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Abstract

Many southern European economies experience large capital inflows during periods
of expansion that are followed by abrupt reversals when a recession hits. This paper
studies the dynamics of capital flows between the North and South of Europe in a two-
country DSGE model with incomplete international asset markets. Over the business
cycle, the direction of capital flows between the two regions can be explained in a model
in which common shocks have asymmetric effects on debtor and creditor economies.
This mechanism explains why aggregate consumption is more volatile in the South than
in the North and generates a higher welfare cost of business cycle fluctuations in the
region that experiences procyclical net capital inflows. We also study the adjustment

to asymmetric financial shocks.
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1 Introduction

A key characteristic of the Eurozone business cycle is that the trade deficits of countries
in the South of Europe vis-a-vis Germany increase during periods of expansion and decline
in recessions. In other words, in the South, net capital inflows originating from the North

1 Since output fluctuations between the North

of Europe are procyclical (see Figure A.1).
and South of the Eurozone are highly synchronized (see Figure A.2),? this also implies that
net capital inflows are countercyclical in the North (see Figure A.3).> What explains the
direction of net capital flows between the North and South of Europe? And since net capital
inflows are procyclical in the South and counteryclical in the North, what are the welfare
implications of these cross-border capital flows?

Given the strong degree of output synchronization across the different members of the
monetary union, this paper starts by asking whether the dynamics of capital flows observed in
the Eurozone could be explained by common shocks. In a model in which shocks are common,
fluctuations in trade balances can be obtained if countries differ in their economic structures.
A first candidate explanation is therefore that the capital flows between the North and South
of Europe are caused by common shocks that are amplified by structural differences between
highly integrated trading partners. The novelty of our approach is to study this particular
mechanism in a framework that has the potential to generate fluctuations in net capital flows
of the magnitude observed in the data. This is achieved by embedding an endogenous shock
propagation mechanism in the two-country neoclassical growth model that is more powerful
than those typically considered in the literature.

The degree of cross-country heterogeneity between the two country blocks is then cal-
ibrated by selecting a set of structural parameters that maximizes the model’s ability to
replicate some key stylized facts characterizing the Eurozone business cycle. The magnitude
of the fluctuations in net capital flows that we obtain is therefore determined by the degree of
structural asymmetry implied by the data. The stronger the degree of structural asymmetry
between the two regions, the more volatile the fluctuations in net capital flows generated by

this mechanism.

IFrom 1995 to 2018, the HP-filtered correlation between the trade balance to GDP ratio in the South of
Europe and output in the South is -0.55.

2From 1995 to 2018, the HP-filtered correlation between output in the North and South of Europe is 0.77.

3From 1995 to 2018, the HP-filtered correlation between the trade balance to output of Germany vis-a-vis
South Europe and output in Germany is 0.45.



Our results suggest that the dynamics of capital flows critically depends on the magnitude
of initial net asset positions. In other words, whether a region is a net debtor or a net creditor
has a first order impact on the propagation mechanism of common shocks. In the Eurozone,
over the period under consideration, the average trade surplus of Germany with respect to
the South of Europe amounted to about 1.6% of German GDP. In the South, the average
deficit observed during this period represented about 1.4% of the region’s GDP. The North
is therefore a net creditor and the South a net debtor. In our environment, it is possible to
reproduce these differences in trade balance to output ratios by introducing asymmetries in
the demand in each region for the foreign asset issued by the respective trading partner.

Suppose that a favorable common shock reduces real interest rates in the entire area,
how do the regions’ net asset positions affect the transmission mechanism of a common
shock? Whereas the positive shock leads to a synchronized increase in output, the key is
that creditor and debtor regions are differently impacted by a decline in real interest rates.
In the debtor region, which in our case is the South, a decline in real interest rates reduces
the cost of issuing debt on the international asset market. In the North by contrast, lower
real interest rates reduce the revenue from lending to the South, where, in net terms, lending
is achieved by purchasing the asset issued by the debtor region. Over the business cycle,
common fluctuations in real interest rates are therefore a source of procyclicality in the
South, since the cost of borrowing from the North declines during periods of expansions and
increases precisely when the economy is hit by a recession.

The key driver of net capital flows is the differentiated effect of common shocks on creditor
and debtor economies. Since real interest rates rise during recessions, the cross-border asset
market amplifies the effects of negative common shocks in the debtor region. During periods
of expansion and low interest rates, the incentive to build precautionary buffers is therefore
stronger in the South than in the North because agents in the debtor economy anticipate
that borrowing costs increase when a recession hits. In other words, common fluctuations
in real interest rates generate a stronger intertemporal smoothing motive in the South, in
the sense that marginal utility of consumption is more volatile in the debtor region. In the
creditor region by contrast, the need to self-insure is less pressing because the cross-border
asset market provides a hedge against business cycle fluctuations. In response to a common
favorable shock that reduces real interest rates, the decline in marginal utility of consumption

is therefore less pronounced in the North than in the South.



Whether this stronger intertemporal smoothing motive in the South generates procyclical
or countercyclical net capital inflows then depends on the margin of adjustment that agents
choose to smooth consumption. If agents in the South choose to accumulate net foreign
assets, the region lowers its trade deficit and a deterioration is obtained if agents respond
to the shock by reducing net foreign asset accumulation. For the set of parameter values
that maximizes the model’s ability to match the data, we find that physical capital is the
preferred hedge against business cycle fluctuations. In the debtor economy, we show that
the optimal choice is to satisfy the region’s desire for accumulating capital during booms
by exploiting the additional source of income provided by the cross-border asset market. In
other words, during periods of expansion, the South finances investment in domestic capital
by running a larger trade deficit. Since the debtor region finances part of the increase in
capital accumulation by net issuance of debt, this mechanism provides an explanation for
the procyclicality of net capital inflows observed in the South.

Our main mechanism, which implies that the South finances an investment boom during
periods of expansion by borrowing from abroad, can be motivated by the strong negative
co-movement between investment and the trade balance in the South. As illustrated by
Figure A.4, which shows the investment to output and trade balance to output ratios in
the South, the investment boom observed from the end of the 1990’s until the crisis period
coincided with a sharp deterioration of the region’s trade balance. The decline in investment
that occurred after the crisis was also accompanied by a marked reduction in the region’s
trade deficit.

As initially shown by Glick and Rogoff (1995), our analysis confirms that a model in
which common technology shocks are the only source of business cycle fluctuations cannot
reproduce the large fluctuations in net capital flows observed in the data. At business cycle
frequency, the model only explains about 25 to 27% of the standard deviation of the trade
balance to output ratios observed in the two regions. One interesting implication of our
mechanism is that the model’s ability to reproduce the volatility of net capital flows improves
once we look at medium term frequencies. For cycles ranging from 32 to 120 quarters, we find
that the model can account for about 40 and 50 percent of the fluctuations in trade balances
observed in the North and South of Europe, respectively. At the same time, this mechanism
only explains a small fraction of the fluctuations observed at business cycle frequency.

Although common shocks generate fluctuations in capital flows that are much lower than



in the data, the magnitude that we obtain is sufficient to generate differences in the welfare
cost of business cycle fluctuations (e.g., Lucas 2003) across the two regions that are large
and significant. In the South, the fact that the region needs to reduce its trade deficit
during recessions, precisely when marginal utility of consumption is high, exacerbates the
effect of common exogenous shocks. In the North, by contrast, cross-border capital flows
attenuate the effects of common shocks because the net income that creditors receive from
the debtor region rises during recessions. Whereas net capital flows facilitate consumption
smoothing in the creditor region, they make consumption smoothing more difficult to achieve
in the debtor region. From a welfare perspective, the direction of cross-border capital flows
therefore matters since it implies that the welfare cost of business cycle fluctuations is higher
in the region experiencing procyclical net capital inflows.

Given the limited ability of our model to account for the magnitude of net capital inflows
observed in the data, we next study the adjustment of our two-region economy to asymmetric
financial shocks. In the Eurozone, the introduction of asymmetric financial shocks can be
motivated by the disproportionate effect that the 2011-2012 Sovereign Debt Crisis had on the
South of Europe. This period was characterized by an increase in the spread between high
quality financial assets issued by the South relative to those issued by Northern European
economies, such as Germany. The shock also generated a sudden stop, in the sense that it
led to a reduction in trade deficits in the South that was accompanied by a reduction in
surpluses in the North. In our economy, we capture this episode by simulating the effect of a
shock that reduces the demand in the North for the asset issued by the South. We find that
this particular sort of asymmetric financial shock reproduces some main empirical regularities
observed during this period. In the South, the asymmetric shock increases spreads, generates
a deeper recession than in the North and forces the region to reduce its trade balance deficit.
Introducing asymmetric financial shocks into the analysis also considerably increases the
volatility of net capital flows.

