country, while the red line indicates the
euro area reference (i.e., the cross-country median, as discussed above). Figure [3| shows
that Greece, Italy, Portugal, and Spain have relatively low potential output. With respect
to output growth rates, Figure 4| shows that especially Greece and Ireland differ frequently
from the euro area reference. Finally, Figure |5 shows countries’ trade balances, which tend
to be relatively low in Greece, Portugal, and Spain, while they tend to be relatively high

in Finland, Ireland, the Netherlands, and Germany.

5 Empirical analysis

We next examine how imbalances within the euro area evolved since the start of the
currency union. Thereafter, we analyze to what extent imbalances are related in both the
country and the time dimension. Finally we focus on the persistence of imbalances and

the characteristics of countries where imbalances are relatively large.

5.1 Are imbalances large?

Figure [6] displays imbalances at the level of the euro area as a whole, calculated using the
measure [24 in . The underlying imbalances for individual member states, calculated

using the measure I ,,

are shown in Appendix A. The graph in the top panel in Figure@
shows that potential output imbalances within the euro area increased considerably. The
imbalance value of 22 in 2015 is quite high, as potential output per capita averaged over all
euro area inhabitants and time periods was normalized to equal 100. This result illustrates
that poorer member states have not been catching-up with richer ones.

The graph in the middle of Figure [6] shows that euro area imbalances in output growth
declined somewhat after the start of the currency union, but the financial crisis in 2007

caused imbalances to increase substantially. This result reflects that the recession following

10
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the crisis affected some countries much harder than others. More recently, output growth
imbalances have come down, so that nowadays they are about as large as at the start of
the euro area. Overall, there is no strong evidence for a downward trend in output growth
imbalances over time.

The graph in the panel at the bottom in Figure [6] shows that trade imbalances were
already high at the start of the currency union and increased further during the first years
thereafter. The large trade deficits of some countries increased their external indebtedness,
which proved unsustainable during the euro crisis. Since then, trade imbalances have
started to decrease, which is mainly due to adjustments in Greece, Portugal, and Spain
as shown by Figure [5| By contrast, trade balances for Ireland and the Netherlands have
consistently been above the euro area reference.

In order to compare the relative magnitude of the imbalances shown in Figure [6] we
convert the three imbalance measures to the same scale by calculating the absolute values
of all quarterly changes in an imbalance measure over the 1999Q1-2015Q4 period, and then
divide the level of the imbalance at the end of the sample by the average of these absolute
values. This way, we obtain an indicator of how much time it would take for a current
imbalance to become equal to zero in the hypothetical case that it would from now on
decline every quarter by an amount equal to the typical change in the imbalance observed
in the past. Accordingly, output growth imbalances would become equal to zero in just
a little more than one year from now. Imbalances for the trade balance, however, would
become equal to zero more than eleven years from now, while potential output imbalances
would become equal to zero after almost forty-three years. Viewed this way, imbalances in
potential output and in trade balances seem to be particularly large, while those in output
growth rates seem relatively modest.

It has been argued that the currency union would help poorer member states to catch-

up with richer ones. For instance, according to Buti and Sapir (1998), a “single European

15



currency has the advantage of reducing transaction costs on goods and factor markets
between participating countries. This effect will turn out higher in the peripheral Member
States than in the core Member States and will, if accompanied by sound economic policies,
favour the process of income convergence.” A catch-up process implies that countries with
lower potential output levels have higher trade deficits and higher output growth rates (e.g.,
Blanchard and Giavazzi (2002)). Figure [7|shows that there has been no such patter in the
euro area: member states with lower potential output experienced lower trade balances,
but these lower trade balances were associated with lower (rather than higher) output
growth rates. Consequently, potential output differences in the euro area have consistently

grown over time, as was illustrated by the graph in the top panel of Figure [6]

5.2 Are imbalances related?

Figure [§] shows that all three types of imbalances are positively related in the country
dimension. The graph in the top panel in the figure shows that countries with a small
output growth imbalance also tend to have a small imbalance for the trade balance. The
graph in the panel in the middle shows that a similar positive relationship exists between
potential output imbalances and imbalances for the trade balance, while the graph in the
bottom panel of the figure displays such a relationship for output growth imbalances and
potential output imbalances. Hence, countries that do well in terms of one imbalance
measure also tend to do well in terms of the two others.

Figure |8 might suggest that policymakers do not face difficult trade-offs in reducing
imbalances within the euro area, as redressing one imbalance may also help reducing others.
Unfortunately, this conclusion turns out too good to be true. As Figure [J] shows, the
positive relationship between imbalances that holds in the country dimension does not
hold in the time dimension. That is, quarters associated with low imbalances of one type

are not associated with low imbalances of the other two types. This result suggests that

16
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a reduction of one type of imbalance within the euro area may coincide with an increase
in another type of imbalance. Needless to say, such a relationship would complicate policy

makers’ efforts to achieve an overall reduction of imbalances within the area.

