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The inception of the euro allowed countries from the periphery to
experience a large fall in the cost of borrowing. Lower nominal rates were only
partially offset by lower inflation rates. We rationalize this real interest rate
reversal using a two-region model of a monetary union where, consistently
with real interest rate data, discount factors are initially heterogeneous, leading
the periphery to be borrowing-constrained. We model the inception of the
euro as a partial convergence process in inflation rates and a slow rise in the
discount factor of the periphery, relaxing the borrowing constraint. This simple
set-up accounts for the bulk of post-euro fluctuations in both regions. In
particular, it replicates very well the observed joint dynamics of current
accounts and terms of trade.

Keywords: Monetary union, inflation convergence, current account imbalances, borrowing constraints.

1. Introduction

The inception of the euro and its consequences have been the
subject of many studies in the literature. The subject has gained a
dramatic importance once European countries were hit by the 2009
crisis. This paper proposes a new theoretical perspective on the origins
of the euro area imbalances in the aftermath of the inception of the
euro, with a focus on the pre-2009 period.

A key question of the literature is the source of intra-EMU imbal-
ances that were observed after the common currency was adopted.
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Those are measured by current account surpluses in core countries,
deficits in the periphery, as well as real exchange rate divergence.
Among the explanations proposed so far, we find the growth catch-up
assumption coupled with financial integration — perspectives of future
growth in peripheric countries that started with a lower level of GDP
per capita borrow from abroad to sustain investment (Blanchard and
Giavazzi, 2002). We also find various sources of capital misallocation:
credit market imperfections (Sy (2016)), size-dependent borrowing
constraints at the firm level (Gopinath, Kalemli ; Ozcan, Karabarbounis,
and Villegas-Sanchez, 2017), bubbles (Lourenco and Rodrigues
(2015)), heterogeneity in the banking sector (Ozhan (2020)), gener-
ating changes in competitiveness and current account deficits. The
structure of trade outside the euro area has also been invoked (Chen,
Milesi-Ferretti, and Tressel, 2012). More recently, Siena (2021) uses an
estimated DGSE model to show that the Euro triggered an anticipation
of narrowing interest rate spreads in the future and that anticipation
effects matter in the building-up of imbalances.

In this paper, we show that a relatively simple two-region model of
a monetary union matches the data pretty well through a main driver:
a decreasing real interest rates in the periphery along with a relatively
constant real rate in the core region.! In the data, this movement
appears to be driven by two forces: the advent of a much smaller
nominal rate in the periphery — the rate applied by the ECB simply
followed the pre-euro level applied by central banks in the core
region — and a partial convergence in inflation rates (see Section 2 on
Figure 1). We introduce pre-euro heterogeneity in real rates (and hence
discount factors) through a simple borrowing constraint by which
households in the periphery can not borrow as much as desired given
the wedge between the subjective real interest rate and the effective
real rate.

We rationalize the inception of the euro as a partial convergence
process in inflation rates along with a slow-moving discount factor
shock in the peripheric region. This minimal set of driving forces
already produces effects that are qualitatively consistent with the
observed post-euro dynamics in both regions, and of the right order of
magnitude. It produces a large investment boom in the periphery,

1. Our model is relatively close to Rubio (2018), although we use it for a different purpose and in a
different context.
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associated with a large and persistent current account deficit and a fall
in competitiveness — a rise in the relative price of traded goods. Adding
TFP and government spending shocks as additional drivers helps
improve the fit with the data. Our main conclusion however is that the
bulk of macroeconomic dynamics observed after the euro is the equi-
librium result of the interaction between relaxed borrowing constraints
in the periphery and the adoption of a monetary policy set-up
featuring lower nominal rates in the periphery and partial inflation
convergence. Given the structural heterogeneity that characterized the
euro area before the euro, the building-up of imbalances within the
euro area emerges as an equilibrium outcome.