The starting point of our analysis is the basic two-country version of the standard one-
sector stochastic growth model with complete asset markets (e.g., Backus et al. 1992). The
first key departure from the baseline model is the introduction of restrictions in the extent
to which international capital markets permit to pool risk across economies. Following Cole
(1988), Baxter and Crucini (1993), Baxter (1995), Kollmann (1996), Arvanitis and Mikkola
(1996), Boileau (1999), Heathcote and Perri (2002) and Corsetti et al. (2008) among others,



we develop a model in which individuals have incomplete access to international risk-sharing.

Relative to the frictionless neoclassical growth model, the second main difference is that
we introduce credit into the analysis by assuming that in each country firms need to pay
workers and capital owners in advance of production. Following Jermann and Quadrini
(2012), financial intermediation is subject to frictions and credit conditions depend on the
tightness of the enforcement constraints.

We also depart from the frictionless benchmark by introducing a specification of habit
formation in the composite of consumption and leisure (e.g., Jaccard 2014), which, when com-
bined with financial frictions and adjustment costs, amplifies the endogenous propagation
mechanism of the neoclassical growth model (e.g., Jaccard 2018). This preference specifi-
cation was first studied in the context of a two-country business cycle model in Dimitriev
(2017), who showed that habits in the composite good considerably improve the baseline
model’s ability to account for the quantity anomaly and international co-movement puzzles.

In Gourio et al. (2013), volatile fluctuations in exchange rates are obtained by augmenting
the baseline model with Epstein-Zin-Weil preferences and by introducing disaster risk into the
analysis. Fogli and Perri (2015) study the effects of volatility shocks on financial imbalances
and show that precautionary saving has a significant impact on net foreign asset positions.

Our main mechanism builds on the work of Kraay and Ventura (2000). Following the
intertemporal approach to the current account, they show how favorable shocks can lead
to deficits in debtor countries and surpluses in creditor regions, and also provide empirical
evidence in support of the model’s implications. Our work is also related to the literature that
studies the dynamics and long-run determinants of global imbalances between countries with
heterogeneous financial markets. In Mendoza et al. (2009), financial integration between two
countries in different stages of financial development reproduces the evolution of imbalances
between the United States and China observed over the last decades. In Caballero et al.
(2008), the main mechanism relies on differences in countries’ ability to generate financial
assets from real investments.

In line with the stylized facts on emerging markets documented in Aguiar and Gopinath
(2007), our model predicts that the volatility of consumption should be higher in the region
experiencing procyclical net capital inflows.? In the Eurozone, we also observe a clear rela-

tionship between the volatility of consumption and the cyclicality of net exports. Consump-

4See also Schmitt-Grohé and Uribe (2017) for a more recent overview of the stylized facts.



tion is generally more volatile in economies where the trade balance to output correlation is
more negative (see Figure A.7) and this relationship is robust to the introduction of other
European Union economies (see Figure A.8).

This paper also contributes to the literature initiated by the euro area crisis. Reis (2013)
emphasizes the role played by frictions leading to a misallocation of resources (see also
Mongelli et al. 2016). Gopinath et al. (2017) document a significant loss in total factor
productivity in South Europe and develop a small open economy model with heterogeneous
firms that is able to rationalize these novel empirical findings. In their model, the decline
in total factor productivity is due to a misallocation of resources that is caused by a capital
wedge. Relative to this strand of the literature, we explain the deeper recession observed
in the South of Europe after 2011 by an asymmetric financial shock. The policy trade-offs
created by asymmetric shocks in monetary unions are studied in Gali and Monacelli (2008)
and Ferrero (2009).° Gali and Monacelli (2016) study the effect of wage flexibility in a small
open economy belonging to a currency union. The model builds on Gali and Monacelli (2005)
and the main results of the paper cast doubts about the desirability of wage flexibility in a
monetary union.

Gilchrist et al. (2018) study imbalances in the Eurozone in a model in which financial
frictions affect the pricing behavior of firms. Kollmann et al. (2014) estimate a three country
DSGE model and explain the boom-bust cycle in Spain by combining financial frictions with
risk premium shocks. Rubio (2014) studies the implications of cross-country housing-market
heterogeneity for the transmission mechanism of shocks in a monetary union.

Fernédndez-Villaverde and Ohanian (2015) argue that the stagnation observed in some
European economies can be attributed to sluggish productivity growth originating from
political economy distortions (see also Fernandez-Villaverde et al. 2013). Using a large panel
of countries, Challe et al. (2016) document that persistent capital inflows are systematically
followed by a decline in the quality of domestic institutions and develop a model in which
government intervention plays a role in allocating resources to the private sector.

Martin and Phillipon (2017) develop a model that can be used to study the nexus between
fiscal policy, credit and current account dynamics and conclude that stronger fiscal discipline
during the boom would have made the recession less severe in some Southern European

economies (see also Gourinchas et al. 2016).

®see also Lane (2000).



Another strand of the literature studies the contribution of expectations about long-run
growth in driving current account dynamics (e.g., Hoffmann et al. 2013). Following a related
approach, Siena (2014) explains imbalances in the eurozone by estimating the contribution
of anticipated shocks, whereas Bonam and Goy (2017) study imbalances in a monetary union
by introducing a home bias in expectations.

Finally, concerns that diverging economic structures could lead to asymmetries in the
transmission mechanism of common shocks were documented in the early stages of the euro
area’s existence.® In Cecchetti (1999) for instance, differences in financial structure across
European economies are attributed to their dissimilar legal structure (see also Danthine et
al. 1999). This argument, which also draws on the work of La Porta et al. (1997, 1998),
is motivated by a series of empirical facts demonstrating the impact of the legal system
of a country on the structure of financial intermediation. In the same vein, Cacciatore et
al. (2016) focus on product and labor market deregulation and study the implications of

asymmetric deregulation for the conduct of optimal monetary policy in the Eurozone

2 The model

The economy is composed of two regions, the North and the South, that are linked by a
financial market that can be used to trade securities. International markets are incomplete
and each domestic economy is composed of a representative agent, a financial intermediary,
and a representative firm. A role for banks is introduced by assuming that in each region
the non-financial sector needs to obtain a loan to pay workers and capital owners in advance.
The extent to which external financing is needed is determined by the tightness of the loan-
in-advance constraint. Institutional differences are captured by introducing a "walk away"
constraint that links the amount of external financing that non-financial corporations can

obtain to the quality of the country’s institutional framework.

The competitive equilibrium in the North
The notation 3 is adopted to denote variables, such as output, that represent prices or
quantities in the South and y will be the corresponding counterpart in the North. Technology

and preferences are consistent with balanced growth and the deterministic growth rate along

b Differences in the transmission mechanism of monetary policy were also documented by Ehrmann (1998).



the balanced growth path is denoted by 7. Since the market structure across the two blocks

is identical, we focus the analysis on the Northern economy.

Households
The period ¢ budget constraint of the representative household is given by the following

equation:
Ty + Tk + Tpedy + W Ny + DsiySi1 + 5t = ¢+ iy + Kdy + S+ S+ DsiYSi+1, (1)

and the representative agent divides his or her time between leisure activities L, and hours

worked in final goods-producing sector N :
Lt — ]_ - Nt, (2)

The wage rate received by workers is denoted by w and total income also consists of
a revenue from depositing funds in the banking sector, rpd, where rp denotes the rate at
which deposits are remunerated. The representative agent owns the domestic intermediary
as well as firms in the final goods-producing sector and total dividend income is denoted
by mr. Consumption expenditures are denoted by ¢, and k is the stock of domestic capital
accumulated by the agent. Households incur a monitoring cost when supplying deposits to
the banking sector. The monitoring cost takes the form of a fixed cost that is proportional
to the amount deposited and is denoted by . With this structure, the supply of deposit will
therefore be completely elastic.

The presence of a cross-border financial market also allows households in the North to
share risk by issuing a domestic risk-free asset that is purchased by agents in the South.
In period ¢, the revenue from selling a domestically issued risk-free asset to consumers in
the South is denoted by pgs, where ps denotes the asset price. On the expenditures side,
the coupon paid in period ¢ by domestic agents to remunerate bondholders who purchased
the quantity of safe asset issued in ¢ — 1 is denoted by s. To ensure that the problem is
well-behaved, we further assume that issuing financial assets is costly and that issuers incur
a fixed cost that is proportional to the stock of safe asset available at time ¢. The fixed cost
of issuing debt is denoted by ¢.

Similarly, agents in the North have access to a one-period risk-free bond that is issued

by agents in the South. On the expenditure side, the quantity of foreign bonds purchased

9



at time ¢ is denoted by s, where pg is the price of the bond issued by agents in the South.
On the revenue side, s denotes the payment received from holding the quantity of foreign
bonds that was purchased in period ¢ — 1. The issue of steady state indeterminacy is avoided
by assuming that agents in each country derive utility from holding the stock of safe asset
issued by consumers in the other region. In the North, a demand for safe assets is therefore
obtained by introducing s directly into the utility function. We simplify the analysis by
abstracting from domestic issuance of bonds purchased by domestic agents, since domestic
flows have no effect on the current account.