5.3 Are imbalances persistent?

The results so far suggest that there is no strong tendency for imbalances in the euro area
to decline since the start of the currency union. This observation is confirmed by Figure
[10, which relates countries’ imbalances in 1998, i.e., in the year before the introduction of
the euro, to their imbalances during the years thereafter. The figure shows that countries
which entered the monetary union with relatively large imbalances had higher imbalances
thereafter as well. Moreover, the graphs confirm the common view that the euro area
‘periphery’ is comprised of Greece, Ireland, Portugal, and Spain (i.e., the GIPS), as these
countries are in the top five of member states with the highest imbalance for each of the

three macroeconomic variables.

5.3.1 Imbalances are larger in poorer member states

One country characteristic that is associated with larger imbalances is initial potential
output per capita. As is shown by Figure [11] countries with lower potential output at
the start of the euro area had higher imbalances during the period thereafter. As such
imbalances may imply that these countries require a different monetary policy interest rate
than the euro area as a whole, the common monetary policy could have been less optimal
for poorer member states. On a more positive note, the figure suggests that if poorer
countries’ are able to increase their potential output levels, for instance by introducing

structural reforms, this may reduce their other imbalances as well.

19



Output growth vs. Trade balance
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Figure 9: Relationship between imbalances over time. Note: the graphs indicate to what extent quarters
characterized by higher imbalances of one type are characterized by higher imbalances of the other two
types as well.
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5.3.2 Imbalances are larger in smaller member states

Country size does not play a role in any of our imbalances measures (our variables are
expressed in per-capita terms or as percentages of output levels, and the cross-country
median values used to calculate the imbalance measures do not depend on country size
either). Still, Figure [12{ shows that countries with a smaller population size in 1998 tended
to have larger imbalances thereafter. This observation may reflect that economic develop-
ments in a large country such as Germany have a larger impact on other member states
than economic developments in a small country such as Greece. But if countries’ indi-
vidual imbalances are indeed associated with a time-invariant factor such as population
size, reducing imbalances in the euro area may prove to be a difficult task which places a

relatively large burden on smaller member states.

6 Conclusion

Since the euro area was established in 1999, there have been considerable differences be-
tween its member states with respect to i) potential output per capita, ii) output growth
rates, and iii) trade balances. While such imbalances are typically associated with low-
income countries catching-up with richer ones, we show that in a currency union they
may also undermine the optimality of a common monetary policy for individual member
states. Imbalances in the euro area are the largest for potential output per capita and for
trade balances, while output growth imbalances have generally been more modest. When
member states have larger imbalances of one type they also tend to have larger imbalances
of both other types, but a decline of one imbalance need not coincide with a decline of
the others. All three types of imbalances have been especially large in Greece, Ireland,
Portugal, and Spain. Moreover, imbalances tend to be fairly persistent, and are larger

in member states which have a lower level of potential output per capita and a smaller
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population size. This finding suggests that the common monetary policy may have been
less optimal for poorer and smaller member states.

One question raised by our analysis is whether the catching-up of poorer euro area
member states with richer ones is hampered by the common monetary policy. The Eu-
ropean Central Bank (2015) shows that catch-up processes in the euro area were much
weaker than elsewhere in the European Union. Our analysis suggests that the negative
consequences of such catching-up for the optimality of a common monetary policy may
be related to this difference. For example, if poorer euro area member states which grow
faster due to catching-up have a higher natural rate of interest, the common monetary
policy interest rate is likely to be too low for them. These low interest rates may, in turn,
affect their growth potential. For instance, Férnandez-Villaverde, Garicano and Santos
(2013) show that the associated capital inflows may cause countries to postpone struc-
tural reforms that would enhance productivity. Benigno and Fornaro (2014) and Gilbert
and Pool (2016) show that such inflows may trigger a consumption boom and a realloca-
tion of resources to the less productive non-tradables sector. Gopinath, Kalemli-Ozcan,
Karabarbounis and Villegas-Sanchez (2016), in addition, show that these capital inflows
may reduce total factor productivity by being misallocated toward firms that have higher
net worth but are not necessarily more productive. It remains an open question to what
extent the consequences of the euro area’s imbalances for the optimality of its common
monetary policy may explain the different catch-up processes inside and outside the euro

area. This we leave for future research.
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A Imbalances by country over time
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Figure A.1: National potential output imbalances. Note: the graphs indicate the development over time
of potential output imbalances for individual countries.
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