The full model features two regions, capital accumulation, incom-
plete international financial markets, trade in final goods, sticky prices
and a constraint on foreign borrowing. The purpose of the latter is
mostly to allow for heterogeneity in subjective discount factors in the
initial steady state, as it becomes and remains slack as soon as the euro
is introduced. Additional sources of ex-ante heterogeneity are consid-
ered: region size, the relative levels of TFP, the shares of government
spending in GDP, and the steady-state levels of inflation. Within this
framework, we introduce a convergence process that captures key
features of the post-euro period: a stability of the union-wide nominal
interest rate — aligned on the pre-euro levels of the core region, a
partial convergence of steady-state inflation rates and a slow rise in the
subjective discount factor of households in the periphery — to be
consistent with post-transition levels of the nominal interest rate and
the inflation rate. These convergence processes are calibrated on
observed pre- and post-EMU data both for the core region and for the
periphery.

We simulate the model with the convergence processes along with
the observed levels TFP and shares of government spending in GDP.
The model fits quite well the observed dynamics of output, investment,
consumption, current account and terms of trade. In particular, the
dynamics of private investment is correctly reproduced in both regions.
The dynamics of GDP in the core region, the joint dynamics of current
accounts and the rise in terms of trade — i.e. the loss of competitiveness
of the periphery — are also particularly well accounted for. Removing
TFP and government spending shocks further suggests that the results
are quantitatively different but qualitatively similar, as most features
observed in the data before 2008 are qualitatively preserved. In addi-
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tion, a counterfactual experiment featuring a full convergence process
in inflation rates suggests that the partial nature of inflation conver-
gence plays a crucial role. More especially, had inflation in the
periphery converged to the steady-state value of the core region,
current account imbalances would have been substantially reduced
and the deterioration of competitiveness in the periphery would have
been close to zero.

Our baseline simulation also accounts for the bulk of fluctuations
observed in the core region after 2008. However, fluctuations observed
in the periphery after 2008 and 2011 are not well reproduced, as we
abstract from several key ingredients such as banking frictions or sover-
eign default risk. Our results suggest that the bulk of post-EMU
imbalances are the result of the inception of the euro that (i) lowered
nominal rates in the periphery and (ii) did not foster a full convergence
of inflation rates, in a context of ex-ante heterogeneity in nominal
interest rates and inflation rates. In other words, real interest rates were
highly heterogeneous ex-ante and did not converge to a common
value ex-post.

As made clear in the simple model developed to build intuition and
in the sensitivity analysis, an important requirement for our model to
generate imbalances must be met: the adjustment of the discount
factor should be very slow. Indeed, if the discount factor is adjusting
too quickly compared to the real interest rate, then the model predicts
a fall in consumption rather than a rise in consumption, leading to
depreciated terms of trade, i.e. an improvement of competitiveness,
and trade surpluses in the periphery. Our results are however quantita-
tively very robust to all the other key parameters of the model.

The paper is organized as follows. Section 2 presents a set of moti-
vating facts justifying the main assumptions of our model. A simple real
model of a small open economy is presented in Section 3 to provide
some intuition about the main mechanisms at play in the full model,
presented in Section 4. Section 5 presents the calibration and discusses
the long-run implications of the model. Section 6 presents the results
of our baseline calibration, and shows the prominent role of the infla-
tion convergence process in generating external imbalances. Section 7
conducts some robustness checks according to key parameters, and
some concluding remarks are offered in Section 8.



Heterogeneity, convergence and imbalances in the Euro area

2. Motivating facts

We focus on two sub-groups of countries of the euro area 5 years
before and after the inception of the euro, i.e. from 1993 to 1999 and
then from 1999 to 2016. We consider 10 of the 11 countries that
launched the euro, excluding Luxembourg. Greece entered in 2001
and is also excluded. The core region is made of Austria, Belgium,
Finland, France, Germany and the Netherlands and accounts for
roughly 65% of the GDP of the whole monetary union. The periphery
includes Ireland, Italy, Portugal and Spain, and accounts for the
remaining 35% of GDP of the monetary union. Figure 1 below reports
two sets of facts, one regarding inflation and interest rates (panel (a) to
(c)) and another regarding macroeconomic aggregates (panel (d) to
(h)). For the first one, region-specific inflation rates, nominal interest
rates and real interest rates are reported in levels along with their
average values before and after the euro. We correct these time series
from any potential global trend by deflating them with the HP-filter
trend of the corresponding time series in the US.? For the second set of
variables, macroeconomic time series are reported only from 1999
onwards. They are taken in levels (for GDP, consumption, investment
and terms of trade) or as a percentage of GDP, and normalized by their
1999 levels.