Following Baxter and Crucini (1993) among others, we assume that capital accumulation

is subject to an adjustment cost and adopt the following functional form:

0 [0\ "
Vherr = (1= )k + (1 _1 c (é) + 92) ke, (3)

where ¢ denotes investment and ¢ is the depreciation rate of capital. The parameter that de-

termines the elasticity of Tobin’s Q with respect to changes in the investment to capital ratio
is denoted by €. The two constant ¢#; and 65 are calibrated to ensure that the introduction
of adjustment costs has no effect on the deterministic steady state of the model.

Relative to the specification of preferences studied in Jaccard (2014), we assume that
habits are formed over a composite good consisting of consumption, the stock of safe asset

and leisure. The law of motion for the habit stock is given as follows:

Vi1 = mae + (1 —m)ey sy * (v + LY), (4)

where m is the habit parameter that controls the speed at which the habit stock depreci-
ates. The share of consumption in utility is denoted by s. Each period, the representative
household chooses optimally consumption, hours worked, the quantity of deposits to allocate
to the banking sector, investment and controls the evolution of its capital stock, its habits
stock, its stock of foreign asset and the stock of safe asset issued to foreigners by maximizing

lifetime expected utility,

ct,Nedi it ke 11,00 41,5¢41,5¢+1

max Ey Z /ﬁ\t log [¢f's; (W + LY) — a]
=0

subject to constraints (1) to (4) and where 3 is the modified discount factor (e.g., Kocher-

10



lakota 1990).

The non-financial corporate sector

In period t, profits in the non-financial sector are given as follows:

TEe = Yt — Treke — Wi Ny — Tl (5)

The final output good, which is denoted by y, is produced by firms in the non-financial
corporate sector using hours worked N and domestic capital k. Domestic capital and hours
worked are both supplied by the domestic household. rg is the cost of renting domestic
capital from the domestic consumers, w is the wage paid to workers. The total cost from
obtaining external finance from the domestic banking sector is denoted by r.l, where 7, is
the cost of borrowing funds from the domestic financial intermediary.

The production function takes a Cobb-Douglas form with constant returns to scale:

Y = Ak Ny, (6)

where k is the quantity of domestic capital allocated to the production of the final output
good, and where the labor share is denoted by 1 — «. The technology shock that is common

to both regions is denoted by A; and follows an autoregressive process of order one:

log Ay = pylog Ay—y + €as,

where € 4; is a random disturbance that is normally distributed and p, is the autoregressive
parameter. Technology shocks are the only source of business cycle fluctuations and are
common to both country blocks.

A role for banks is introduced by assuming that firms need to obtain a loan to pay inputs

in advance. The loan-in-advance constraint can be expressed as follows:

li > 1 (weNy + reky) (7)

where 7 is the parameter that determines the tightness of the constraint. The model reduces
to a frictionless economy when 7 is set to 0. In the South, the tightness of the loan-in-advance
constraint is denoted by 7.

Following the approach of Jermann and Quadrini (2012), the impact of the legal system

11



on credit is captured by introducing an enforcement constraint. In our case, we assume
that entrepreneurs in the final-good sector default and run away with the funds borrowed
from banks, if the value of their debt exceeds the net present value from operating the
firm for a sufficiently long period of time. Bankers understand this incentive structure and
make sure that entrepreneurs always have the incentive to reimburse the loan so that default
never occurs in equilibrium. This incentive compatibility constraint, which is internalized by

entrepreneurs, implies that the maximum amount that firms can borrow is given as follows:

ply < vy, (8)

where v denotes the present value from operating the firm. For simplicity, v is expressed
as the infinite discounted sum of future profits, which can be expressed in recursive form as

follows:

A
v = BE; ;\H [TRts1 + Vi) s 9)
t

where 3 = /7.7

Since firms in the final-good sector are owned by the representative agent, managers use
the stochastic discount factor of the agent, which is denoted by EEt)\tH /¢ to discount future
profits. The impact of the country’s institutional framework on agents’ access to credit is
captured by the parameter u. A lower value for u decreases the payoff from defaulting
and therefore makes it less likely that the case ul > v will occur. A lower value for this
parameter therefore corresponds to an improvement in the country’s institutional framework
and reduces debtors’ incentives to walk away with the loan. By lowering the payoff from
defaulting, a lower value for 1 implies that for a given value of v, more credit will be extended
to firms. Our interpretation of this parameter is therefore that it captures the ease at which
contracts can be enforced.

Managers in the final goods-producing sector maximize the discounted value of future

dividends and take the outside option v as given:

Nk, l

~t )\t
max Fj E b —Try,
t=0

"This adjustment to the modified subjective discount factor implies the assumption that the outside
option v is stationary and therefore not growing along the steady state.

12



subject to equations (5) to (8).

Banks
In each country block, the provision of credit is undertaken by a regional banking sector
that simply channels funds from households to firms in its domestic non-financial sector.

Profits in the banking sector are given as follows:

Tt = Tl — TDtdu

We assume that the technology used by banks to transform deposits into loans is linear

in deposits:

lt = Zdt,

where z is an exogenous technology parameter measuring the efficiency of the financial

intermediation sector.

Market equilibrium

A competitive equilibrium in the economy is a sequence of prices:
W, W, T, "L, "D, D, /\7 )‘a v,v,w, w, d}a ¢ap57p5

where w and @ denote the Lagrange multipliers associated with the loan-in-advance con-
straints in the two regions, ¢) and @ are the Lagrange multipliers associated with the incentive

compatibility constraints in each region, A and A marginal utility, and quantities:
L1y, ¢ i i,d,d, N, N, k k5,3
that satisfy households and firms efficiency conditions as well as the two resource constraints:
Y + St +YseSir1 = ¢+ i+ wdy + (1 +6) 8¢ + VYDsiSi41,
Ui+ S+ WPsiSia1 = G + iy + Rd; + (1+<) st + ¥pseStr,

for all states, for t=1...00, and given initial values for the six endogenous state variables

13



k.k,x,Z,s and 5.8

Financial imbalances
In the context of our model, the trade balance in the North is given by domestic absorp-

tion, which can be defined as follows:
thy = yp — ¢y — iy — Kdy — Sy,

Similarly, in the South, the trade balance is given by:

thy =y — ¢ — iy — Kdy — sy,

and the aggregate market clearing condition implies that:

tbt = _ﬁ)h

From the perspective of international capital flows, the trade balance can equivalently
be expressed as the change in net foreign asset position’ minus the income received from

holding the foreign asset:

thy = (VﬁStgtH - 7P5t5t+1) - (gt - St);

ﬁ)t = (’YPStStH - ’YﬁStgtH) - (St - gt);

3 Calibration

We use Eurozone data to calibrate our model. Given the importance of Germany’s trade
surplus in the policy debate (e.g., Bernanke 2015), we use the German economy as a proxy
for the North. We include Greece, Italy, Portugal and Spain in our definition of the South of

Europe, which were the countries most affected by the capital flow reversal observed during

81n each country, the aggregate resource constraint is obtained by substituting the expressions for profits
in the budget constraint of the households, who owns the domestic banking and non-financial corporate
sectors.

9where we have assumed that the international foreign assets are one period assets, i.e. assets that
depreciate fully after one period.
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the different stages of the Eurozone crisis.'’

As illustrated in Figure A.5, the degree of business cycle synchronization between output
in the North and in the South of Europe declined after 2011. From the first quarter of 1995
to the third quarter of 2011, the correlation between the two series is 0.89. From the fourth
quarter of 2011 to the second quarter of 2018, this correlation is much lower and stood at
0.45. This decline in correlation illustrates that asymmetric shocks are likely to have played
a more important role from 2011 onwards. A natural explanation is that the Eurozone
Sovereign Debt Crisis, which hit the continent in 2011, had a much stronger impact on the
periphery countries.

Given that the first objective of this paper is to study the effect of common shocks on the
dynamics of net capital flows, we therefore choose to calibrate the model using the period
from 1995 to 2011. We simplify the analysis by assuming that technology shocks are the only
source of common shocks during this period.!! The effects of asymmetric financial shocks
are studied in section 6.

Whenever possible, we use available empirical evidence to calibrate the main structural
parameters of the model. A first set of parameters is chosen to match long-run steady state
ratios following standard practice in the real business cycle literature. As second set of
parameters is calibrated to maximize the model’s ability to reproduce a series of key stylized
facts characterizing the dynamics of the main business cycle aggregates in the North and

South of Europe. The data used in this section is described in the appendix.

Deterministic growth rates and depreciation rates

Over the period from the first quarter of 1995 to the third quarter of 2011, the aver-
age quarterly growth rate of output stood at 0.34% and 0.37% in North and in the South,
respectively. Once uncertainty is taken into account, it is not possible to reject the null
hypothesis that the estimated mean growth rates are equal across country blocks. We there-

fore assume a common deterministic trend rate v and set this parameter value to 1.0036,

10The reason we exclude Ireland from the analysis is because within the Eurozone, Ireland is a surplus
economy. Over the period under consideration, the Irish economy ran a deficit with respect to the UK
economy and a surplus vis-a-vis Germany and most Eurozone economies. The country still experienced a
sudden stop in the sense that it had to reduce its trade deficit vis-a-vis the UK during the Great Recession
and Sovereign Debt crises.

HSee Jermann and Quadrini (2012) for a detailed analysis of the role of financial shocks during the
subprime crisis. See also Jaccard (2018) for a paper about the transmission of financial shocks in the
Furozone.
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which corresponds to the average growth rate of aggregate output in the two regions over
this period.

To calibrate the depreciation rates of capital, we use the data base of Feenstra et al.
(2015), which is available at an annual frequency for the period from 1950 to 2011. For
Germany, the average depreciation rate observed during this period stood at 0.042, which
implies a quarterly depreciation rate of 0.0105. For the South, using country weights to
calculate an average depreciation rate for the region, we obtain a quarterly depreciation
rate of 0.0101. Given that the difference across the two country blocks is only marginal, we

assume a common depreciation rate and set § to 0.0103.

Solow Residuals

The parameter values for the shock process are obtained by firstly deriving a measure
of Solow residuals that corresponds to aggregate output in the two regions. Under the
hypothesis of a common technology shock process, the aggregate production function is

given as follows:

~ ~ N\ l—
Y, +Y, = A, (Kf“ (TyN,)' ™ + K¢ (FtNt) ) (10)

where capital letters are used to denote variables that are growing in the steady state and
where I'; is the deterministic component of labor augmenting technological progress, which
is common to both regions. To compute the empirical counterpart of A;, we use data on
hours worked and construct a measure of capital stock in the two regions.!? Given the
above values for the depreciation rate, the capital share and the deterministic growth rate,
a measure of capital stock can be derived using data on investment and the law of motion
for capital accumulation.'® The starting values for the capital stock in each country blocks
are obtained by using the capital to output ratio reported in the Penn Tables (e.g., Feenstra
et a. 2015).

Using equation 10, this procedure allows us to derive an aggregate measure of Solow

Residuals that corresponds to the growing economy:!4

12Given the above values for the depreciation rate, the capital share and the deterministic growth rate, the
capital stock can be computed using investment. The starting values for the capital stock in each country
blocks are obtained by using the capital to output ratio reported in the Penn Tables (e.g., Feenstra et a.
2015).

13With this particular specificication of adjustment costs, up to a first-order approximation, adjustment
costs have no effect on the law of motion of capital accumulation.

Tn section 2, since our model is consistent with balanced growth, we present the detrended economy
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The deterministic component I'; " can be eliminated by removing the linear trend and the
persistence and shock standard deviation parameters can be obtained by estimating the

following regression:

log Ay =py+palog Ar 1 +ca

Running the above regression yields an estimated value for the persistence parameter p,
of 0.917, whereas the constant 5, is not significantly different from zero. As for the shock

standard deviation, the estimated value for 0., that we obtain is 0.0051.

Labor market and capital intensity

To our knowledge, evidence on potential differences in labor supply characteristics or
capital intensities are not available for the Eurozone economies analyzed in this study. We
therefore assume that this set of parameters is identical across country blocks and calibrate
them using values that are considered standard in the literature. With this preference
specification, the curvature parameter v controls the Frisch elasticity of labor supply (e.g.,
Jaccard 2014). In line with recent findings, we choose a value for v and ¥ that implies a
Frisch elasticity of about 0.7 (e.g., Pistaferri 2003, Hall 2009, Chetty et al. 2011). The second
labor supply parameters v in the North and zz in the South are chosen to ensure that in the
steady state, agents spend on average about twenty percent of their time on work-related
activities. These two parameters pin down the steady state values of N and N , which are
set to 0.2. The capital share parameters o and « are assumed to be common across regions

and are set to 1/3, a standard value in the literature.

Financial intermediation

Given that lending and borrowing costs are a potentially important source of cross-
country heterogeneity, we use harmonized data on lending and borrowing rates to calibrate
the set of parameters associated with the structure of financial intermediaries across the two
regions. Real rates are obtained by deflating the nominal values computed for each country

using the harmonized index of consumer prices.

directly.
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Given the simplifying assumption that deposit rates in each region are determined by
monitoring costs, the two parameters x and k can be used to calibrate the average cost of
funding in each country block. The Euribor rate, which provides a measure of the cost of
obtaining funds on the interbank market, can be used to compute an average deposit rate.
In each country, the real deposit rate can then be obtained using the harmonized consumer
price index. As an average over the period from the first quarter of 1995 to the third quarter
of 2011, the average real rate paid by banks to obtain funds on the interbank market stood
at 1.86%, -0.25%, 1.00%, 0.86 and 0.65% in Germany, Greece, Italy, Portugal and Spain,
respectively. Using GDP weights to compute a weighted average, we obtain an average cost
of funding in the South of 0.79% vs. 1.86% in Germany.

Given that the difference in average deposit rates across the two country blocks is statisti-
cally significant, we introduce region-specific financial intermediation costs. In our quarterly
model, the average annual rate observed in the two regions can be matched by setting x to
0.0047 and & to 0.0020.

Since the financial efficiency parameters z and z drive a wedge between deposit and
lending rates, we use data on short-term loans to non-financial corporations to calibrate
these two parameters. As an average over the period from the first quarter of 2000 to
the third quarter of 2011, the average cost of obtaining short-term credit for non-financial
corporations stood at 3.25%, 3.04%, 2.30%, 3.50% and 1.95% in Germany, Greece, Italy,
Portugal and Spain, respectively. Using country weights to compute an index of the cost of
credit in the South of Europe, we obtain an average lending cost in that region of 2.31%.
Given the linear production function in the banking sector, these moments can be matched
by setting z to 0.5723 and z to 0.342.

Cross-border asset market

The fixed costs of issuing the safe asset in the North and South are denoted by ¢ and ¢,
respectively. In the absence of evidence suggesting otherwise, we assume that the structure
of the cross-border asset market is symmetric across country blocks. In each country, the
fixed cost of issuance is set to 0.01, which implies that a cost amounting to one percent of

the total stock of debt must be paid each period to issue debt internationally.

Moment matching procedure
The remaining parameters are calibrated to maximize the model’s ability to jointly re-

produce a series of stylized facts characterizing the dynamics of the main business cycle
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aggregates in both regions. The parameters characterizing the degree of cross-country het-
erogeneity across the two economies are firstly identified by matching the standard deviation
in both regions of investment and credit, which in Table 2 are denoted by std(i) and std(()
in the North, and std(i) and std(l) in the South. To maximize the model’s ability to ac-
count for the cyclicality of capital flows, we also include the correlation between output and
the trade balance to output ratios in the North and in the South, which are denoted by
corr (log yt, thy/y:) and corr <log Ui, thy / ﬂt) , respectively.

As we explain below, the dynamics of trade balances crucially depends on the effectiveness
of the investment margin, which in turn depends on the degree of capital adjustment costs.
Since adjustment costs modify the elasticity of the supply of capital, the parameters ¢ and
€ also have a first-order impact on the volatility of investment and the cyclicality of the
trade balance. The extent to which the investment margin is used by agents also depends on
the strength of their consumption smoothing motive, which is determined by the elasticity
of intertemporal substitution. Including the volatility of investment into the loss function
therefore also allows us to identify the two habit parameters m and m. In each country
block, the ease at which contracts can be enforced is captured by the two parameters p and
. For any given values of v and v, a weaker institutional environment, which in this model
implies higher values for 1 and i, makes it less likely that the enforcement constraints will
be satisfied. A tighter enforcement constraint not only reduces the equilibrium quantity of
loans that firms will obtain but also affects the ease at which consumption smoothing can
be achieved. Whereas . and 1 affect the entire system through general equilibrium effects,
including the volatility of credit in the set of moments to be matched mainly serves to identify
the two contract enforcement parameters.

To further identify the main sources of cross-country heterogeneity between the North and
South of Europe, we also maximize the model’s ability to account for long-term averages,
which capture persistent structural differences across the two blocks. The first long-term
ratio included into the loss function is the capital to output ratio in the two regions E(k/y)
and F (%/ ¥). As an average over the period from 1950 to 2011, the average capital to output
ratio in the North stood at 13.2, as compared to 16.5 in the South (e.g., Feenstra et al.
2015). To capture differences in the extent to which firms rely on credit to finance their
activity, we also use an indicator of the quantity of credit to non-financial corporations as a

fraction of output in the two regions. As an average over the period from the first quarter
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of 1995 to the third quarter of 2011, the average loan to output ratio E(l/y) stood at 0.56
in the Germany. In the South of Europe, this ratio denoted by E(T/ y) reached 0.72. On
average, the South therefore accumulates more capital and is more reliant on bank credit
that the North. Moreover, the difference in capital and credit intensity across the two regions
is statistically significant.