Regarding inflation rates (panel (a)), the data suggest a clear
convergence pattern. The inflation rate falls substantially in the
periphery after the euro (from 4.14% to 2.79% annually) while it
remains roughly stable in the core region (from 1.93% to 2.18% annu-
ally). Prior to the euro, the nominal rate was quite high in the periphery
(6.23% annually) while much lower in the core region, around 3%
(panel (b)). After the euro, both regions share the same currency and
hence the same nominal rate. The latter settles at the pre-euro level of
the nominal rate in the core region, around 3.2%. With a roughly
stable nominal rate and inflation rate, the real rate observed in the core
region remains broadly unchanged (panel (c)). In the periphery
however, the combination of a moderate decrease in the inflation rate
and a much smaller nominal rate produces a dramatic fall in the real
rate: from around 2% before the euro to 0.42% annually after the euro.

2. For example, the inflation rates of the core and peripheric regions are deflated by the normalized
HP-filter trend of US inflation. We use a smoothing parameter of 1600. We proceed similarly for the
nominal interest rate series and for the real rate series, using the corresponding US time series.
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This set of facts motivates us the modeling the inception of the euro
as a partial convergence process in inflation rates, along with a minor
change in the interest rate target of the Central Bank. For this process
to be consistent with a long-run equilibrium of the model, we consider
that the (exogenous) discount factors adjust accordingly. This joint
process will account for the large fall of the equilibrium real rate in the
periphery after the euro was introduced. To do so, and to analyze the
transition within a unified monetary-union framework, we consider a
borrowing constraint that restricts the possibilities of running too nega-
tive external debt positions. We posit a difference in initial discount
factors, so as to match the pre-euro equilibrium real interest rates
which is enough to ensure that the borrowing constraint is biding in
the region with low discount factor (and not binding in the other
region). What the model adds to standard open-economy frameworks
with borrowing constraints is an exogenous convergence in the
discount factors, along with an exogenous shift in steady-state inflation
rates, to capture the effects of the inception of a common currency.

Regarding other macroeconomic aggregates, post-euro dynamics
are characterized by a boom in GDP, consumption and investment in
both regions. The boom is much larger for the periphery before the
2008 Great Recession though, and reverses after. Over the whole
sample, the core region is experiencing well-documented sequence of
current account surpluses while the periphery experiences a series of
large current-account deficits, that are dramatically reduced after the
2008 Great Recession. Last, a steady increase of the relative price of
traded goods is observed in the periphery over the whole sample. In
the next sections, we show that the bulk of macroeconomic trends
observed in panel (d) to panel (h) can be rationalized with a relatively
simple model of a two-region monetary union with trade, sticky prices,
incomplete markets, and a borrowing constraint that initially binds in
the periphery. Before presenting the full model, we present a simple
small open economy model that is used to develop the intuition.
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3. Intuitions from a simple model

We start making our point using a simplified small-open economy
model. The model has no capital accumulation nor nominal rigidities,
and the real interest rate is exogenous. The idea is to investigate the
impact of a negative real interest rate shock that releases a borrowing
constraint bearing on foreign assets. The utility of households derives
from consumption ¢;, a stock of durables d, and hours worked #;, with
a lifetime welfare function

- ) plt¥
B, Bologe, + xalogdi —m LB <1

that is maximized with respect to the following budget constraint
Ct + thdt + bt = Wtht + T‘t*bt_l (2)

g, is the relative price of durables, A is the first-difference operator, b/ is
the amount of international one-period bonds held by households in
the small open economy that pays an exogenous real rate r#, w; is the
real wage. In addition to the budget constraint, households also face a
constraint on the expected amount they can borrow from the rest of
the world based on the amount of durable goods they can pledge:

—1¢b; < ME{qr41d.} 3

The main idea of this borrowing constraint is that borrowing inter-
nationally requires some form of collateral, which then potentially
restricts the possibility of households to access financial markets.