Given that we have fixed the value of the two capital depreciation parameters, introducing
differences in the two subjective discount factor § and E is the only margin left to match
the difference in capital to output ratios observed across the two regions. Whereas these two
parameters are mainly identified by E(k/y) and E(k/7), they also have a first-order impact
on the volatility of investment std(i) and std(i). Since the parameters n and 7/ measure
the tightness of the loan-in-advance constraint, they can be associated to the loan-to-output
ratios E(I/y) and E(1/7), respectively.

Finally, given that one objective of the paper is to provide a quantitative assessment of
the importance of common shocks for the dynamics of imbalances, it is important to ensure
that the average trade balance to output ratio observed in the data can also be reproduced.
As an average from the first quarter of 1995 to the third quarter of 2011, the average trade
surplus of the North with respect to the South amounted to 1.59% of GDP. In the South,
the average deficit with the North observed over this period stood at -1.39% of GDP.

TABLE 1: BENCHMARK CALIBRATION
e ¢ m m u E 9 [ = x B B
1.28 3.30 0.89 0.93 5.8 7.7 0.59 0.75 095 099 0.98 0.99

In the context of our model, the demand for the foreign asset, which in turn determines net
foreign asset accumulation, depends on the utility share parameters 1 — s and 1—3z. Since we
have assumed that the cost of producing the internationally traded asset is symmetric across
countries, introducing heterogeneity in the preference for the foreign asset therefore generates
differences in the variation of a country’s net foreign asset position, which are measured by
the respective trade balances. As a result, these two parameters are mainly identified by the
trade balance to output ratios E(tb/y) and E(tb/7). Given our Cobb-Douglas specification,
2 and 7 measure the share of consumption in the utility function and also affect agents’
consumption and saving decisions. These two parameters therefore also have an significant

impact on the volatility of investment.
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TABLE 2: BUSINESS CYCLE MOMENTS
HP-filtered Data

Data Model
Estimated 95% CI Generated
std(log i) 3.69 [3.15, 4.45] 3.61
std(log i) 2.69 [2.30, 3.25] 2.70
std(logl;) 2.48 2.12, 2.98] 2.48
std(log ;) 3.25 2.77, 3.91] 3.24
corr (log ys, thy/y) 0.59 [0.30, 0.66] 0.51
corr (log Tr. thy /§t> 0.58  [-0.68, -0.33] -0.50
Long-term Average Ratios
Data Model
Estimated 95% CI Generated
E(k/y) 13.2 [12.8, 13.7] 13.2
E(k/7) 16.5 [15.8, 17.2] 16.5
E(l/y) 0.56 [0.55, 0.57] 0.56
E(1/7) 0.72 [0.67, 0.77] 0.72
E(100 tb/y) 1.59 [1.38, 1.81] 1.59
E(100 tb/7) 139 [-1.55, -1.22] -1.39

Introducing a demand for a safe asset using this strategy is similar in spirit to the strand of
literature that introduces real money balances into the utility function. Available estimates
of the share of money in the utility function using a Cobb-Douglas specification typically
suggests that, whereas money contributes to utility, the magnitude of this effect is also
likely to be small (e.g., Finn et al. 1990, Holman 1998). To ensure that the value that we
obtain for these two parameters remains in the range of values accepted in the literature,
we restrict 1 — 3¢ and 1 — 3¢ to coefficients strictly superior than 0 but inferior or equal than
0.05. The outcome of this moment matching procedure is shown in Table 2, which reports
the combination of parameter values that maximizes the model’s ability to reproduce the

moments reported in Table 2.
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Are the constraints always binding?

In this model where lending and borrowing decisions occur within the period, it can be
shown that the enforcement and loan-in-advance constraints, which are given by equations
(3) and (4) in the North, are always strictly binding. This can be established by considering
the three following cases: (i) a version of the model that abstracts from the loan-in-advance
constraints but in which the enforcement constraints are present, (ii) a version of the model
in which the loan-in-advance constraint are present but that abstracts from the enforcement
constraints and (iii) a version of the model without these two constraints; and by showing
that, if present, these constraints are always satisfied with strict equality.

(i) Start by considering a version of the model that abstracts from the loan-in-advance
constraints. In this case, notice that the quantity of loans produced in this economy goes
to zero. This follows from the maximization problem of firms in the non-financial corporate
sector. Since obtaining credit lines is costly, profit maximizing firms have no interest in
demanding a positive quantity of credit in a version of the model in which the loan-in-
advance constraints are not present. Moreover, the fact that a monitoring cost given by
k and K in the South has to be paid by households when depositing funds in the banking
sector ensures that the deposit rates rp and rp are always strictly positive. From the profit
maximization condition in the banking sector, which links the deposit to lending rates in the

two regions, 11, and 77; are therefore also always strictly positive, since:

e = TDt/Z and ?Lt = ?Dt/z

and provided that the two exogenous efficiency parameters z and z cannot take negative
values. Since the cost of obtaining credit is always strictly positive, this ensures that the
quantity of deposits and loans is equal to zero in the model without the loan-in-advance
constraints. The quantity of output produced in this model being always strictly positive,
the cases l; > 1 (w,N; + riik;) and/or I, > 7 (iﬁtﬁt + ?KtEt> therefore never occur in the
version of the model that abstracts from the loan-in-advance constraints. This establishes
that, if present, the loan-in-advance constraints must therefore always be satisfied with strict
equality.

Notice that in the version of the model in which the loan-in-advance constraints are not
present, the enforcement constraints are always satisfied with equality. This follows from

the fact that, without the loan-in-advance constraints, profits are given by output minus the
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cost of renting capital and labor, which with a Cobb-Douglas production function implies
zero profit. When firms make zero profit, the payoffs from operating the firm instead of
walking away v and v are also equal to zero, since they are determined by the discounted
sum of future profits. The case ul; < v, and/or ﬁth < 1; therefore never occurs when the
loan-in-advance constraint is not present.

(ii) We can also verify that the constraints are never weakly binding in the version of
the model in which the loan-in-advance constraints are present but that abstracts from the
enforcement constraints. In this case, this follows from the fact that profits are always
equal to zero. In the North, this can be seen by noticing that in this particular case, the

loan-in-advance constraints and profit conditions are given as follows:

l, — Nyt
t = T wp
1+77)\—t

Wt
Ubw B I
= Yt TLtlt

Tpt = —————
1+nM

where w is the Lagrange multiplier associated to the loan-in-advance constraint and where
the optimality conditions with respect to credit implies that r;; = % Combining these first-
order conditions, we therefore have that mr, = 0, which in turn implies that v; = 0. Since
output and as a result credit are always strictly positive when the loan-in-advance constraints
are present, the cases ul; < vy and/or ﬁﬁ < vy therefore never occur in equilibrium.

(iii) Finally, when none of these constraints are present, the model reduces to a frictionless
neoclassical growth model in which the quantity of credit produced in the economy is zero
and where firms make zero profit. As discussed above, these constraints are never weakly

satisfied in this case.

4 Results

The outcome of this moment matching procedure is reported in Table 1 and the estimated
moments that are used to calibrate the main parameters are reported in the first column of
Table 2. The second column reports the estimated 95% confidence interval for the estimated
moment, and the corresponding model implications are reported in the third column.

The results reported in Table 2 suggest that the model is able to replicate the moments
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that were targeted. Asin the data, investment is more volatile in the North than in the South,
whereas credit is more volatile in the South. As can be seen in Table 1, the higher volatility of
investment in the North is firstly explained by selecting a higher adjustment coefficient in the
South than in the North, i.e. € < €. Secondly, introducing a higher elasticity of intertemporal
substitution in the South than in the North also contributes to explain the higher volatility
of investment in the North. With this preference specification, this is achieved by selecting
a lower habit parameter in the North, i.e. m < m.

As for credit, the results shown in Table 2 illustrate that the higher volatility of credit
in the South can be accounted for if the walk away constraint is tighter in the South than
in the North. A value for p that is higher than p implies that contracts are relatively more
difficult to enforce in the South than in the North. We have cross-checked this result by
comparing this prediction with a series of indicators measuring contract enforcement. As
illustrated by Figure A.6, the rule of law index, an indicator that includes proxies for contract
enforcement such as the number of days needed to enforce a contract, clearly suggests that
contracts enforcement is typically weaker in the South than in the North. Another measure
of contract enforcement, such as the strength of legal right index, provides a similar picture.
As an average over the period from 2013 to 2017, the value for the strengths of legal right
index reported by the World Bank stood at 6 in Germany as compared to a value of 3.1 in
the South of Europe.'?