Using the fact that the stock of durables is constant and normalized,
i.e. d;=1, the associated first-order conditions are:

XaCe + Et {mAtCIr+1 + ﬂcl%ﬁl} =q 4)
t+1
Y _
Xnhe ce = wy ()
Ct e
‘t_ = 6
BE {Ct+1 (1‘Tt*/1t)} 1 ©)

where A, is the Lagrange multiplier associated with the borrowing
constraint, normalized by the Lagrange multiplier associated to the
budget constraint. Aggregate consumption is a bundle of domestic
and foreign production with a unit elasticity of substitution. The price
of goods produced in the small open economy is p,, and that of the
foreign good is p,.. A similar structure characterizes the foreign
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demands — up to the small open economy assumption. As a conse-
quence the goods market clearing condition in the small open
economy writes

ye = (1 —a)s; %, + as; e (7)

where 1 — o < 1 measures the weight of local goods in the bundle, and
St =Py /py~ denotes the terms of trade.? This equation states that
production depends positively on local and foreign aggregate
consumption, and that terms of trade appreciation (s; goes up)
generates expenditure switching effects away from local goods. In the
case of our experiment, rising consumption is expected to put pressure
on output and imply a rise in prices, appreciating terms of trade. In
turn, this appreciation should divert some of the demand towards
foreign-produced goods therefore partly offsetting the rise in domestic
production.

The production sector is simplistic: a single firm competitively
produces a local good using domestic labor with a linear production
function y, = h,. With flexible prices this equation implies the following
labor demand function: p,, = p,w;, implying w, = sZ . Using this result
and the production function to substitute for hours worked h; and the
real wage w; in the labor supply equation gives:

thtwct = s¢

For an exogenous rise in consumption, the wealth effect implies
that labor supply — and hence production — should fall. However, as
mentioned before, the shock is also presumed to raise the relative price
of goods, appreciating terms of trade. This would act as a rise in the
real wages, producing a substitution effect (hours worked and produc-
tion up) and a wealth effect (hours worked and production down). In
addition, the rise in hours worked and output also conditions the size
of the rise in consumption: if labor income increases enough - if the
substitution effect dominates, the rise in consumption should be larger
since output will increase more. This should also raise terms of trade
more. In any case this equation suggests that a joint rise in consump-
tion and terms of trade would be fully consistent with the labor supply
condition and more generally the supply-side of the small open

3. The small open economy assumption implies that foreign variables are considered exogenous
and constant from the perspective of domestic agents, i.e. cf =c*and p,. = p*.

4. In the budget constraint, the real wage is expressed in unit of consumption goods while the firm
values the real wage in units of produced goods.
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economy. Finally, our simple model also sheds light on the determi-
nants of the trade balance and net foreign assets. Starting from the
budget constraint, using the fact that d, is constant, that w, = s7 and
that h; = y;, and substituting the goods market clearing condition:

by —1¢be_q = S{ye — ¢ = a(SEZ_lc* —Ct) )

This equation suggests that net foreign assets depend negatively on
domestic consumption and terms of trade — remember that o< 1. An
exogenous rise in consumption that would also appreciate terms of
trade would generate a trade deficit. The latter then triggers a current
account deficit.>

Let us now focus on the effects of a fall in the real interest rate ry.
Imagine that the country is initially constrained, i.e. 4>0. The
borrowing constraint holds with equality which implies b <0, i.e. the
country has a negative foreign asset position. The transversality condi-
tion requires running a trade surplus initially. The Euler equation also
tells us that fr* = (1 — r*4) < 1 that is, households are more impatient
in the small open economy than in the rest of the world. Further, the
equation for the price of durables gives A= (1 - - y,;¢/q) / m which
suggests that A is small. Indeed, (1 - ) is small and y,¢/g<1-/f is
required to yield A > 0. This in turn requires small values of the utility
weight y,; and large prices of durables.

With this in mind, the Euler equation suggests that a fall in the real
rate will make current consumption rise compared to foreign
consumption. Indeed, because A is relatively small, the effects of a fall
of rf on rf/(1-r¢ A,) are negative. This should then imply ¢, > ¢, .
The overall impact on terms of trade should be negative (terms of trade
appreciate) and the impact on the trade balance should be negative
(trade deficits arise). Within this simplified model, net foreign asset
dynamics are inherently unstable, as there are no mechanisms forcing
the adjustment of future consumption to make net foreign assets
return to their initial values. Therefore the imbalances produced by the
shock will last forever, and net foreign assets should drift away in nega-
tive region at the rate r*. A natural question arises: how can
deteriorating asset positions be consistent with our borrowing
constraint? Actually, the latter becomes and remains slack. First, the fall
in the real rate loosens the constraint immediately. Second, the

5. In the steady state however, the transversality condition requires that a trade deficit is met with a
positive foreign asset position whenever r* > 0.
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dynamics of consumption contributes to maintain the constraint slack.
To see this, let us abstract from expectations for simplicity, and look at
the value of 4, implied by Equation (4):

A, =mt (qt_XdCt _ ,Bi) )

dt+1 Ct+1

The rise in current consumption pushes A, to zero (A was initially
small) and the constraint is durably slack. As long as consumption is
allowed to grow - that is, if net foreign assets are allowed to be nega-
tive for long enough - the constraint will remain slack.

Of course the instability of net foreign assets is a problem in this
simple model. One way around this is to assume that the discount
factor of households increases along with the fall in the real interest
rate. All else equal, a rise in the discount factor depresses consump-
tion.® If discount factors adjust one for one with the real interest rate,
the overall impact on consumption and in any relevant variable of the
model is close to null. In this case, the Euler equation basically implies a
constant dynamics for consumption, up to the dynamics of A,. If the
timing of changes in the real rate and the discount factor differ, we are
left with two possibilities: the discount factor adjusts more quickly or
more slowly than the real interest rate. If the discount factor rises more
quickly than the real rate, fry>1 implies that households become
more patient than the rest of the world. Savings will increase and
current consumption fall. As shown above, this will generate a terms of
trade depreciation, a trade surplus and a rise in net foreign assets. If the
discount factor adjusts more slowly, Br#< 1 implies that households
remain more impatient than the rest of the world for a while, which
triggers a rise in consumption, an appreciation of terms of trade along
with a trade deficit.

The above analysis shows that a borrowing constraint can ration-
alize the difference between relatively high subjective real rates — low
discount factors — and lower effective rates. Further, it shows that a
large fall in the real interest rate can generate a rise in consumption
along with external imbalances — an appreciation of terms of trade
along with trade deficits. For this dynamics to arise, any potential rise in
the discount factor introduced to stabilize the model in the long run
has to be much slower than the fall in the real interest rate to generate

6. Endogenous discount factor adjustment have been proposed as means to make net foreign asset
positions stationary and “close” small open economy models (see Schmitt-Grohé and Uribe (2003)
among others).
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the desired effects. Of course, within a more extended model, the
dynamics of investment would matter as well. As will be clear however,
a fall in the real interest rate will unambiguously raise private invest-
ment, with positive associated effects on production and the supply-
side. So the contribution of investment in physical capital to the
current account imbalances would be less crucial than that of
consumption. In addition, the euro area is better described as a two-
region model, in which richer interdependence — through a common
monetary policy set-up for instance — is taken into account. Finally, the
dynamics of real interest rates in the euro area before and after the euro
should result from a more realistic process through which the steady-
state inflation rates partly converge after the inception of the euro.

4. Full model

We now extend the above model to a core-periphery model of a
monetary union with two regions i = {c, p}. While the simple model
helps build intuition about the main mechanism, our goal is more
quantitative in the next sections so we include a variety of bells and
whistles usually admitted to help DSGE models fit the data, such as
external habit in consumption and housing or investment adjustment
costs (see Guerrieri and lacoviello (2017) among many others). The
two regions are initially heterogeneous in terms of discount factors £,
inflation rates 7' and productivity levels z' and financial markets are
incomplete.” In the following individual optimization programs, varia-
bles are expressed per capita.