The higher subjective discount factor in the South that we obtain, i.e. B > 3, reflects
the difference in average capital to output ratios observed in the data. Since a higher value
for this parameter implies higher capital accumulation, the model explains the difference in
capital to output ratio by assigning a higher degree of patience to agents in the South. The
higher value for the loan-in-advance parameter in the South than in the North, i.e. > 7,
can be explained by the stronger dependence on bank credit observed in the South. On
average, the loan to output ratio is higher in the South, which in our model implies a tighter
loan-in-advance constraint in that region.

The difference in trade balance to output ratios is accounted for by selecting a higher
preference for the foreign asset in the North than in the South, i.e. 1 — > > 1 — 3. Given

that our assumption of a common cost of producing financial assets across countries, this

15Source: World Development Indicators. Private sector and trade - business environment, strength of
legal rights index. The value for the South is obtained by computing a weighted average using GDP shares
to obtain country weights.
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stronger appetite for foreign assets in the North implies that, in equilibrium, net foreign asset
accumulation is on average positive in the North and negative in the South, i.e. E(s) > E(s).

To gain intuition into this result, it is useful to analyze how the relative net asset position
of a country affects its trade balance in the deterministic version of the model. Since the
trade balance measures the change in net foreign asset accumulation, which in the North is

given as follows:

thy = (YDstSe41 — YPseSe1) — (5t — t),

In the deterministic version of the model, a positive trade balance in the North tb > 0 is

thus observed if:

- —1
Yps — 1

Since a small difference in subjective discount factors is necessary to reproduce the capital to
output ratios in the two regions, the price of the safe assets in the two regions pg and pg are
almost equal to each other. Given the assumption of a common deterministic growth rate
7, the term (yps — 1)/(vps — 1) is approximately equal to unity. Since a higher demand for
foreign assets in the North implies that s > s, the region’s trade balance is therefore positive
when 1 — »¢ > 1 — 3¢. Although this relationship is also affected by uncertainty, the effect
of the two preference parameters > and ¢ on foreign asset accumulation remains the main

driver of long-term imbalances in the stochastic version of the model.

The dynamics and cyclicality of financial imbalances

To illustrate how the different sources of structural heterogeneity affect the dynamics of
trade balances, Table 3 below reports the correlation between output and the trade balance
to output ratio, the mean trade balance to output ratio and the standard deviation of the
trade balance to output ratio in 4 different cases. As in Table 2, the stylized facts are shown
in the first part of the table and the four different versions of the model are reported in
columns 1 to 4.

The symmetric model, which is reported in column 1, is a version of the model in which
all sources of heterogeneity are eliminated. This calibration is obtained by computing an
average value across regions for the parameters reported in Table 1. In the case of the

adjustment cost parameters ¢ and € for instance, the symmetric calibration is obtained by
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taking the average value between 1.28 and 3.30. As shown in column 1, in a model with
common shocks and without any source of cross-country heterogeneity, trade balances in
each country bloc are constant and always equal to zero. Relative to the symmetric baseline
model, column 2 shows a version of the model in which differences in the utility share of
the foreign asset, i.e. 3 < 3z, is the only source of cross-country heterogeneity. Notice that
introducing different preferences for holding the foreign asset is sufficient to characterize the
dynamics of trade balances. It is possible to match exactly the trade balance to output
ratio in the North and explain the procyclicality of the trade balance to output ratio in the
North. Moreover, Model 2 generates fluctuations in the trade balance to output ratios of a
magnitude close to that observed in the data.

Model 3 shows how the introduction of capital adjustment cost affects the dynamics of
financial imbalances. Relative to Model 2, the only change is that we reintroduce different
values for the capital adjustment costs parameters by using the values reported in Table 1.
Relative to Model 2, the first main change is that the model is no longer able to correctly
account for the direction of capital flows. In both regions, the correlation coefficient changes
sign. While it is still possible to generate a steady state surplus in the North and a deficit
in the South, the volatility of the trade balances decreases dramatically. Relative to Model
2, in the North, introducing differences in capital adjustment costs reduces the volatility of
the trade balance to output ratios from 0.24 to 0.05.

Model 4 is the benchmark version with all sources of cross-country heterogeneity that
matches the moments reported in Table 2. Relative to Model 3, the main difference is that
this version reproduces the correlation between output and the trade balance observed in
the two countries. Relative to Model 2, however, the main difference is that Model 4 cannot
generate fluctuations in trade balances that are sufficiently volatile. The results obtained
using Model 2 illustrate that it is in principle possible to generate fluctuations in trade
balances that are as volatile as in the data in a model with common shocks and structural
differences across countries. This also illustrates that the low standard deviation of trade
balances reported in Table 2 is essentially due to the difference in adjustment costs that is

necessary to match the volatility of investment in the two regions.

The volatility of consumption and welfare
As illustrated in Figure A.7 and A.8, in the Eurozone and in the European Union,

consumption relative to output is generally more volatile in countries where the trade balance
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is more countercyclical, as it is the case in the South of Europe. The last two rows of Table 3
compare the standard deviation of consumption predicted by the four different models with
the data.

Although this moment was not targeted, Model 4 is still able to generate fluctuations in
consumption in the South that are more volatile than in the North. The results reported in
column 2 illustrate that the difference in consumption volatility obtained in Model 4, which
includes all sources of structural heterogeneity, is essentially due to differences in demands
for the foreign asset. The countercyclicality of the trade balance in the South implies that the
region increases its deficit during periods of expansion. Increasing borrowing in good times
also implies that the region needs to close its current account deficit during recessions. The
greater volatility of consumption in the South is therefore explained by the procyclicality of

net capital inflows, which makes consumption smoothing more difficult to achieve.

TABLE 3: FINANCIAL IMBALANCES AND CONSUMPTION

Models
Data 1 2 3 4

Estimated  95% Conlf. Symm. < <,  Heterog.

Moment Interval Model only € <éonly Model
corr (log yt, thy/yy) 0.59 [0.30, 0.66] NA 0.99 -0.78 0.51
corr (log 7, tby /gt) 0.58  [-0.68, -0.33] NA  -0.99 0.78 -0.50
E(100 tb/y) 1.59 [1.38, 1.81] 0 1.59 1.59 1.59
E(100 tb/7) 139 [-1.55, -1.22] 0 149 -1.50 -1.39

Additional implications

Std(tbt/yt) 0.23 [0.20, 0.28] 0 0.24 0.05 0.05
std(tb, /7,) 0.19 [0.17, 0.23] 0 0.24 0.05 0.05
std (logey) 0.72 [0.62, 0.87] 1.08 0.99 0.86 0.81
std (log@) 0.98 [0.84, 1.18] 1.08 1.17 1.00 1.17

Notice that this difference in the cyclicality of net capital inflows experienced by the two
trading partners also has welfare implications. As shown in Table 4 below, the procyclicality
of net capital inflows in the South implies a greater welfare cost of business cycle fluctuations
(e.g., Lucas 2003) than in the North. This can be illustrated by analyzing how uncertainty

affects the ergodic mean of consumption in both regions. Relative to the deterministic case,
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which is obtained by setting the shock standard deviation to zero, consumption is on average
1.4% higher in the South in the model that reproduces the moments shown in Table 2. This
illustrates that in equilibrium agents need to be compensated by a higher average level
of consumption in economies subject to procyclical net capital inflows. In the North, by
contrast, this risk compensation is equal to zero because the countercyclicality of net capital
inflows experienced in that region provides an insurance against shocks.

The welfare cost measures reported in the second column correspond to the symmetric
baseline model in which trade balances are constant and equal to zero. Without any fluctu-
ations in trade balances, the welfare cost is symmetric across countries. Once fluctuations
in trade balances are introduced, relative to the symmetric benchmark, the welfare cost in-
creases in the region where net capital inflows are procyclical and decreases in the region

where consumption is less volatile.

TABLE 4: WELFARE COST AND IMBALANCES

Heterog. model Symmetric model

Bloe 0.0 0.3
A 1.4 0.3
corr (logyy, thy /yr) 0.51 NA
corr (logﬂt, ﬁ)t/ﬂt> -0.50 NA

The persistence of imbalances

The left panel of Figure B.1 shows the response of the trade balance to output ratios in the
North and in the South in response to a positive technology shock. The response of output
is shown on right panel. Whereas the model calibrated to match the moments reported in
Table 2 cannot explain the high standard deviation of trade balances, the fluctuations in
net capital flows generated by this mechanism can be very persistent. To further illustrate
this point, we also report a measure of medium-term frequency volatility. This is achieved
by filtering the data using a band-pass filter and by selecting a frequency ranging from 32
to 120 quarters. The first column reports the short-term volatility of the trade balance,
which corresponds to fluctuations from 8 to 32 quarters. The comparison between the model
implications and the data confirms that this model is only able to explain a small fraction

of the volatility of net capital flows observed at business cycle frequency.
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As illustrated in the second column, which reports the respective standard deviations
corresponding to frequencies ranging from 32 to 120 quarters, the model’s ability to reproduce
the volatility of net capital flows improves once lower frequency fluctuations are taken into
consideration. At medium-term frequency, the model explains about 40% and 50% of the
standard deviation of the trade balance to output ratios observed in the North and in the
South, respectively. In sum, our study confirms that common technology shocks are unlikely
to matter much for variations in trade balances at business cycle frequency (e.g., Glick and
Rogoff 1995). At the same time, our main novel result is that the combination of common
shocks and structural asymmetries could contribute to explain a non-negligible fraction of
the lower frequency fluctuations in capital flows observed in the Eurozone.