Households. Households derive utility from consumption ¢! and a
stock of durables di, both corrected with external habits €.4 €[0,1],
and derive a disutility from working a fraction hi of their time. Their
lifetime welfare function writes

Et{ZS';t (ﬁi)su(cé — €cCiq, df — eddé_l,hé)},[)’i <1 (10
and is maximized with respect to the following budget constraint

it

bl 4ot —1t (11)
Tt

ct + qiAdE + xt + act + bf = wihl + i ki, +

7. If markets were complete and integration perfect, real interest rates would converge to a unique
value. Financial transaction costs and the presence of borrowing constraints, coupled with
heterogeneous discount factors, allow a differential values in real interest rates.
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where ¢! denotes consumption, ¢/ the relative price of durables in
region i, A the first-difference operator, x; the investment in physical
capital and k| the level of physical capital. Further, b is the real amount
of nominal bonds issued in the monetary union held by households
in region i returning i’ between period t and t+ 1, and aci = ¢,
(bl = bi})?%/2 is an adjustment cost paid on bonds.® Variables wi and
ri, denote the real prices of production factors in region i and {7 is the
amount of profits received by households from monopolistic retailers.
Last, 7z} = pl/pi, is the CPlinflation rate in region i.

Capital accumulation is subject to investment adjustment costs, and
households optimize taking into account the following law of capital
accumulation:

k= (1= 8kiy + (1- du(xi/xi, - 1)°/2) 5 (12)

Finally, following Ferrero (2015), households are also potentially
constrained in the expected amount they can borrow from the other
region based on the amount of durable goods they can pledge:’

—1ib; < mE¢ {qts1d} (13)

where ri = E, {i’/il,}is the real interest rate. Household i chooses
consumption cf, the stock of durable goods di, labor supply ki, the
stock of capital ki, capital investment x/ and international bonds b} to
maximize welfare (10) subject to constraints (11), (12) and (13). The
resulting first-order conditions are:

set g fmalgls, + 6152 gl | = gf (14)
ct ct
Up + ulywi =0 (15)
o (ud ) ; .
.BlEt{ utl:l qllct+1(1 — 6k) + rlét+1} = th (16)

8. As in Schmitt-Grohe and Uribe (2003) and as usual in the literature, the transaction costs are
symmetric whether households increase or decrease their asset holding. However, the formulation of
these costs is a bit unusual since most of the literature assumes that costs depend on the deviation of
net foreign assets to their steady-state value. However in our framework we want terminal net foreign
assets to be determined endogenously — and not to return to their initial values — to account for the
wealth transfers induced by shocks.

9. The formulation of the borrowing constraint is very close to the formulation of Guerrieri and
lacoviello (2017), except that it is formulated in expected terms. Our results carry over both
formulations of the borrowing constraint.
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N\ 2
i P (th) i i
G| 1= = dwri(1+7i)
(17)
. ué , . . 2
+ﬁLEt{ uzl ¢kqllct+1ytl+1(1 + th+1) } =1
ig uéti+1 ' i?+n£+1¢‘)b(b£+1_b'ti) ' } =1 18
g t{ Uct 7I2+1(1_i?ﬂé/”é+1+¢b(bé_bé—1)) (18)

where Uy, U,, and Uy, respectively denote the marginal utilities of
consumption, the stock of durables and hours worked. Variable A} is
the Lagrange multiplier associated with the borrowing constraint in
region i, normalized by the Lagrange multiplier associated to the
budget constraint. Variable gi, is the normalized multiplier associated
with the law of motion for capital and ¥} = x}/x}, — 1 is the growth rate
of investment. The first equation summarizes the intertemporal trade-
off faced by households when choosing the stock of durable goods: the
current marginal cost of durables should equate the marginal gains,
made of the marginal utility of durables plus the future marginal utility
of holding a durable good today. An additional benefit of holding
durable goods is the marginal loosening of the borrowing constraint
allowed by holding more collateral. The second equation is a standard
labor supply equation. The third and fourth equations respectively
determine the dynamics of the shadow price of capital gq,; and the
growth rate of investment in capital 7. The last equation is the Euler
equation on international bonds.

Aggregate consumption, investment and adjustment costs bundles
are a composite of goods produced in each region:

. R N =t
v = [(1 —au(vl) # + (@)r(vh,) ] , forv={c,x,ac} (19)
where 1 - ¢ measures the weight of core goods in the bundle of

households living in region i, and 4 is the trade elasticity.The law of
one price holds at the producer level, and CPIs are given by

1
pl= [(1 — a")pit_” + a"p;t_“]g (20)
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Standard consumption and investment sub-indices are given by
6
. 1. -1 g-1 .
Ve = [fo Ver(w) @ dw] » Upt
0 (21)

L . 61 o1
= [fo vy (W)@ dw] , for v = {c,x, ac}

where vi, (V;im respectively) is the consumption/investment of goods
produced in the core region (resp. in the periphery) by the representa-
tive household of region i, and 8> 1 is the elasticity of substitution
across varieties of final goods. Accordingly, optimal demands of varie-
ties can be expressed as
i — (1 iy [Pee@] 7 [pee] * i -4 ppt(w)]_g [ppt]_# i
ve(w) = (1 —at) [Tct] [ITE] v, V(@) = at [Tpt o v (22)
Finally, let us define terms of trade as
Dpt

St = (23)

This definition is meant to be consistent with the definition of the
real exchange rate, s/ = p?/p{. Given this notational convention, an
increase of s, denotes an appreciation (respectively depreciation) of
terms of trade in the periphery (resp. core), implying an fall (resp. rise)
in the competitiveness of goods produced in the periphery (resp. core).

Firms. Firms produce final goods under perfect competition with
capital and labor, and sell their output to monopolistic retailers at price
Pmit - The production function is

yi = zi(ki_y)' (h) (24)

and profit maximization yields'®

p7inty1.§ i pf;
w’t zt 25
‘ ké—1 Vet Pit ( )
[ AR
2izo (ﬁl) ueeSe (), (26)

Retailers face Rotemberg (1982) price adjustment costs with a non-
unitary steady-state level of inflation. Retailer j's problem is to maxi-
mize the value of the firm:

10. Real factor prices are expressed in units of consumption goods while producers value them in

units of produced goods. Further, note that
1

c . 3 S
LA [1 —af+ a”stl_”]““ and 2t = [(1 - oz7f’)sé‘_1 + a”]““ .
Pct Ppt
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(o] AL [+
2izo (51) Uee§e (), (27)
subject to the demand function y; (j) for variety , and real dividends or
profits are given by

Gi() = (m(}) pi . — % [LU) - 1]2)yti(j) (28)

TiPit—1(J)

Above, r; is the steady-state rate of PPl inflation. Maximization
leads to an equation that determines the evolution of PPl inflation over
time:

©-D+¢. (5 -1)

i i s ul : i
_ ﬂLEt <¢n lt+1[ it+1 1] ct+i1J’ti+1) — gp;nt
T a1

UtV

(29)

Central Bank and governments. The Central Bank controls the
union-wide nominal interest rate i,. Its variations over time are
controlled by a simple Taylor-type rule:

log (i /i") = pilog(it~1/i") + (1 — p;)dylog(rm, /m) (30)

where 7, = (75 )N (77)'N is the union-wide inflation rate and N is the
relative weight of the core region. In each region, a government
purchases local goods and pays for it raising lump-sum taxes:

w!yt =1t (31)
where @7 is the share of government consumption in GDP of region i
attime t.

Clearing and net foreign assets. Market clearing conditions on
final goods markets are

¢7t Tet 2
Nyfl1l—— (— 1) — wf
Ve ( 2 \n, Wy

_H
= N(1—a®)[1 —a® + acs; #]"7H(cf + x§ + acf
K
+(1-N)(1- ap)[l —aP + apstl_”]l_“(cf + acf

2
(1-N)y}f (1—¢”<ﬂpt—1> —wf)
2 Ty

¢
=(1- N)ap[(l — ap)s“ i a”] “(cf + xf + ac

(32)

+ Nac[(l — c)c"‘)sf_1 + ac]ﬁ(cf + acf



Heterogeneity, convergence and imbalances in the Euro area

and the clearing conditions on the markets for durables are:
di =1 for i = {c,p} (33)

Since we consider durable goods to be in fixed supply, all changes
in the demand for durable goods from households translate in changes
in the price of durables. These price variations then affect the
borrowing constraint by changing the value (but not the volume) of
the collateral.