From a policy perspective, it must be emphasized that in Europe long-term developments
that can lead to the build-up of persistent trade deficits or surpluses are subject to particular
scrutiny. In particular, lower frequency movements in trade balances are closely monitored
and persistent deviations from long-term trends can trigger corrective actions if judged un-
sustainable by the regulator. The recent introduction of a procedure aimed at correcting
macroeconomic imbalances (e.g., European Commission 2016) illustrates that understand-
ing the determinants of longer-term movements in net capital flows is an important policy

question.

Band Pass 8-32 Band Pass 32-120
Data 95% CI Model Data 95% CI Model

std(tb,/y,) 0.18 [0.15,0.22] 0.045 0.45 [0.38,0.54] 0.18
std(th,/7,) 0.15 [0.13,0.18]  0.04 0.32 [0.28,0.39] 0.16

Main limitations

The first main limitation of the model is its inability to reproduce cross-country corre-
lations. As shown on the right panel of Figure B.1, output in the two regions increases in
response to a positive shock. Whereas the net inflow of capital in the South generates a
more persistent expansion in that region, on impact the common shock leads to an increase
in output that is perfectly synchronized. This implies a correlation between output in the
North and the South of 0.99, which is at variance with the facts. Although the introduc-
tion of incomplete international markets implies that marginal utilities of consumption are

not equalized across regions, the model also fails to reproduce the low correlation between
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consumption in the North and in the South that we observe in the data.'® A second main
limitation is that the banking sector is too stylized. Whereas it is possible to reproduce the
volatility of credit, it is for instance not possible to simultaneously account for the dynamics

of deposits.

5 Deconstructing the mechanism

In the literature, the build-up of financial imbalances in the euro area is often associated
with the decline in real rates observed since the mid-1990’s (e.g., Gopinath et al. 2017;
Fernandez-Villaverde et al. 2013). In our environment, the effect of real interest rates on the
dynamics of trade balances is captured by the fluctuations in the price of the traded asset
induced by common shocks. In response to a positive technology shock, as shown in Figure
B.2, real rates decline and the price of the traded asset issued by both regions increases.
Since the price of the traded assets ps and pg is inversely related to fluctuations in real
rates, a change in real interest rates has a direct effect on net capital flows by affecting the
terms at which countries lend and borrow on the international cross-border asset market.
Introducing common technology shocks is therefore a way to capture the effect of changes in

real interest rates on the dynamics of capital flows across the two regions.

A stronger intertemporal smoothing motive in the South

As shown in Table 4, the dynamics of capital flows implied by this mechanism leads to
differences in the welfare cost of business cycle fluctuations across regions. Intuitively, a
decline in real interest rates is good news for the debtor region since it lowers the cost at
which the region finances its trade deficit. But the fact that this decline in real interest
rates occurs in good times is a source of procyclicality because, in net terms, it means that
the income raised on the cross-border asset market increase in booms and therefore declines
during periods of recession.

The key is that the differentiated impact of common shocks on creditor and debtor regions
generates a stronger intertemporal smoothing motive in the South. To illustrate this point,
the upper left panel of Figure B.3 shows the response of marginal utility in the two regions in
Model 2, which corresponds to the case in which differences in the utility share parameters >

and 3¢ are the only source of cross-country heterogeneity. There is a stronger intertemporal

16See Dimitriev (2017) for a resolution of the co-movement puzzle in a two-country model.
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smoothing motive in the South in the sense that the decline in marginal utility in that region
is more pronounced. A favorable shock increases consumption and lowers marginal utility in
both regions on impact but the key difference is that this decline in marginal utility is more
persistent in the debtor economy.

The upper right panel in Figure B.3 shows the response of marginal utilities in Model 2
when habit formation in both regions is switched off by setting m = m = 1. Compared to
the left panel, which corresponds to the case m = m = 0.91, the difference in the response
of marginal utilities is much smaller in the model without habits. This illustrates that
the introduction of habits strengthens the model’s endogenous propagation mechanism by
amplifying the effect of cross-country heterogeneity.

The lower left panel shows again the response of marginal utilities to a positive com-
mon shock but this time in the benchmark model with all sources of heterogeneity that is
calibrated to match the moments reported in Table 2. As can be seen by comparing the
upper left and lower left panels, most of the difference in the dynamics of marginal utilities
can be obtained in the version of the model in which 3 > s is the only source of cross-
country heterogeneity. The lower right panel shows the dynamics of marginal utility in the
benchmark model when we abstract from habit formation. This illustrates that the stronger
intertemporal smoothing motive in the South is obtained by combining differences in the
preference for foreign assets with a degree of habit intensity that could be common across
regions.

The sharp and more persistent decline in marginal utility in the South in response to
a favorable shock implies a strong desire to build safety buffers. In this economy, this is
achieved by accumulating physical capital, which as we explain below, is the best hedge
against business cycle fluctuations for this particular combination of parameter values. This
point can be illustrated by comparing the response of capital in the two economies. Figure
B.4 shows the response of the respective capital stocks k£ and k. In response to a favorable
common shock that lowers real interest rates, physical capital accumulates much faster in
the South than in the North.

The presence of an international capital market allows agents in the South to increase
capital accumulation beyond the level that could have been reached in an economy without
a cross-border asset market. As shown by the strong increase in the region’s capital stock,

during boom periods, the South uses some of the increase in revenue induced by the increase
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in asset prices to finance capital accumulation. In other words, during periods of expansion,
the debtor economy increases its net issuance of financial assets and takes advantage of the
lower real interest rates to finance an investment boom. Whereas favorable shocks lead
to stronger increase in investment in the North on impact, the key is that the increase in
investment in the South is more persistent that in the North. As shown by the hump-
shaped response of the trade balances in both regions shown in Figure B.1, this increase
in investment in the South is financed by persistent net capital inflows, which then explain
the much larger effect of common shocks on capital accumulation in the South than in the
North.

The valuation effect

Changes in real interest rates have a direct effect on net capital flows by changing the
price at which the two assets are traded across borders. Since fluctuations in net capital flows
also depend on the response of quantities, this subsection starts by isolating the contribution
of the valuation effect, i.e. the impact of a change in pg and pg, on the dynamics of trade
balances. The contribution of the quantity effect is studied in the next subsection. The
objective of this first subsection is to show that the valuation effect is the main cause of
the procyclicality in the debtor region, which in turn leads to differences in intertemporal
smoothing motives.

A decline in real interest rates affects net asset positions through the response of the price
at which the two assets ps and pg are traded. The effect of asset prices on the respective
economies, which we refer to as a valuation effect, critically depends on the country’s net
asset position before the shock hits. At steady state, whether a country is net debtor or
a net creditor is determined by the difference in preference for the foreign asset, which we
capture by introducing different parameter values for the utility share parameters s and .
The first-order effect of these two utility share parameters on s and s can be illustrated using
the deterministic steady state of the model. In the North, the demand for the foreign asset

is determined by the optimality condition with respect to s :

M@}
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In the South, the supply of asset is determined by the fixed cost of issuance and is given as

follows:
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In the deterministic steady state of the model, the quantity of foreign assets held in the

North is therefore given by following formula:

_ I} 1—
BL+3)—p

which illustrates that, up to a first-order approximation, a higher utility share 1 — ¢ raises