The consolidation of equilibrium and market clearing conditions
with the budget constraints of households and governments yields the
following dynamics of net foreign assets in the core region:

bf ="=LbE_, + the (34)
t
where
(1-N) Lyt (P P p
thy =~ —(1- aP)[1 —aP + aPs, “]#(c? + xF +acl)
o (39)
- (1 —(1-a[1—a+a‘s, _”]1‘”> (cf + xf + acf)
and the market clearing condition for international bonds writes
Nbf + (1= N)sfbP =0 (36)

Finally, we define current accounts as the variation of net foreign
assets and report them as a percentage of GDP:
cag

Ab} .
t — 20t f =
Vi yi ot {c.p} (37)

5. Calibration and steady state

Preliminary remarks. Our goal is to understand how euro-area
economies responded to the inception of the euro. Again, one of the
key characteristics of our economy is heterogeneity in steady-state real
interest rates, a feature that is difficult to reconcile with homogeneity in
discount factors. With an external borrowing constraint, heterogeneity
in discount factors is enough to ensure that the borrowing constraint is
biding in the region with low discount factor (and not binding in the
other region), as shown below. The utility function is defined as:

u(et ci-1, d, diy, ht)

_ ' _ _ _ - (h)™Y (38)
= log(ct — €cci—1) + Xalog(di — €adiv) = X1y
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Imagine that the core region is a net lender and the periphery
borrows enough for the constraint to be binding: A°=0 and A? >0
implying bf/p? = —mqP. A first insight into the underlying reasons why
the periphery is constrained is transparent from the steady-state Euler
equations on bonds:

Bein = g¢ (39)
BPi" = P — {"AP (40)

For a given value of the nominal interest rate that applies in the
monetary union, A? > 0 requires either zz¥ > ¢ and/or [ < [, i.e. the
periphery is constrained if it features a higher steady-state rate of infla-
tion and/or more impatient households compared to the core region.
Any difference between the effective and subjective real interest rate
pushes households in the periphery to borrow up to the limit. Put
differently, a key function of the borrowing constraint is thus to allow
one of the region of the monetary union to have a different steady-
state level of inflation and a different discount factor, as suggested by
the pre-euro data reported in Section 2.

Design. Our economies are initially settled in a steady-state
characterized by various types of heterogeneity (discount factors, TFP,
size, etc...). We then analyze how euro-area economies transit from
one steady state to another. The first steady state is calibrated using
pre-euro data or exact data from 1999, and the second steady state is
calibrated using post-euro data. More formally, we consider that a first
set of driving forces — discount factors, inflation rates, and the nominal
interest rate — progressively switch from their pre-euro average values
to their post-euro average values according to:

B' =16+ (1 —ne)Bi (41)
nt = wmh+ (1 — Kk )mt (42)
i" =il + (1 — w)mt (43)
where
ne = (1= py)n + pyle-1 (44)
ke = (1= pdn + preke—q (45)

In the initial steady state, we have 7= 0. When the euro is intro-
duced, 77 switches to zero, inducing a slow convergence. The speed of
convergence in discount factors is governed by p,, while the speed of
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convergence for inflation and interest rates is governed by p,. A
second set of potential driving forces will be considered in the form of
productivity and government spending shocks, based on observed
values as described below.

Driving forces. Our interest countries are two sub-groups of the
euro area 5 years before and after the inception of the euro, i.e. from
1993 to 1999 and then from 1999 to 2016. The respective composi-
tions of the core and peripheric regions are those exposed in Section 2,
where the core region represents roughly n = 65% of the total GDP of
the euro area. The model is clearly not build to account properly for the
effects of the Great Recession but this will give a sense of how far the
model can go without any financial/banking frictions and without
sovereign default. Our calibration of driving forces borrows from the
numbers reported in Section 2. We consider that the pre-EMU nominal
interest rate that prevails is that of the core region between 1993 and
1998, that is 2.99% annually and that it went to 3.2% annually on
average after 1999. In quarterly terms it means i, = 1.0074% before
the euro and i; = 1.0079% after 1999. The steady-state annual CPI
inflation rates were 1.93% in the core region and 4.14% in the
periphery before the euro and went respectively to 2.18% and 2.79%
on average after 1999. Again, in quarterly terms, these numbers imply
7y = 1.0048, 77 =1.0054, nf =1.0102 and 7¥ = 1.0069. In accord-
ance with the steady-state Euler equation of the unconstrained region,
we fix the discount factor of the core region to B