(S RV)

the equilibrium quantity of foreign assets held in the North. A similar relationship can be

derived in the South where the link between the utility share parameter and s is given by:

s I5; 1—2

¢ Blt+q) -8 *

Given the difference between > and 3¢ needed to match the average trade balances in the

two regions, this calibration implies a positive net steady state asset position in the North,
7.e. § > s and a negative one in the South, i.e. s < 5. In other words, this difference in
preference implies that, in the steady state, the North is a net creditor whereas the South is
a net debtor. Of course, average net asset positions are also affected by uncertainty. But as
we explain below, the difference in sc and 3¢ has a first-order effect on net asset positions.
Next, in order to better understand how the initial asset position affects the transmission
of shocks, consider the case of a favorable common shock that decreases real interest rates
in both regions. In both economies, the decline in real interest rates, or increase in asset
prices, raises the revenue received from selling the traded asset abroad. But since the South
is a net debtor, in the sense that the average quantity of asset issued by the region and sold
abroad is greater than the quantity purchased from abroad, a decline in real borrowing cost
is good news for the region. In net terms, the higher value of asset prices implies that the
net income from trading on the international asset market received by agents in the South
increases. In the North, since the region is a net creditor, a decline in real interest rates has
the opposite effect. Of course, the evolution of the trade balance in both regions not only
depends on this valuation effect but also on the dynamics of quantities. On impact, however,
this valuation effect has a dominating impact on the dynamics of trade balances. This point

can be illustrated by totally differentiating the expression that defines the trade balance in
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the North:

dtb, = (7§dﬁ5t - VSdPSt) + (Vﬁsdgtﬂ - “Ypsdstﬂ) + (dSt - d@)

~ J/ (& /

Valuation effect Quantity effect

where we use the model’s deterministic model as the approximation point.!” Changes in
the trade balance in the North dtb; can thus be decomposed into a valuation and a quantity
effects. The valuation effect isolates the contribution of a change in prices, which are denoted
by dps; and dpg;, on the dynamics of the trade balance and the above expression illustrates
that this effect crucially depends on the steady state values of s and s. Without any difference
in 5 and s, the change in prices would almost completely offset each other since, as shown
on Figure B.2, the dynamics of asset prices is very similar across countries. When s and s
differ, the key is that this valuation effect can be positive or negative depending on whether
the country is a net debtor or a net creditor.

In the North, the region’s positive net steady state asset position, i.e. s > s, implies
that this valuation effect has a positive impact on the trade balance. To illustrate this
point, Figure B.5 shows the response of the trade balance in the North, in deviation from
steady state , i.e. th; — tb, and decomposes the total effect into the valuation and quantity
effects shown above. This decomposition illustrates that, on impact, the higher trade surplus
obtained in the North in response to a positive shock is driven by this valuation effect. In our
environment, common technology shocks therefore lead to movements in real interest rates
that are common across countries and, as in Kraay and Ventura (2000), favorable shocks

lead to a deficit in the debtor country and to a surplus in the creditor economy.

A hedging motive

For the calibration that we consider, the response of quantities attenuates the valuation
effect induced by changes in real interest rates and can therefore be interpreted as a hedging
motive. In the South, since the fluctuations in asset prices are a source of procyclicality, the
strong increase in the demand for the foreign asset (see the red dotted line in the left panel
of Figure B.6) in that region contributes to attenuate the procyclicality of net capital inflows

experienced during periods of expansion.

17 dtb, therefore denotes the difference between the trade balance at time ¢ and its value in the deterministic
steady state of the model, i.e. tb.
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In the North, since the cyclical behavior of asset prices attenuates the cost of business
cycle fluctuations, it is optimal for the region to reduce its exposure to the foreign asset (see
blue continuous line in Figure B.6) in response to a favorable shock. The decline in real rates
induced by a positive shock increases asset prices, which implies that purchasing the foreign
asset becomes more expensive during booms. Since the cost of business cycle fluctuations
is low in the North, agents are unwilling to pay a higher price to accumulate the foreign
asset during periods of expansion. In good times, the region therefore reduces its exposure
to fluctuations in the price of the foreign asset pg, which explains the decline in s induced
by this hedging motive.

Figure B.5, which shows this decomposition in the North, illustrates that the quantity
effect reduces the rise in the region’s trade surplus in response to a favorable shock. In both
regions, the optimal portfolio allocation therefore attenuates the valuation effect induced by
the fluctuations in the two asset prices ps and ps. The hump-shaped dynamics of trade
balances shown in Figure B.1 can therefore be explained by this hedging motive, which

attenuates the impact of price movements on net capital flows.

The cyclicality of capital flows and the investment margin

Given the higher intertemporal smoothing motive in the South induced by this mecha-
nism, whether net capital inflows are procyclical or countercyclical very much depends on
the efficiency of the investment margin. As documented in the asset pricing literature (e.g.,
Jermann 1998), combining frictions that reduce the potential for intertemporal smoothing
with habit formation increases the volatility of marginal utility. In terms of the consumption
and saving decision, theses larger fluctuations in marginal utility create a stronger demand
for capital in good times, since accumulating capital when consumption is high allows agents
to transfer wealth from today to tomorrow, which is how consumption smoothing is achieved
in this class of models.

In our environment, the main difference is that two assets are available to achieve con-
sumption smoothing. Agents can either accumulate domestic capital or the foreign financial
asset. Whether this stronger smoothing motive in the South leads to movements in the
trade balance that are procyclical or counteryclical therefore depends on which of these two
margins is most intensively used to achieve consumption smoothing.

For the benchmark model that reproduces the moments shown in Table 2, the large ef-

fect of favorable shocks on capital accumulation in the South shows that investment is the

35



main margin that agents in that region use to achieve consumption smoothing. Since phys-
ical capital only depreciates slowly over time, and since the financial asset is a short-term
asset, domestic capital accumulation is a better hedge against business cycle fluctuations.
In response to a positive shock, consumption increases and since the increase in domestic
production is not sufficient to finance the desired level of capital accumulation, the opti-
mal choice is to borrow from abroad to finance part of the increase in domestic capital by
increasing the region’s trade deficit.

Whether the trade balance in the South deteriorates or improves in response to a positive
shock critically depends on the efficiency of the investment margin. In a model with capital
adjustment costs, the efficiency of the investment margin is determined by the two parameters
e and €. This point is illustrated in Figure B.7 below, which compares the response of the
trade balance to output ratios in the South in three different cases. The black thick lines
shows the response obtained in the benchmark model that reproduces the moments shown
in Table 2. The blue continuous line is the case in which capital adjustment costs in the
North are removed by setting € to zero. The dashed purple line is the model without capital
adjustment cost in the South, which, relative to the benchmark model is obtained by setting
€ to zero. Table 5 below reports the welfare cost of business cycle fluctuations and the
correlation between the trade balance to output ratio and output in each case.

Notice first that the cost of business cycle fluctuations in always higher in the South than
in the North, even in the version of the model that abstracts from adjustment costs in the
South. In all three cases, we also have checked that marginal utility is always more volatile
in the South than in the North. The stronger intertemporal smoothing motive in the South
than in the North is therefore not due differences in capital adjustment costs.

Given this stronger intertemporal smoothing motive in the South, what critically de-
pends on the degree of adjustment costs is the margin that is used to achieve consumption
smoothing. In response to a favorable shock, whether the deficit in the South improves or
deteriorates depends on the relative efficiency of the country’s investment margin. Consider
first the case in which the investment margin in the South is made more attractive than in
the benchmark calibration, which corresponds to the case € = 0. When capital adjustment
costs in the South are low, domestic capital accumulation in that region is a particularly
good hedge against business cycle fluctuations. As illustrated by the blue continuous line

in Figure B.7, relative to the response obtained in the benchmark model, the decline in the
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region’s trade balance in response to a favorable shock is even more pronounced in this case.
If the investment margin is efficient, this illustrates that the region most affected by business
cycle fluctuations finances domestic capital accumulation by running a trade deficit in good
times. The magnitude of the deterioration of the region’s trade balance increases as the
degree of capital adjustment costs in the region declines.

If, in relative terms, the investment margin in the South is made sufficiently unattractive,
the foreign asset becomes the preferred hedge against business cycle fluctuations. This point
is illustrated by the dashed purple line in Figure B.7. If we eliminate capital adjustment
costs in the North, a positive shock generates a trade surplus in the South. Intertemporal
smoothing in the South is therefore best achieved by using the international capital market
instead of the investment margin when accumulating capital is too inefficient. In terms of the
decomposition shown above, when capital accumulation is too costly, the hedging motive is
so strong that the quantity effect has a dominating impact on the dynamics of trade balances.
The trade balance in the South improves in response to a favorable shock, which contributes
to facilitate consumption smoothing by generating countercyclical net capital inflows in the

region most affected by business cycle fluctuations.

TABLE 5: INVESTMENT MARGIN AND NET CAPITAL FLOWS

Benchmark Model No adj. costs, South No adj. costs, North

€>¢€ €=0 e=0

B9« 0.0 0.05 0.06

s 1.4 0.09 0.14

corr (log yt, the/y:) 0.51 0.99 -0.97
corr <10g Ur, thy /@) -0.50 -0.99 0.99

A stronger precautionary saving motive in the South

The direction of capital flows is determined by the difference in intertemporal smoothing
motives, which leads to larger fluctuations in marginal utilities in the South than in the North.
This mechanism also generates a stronger precautionary saving motive in the South than in
the North. This point can be illustrated by analyzing how risk affects capital accumulation
in the two economies. In the benchmark model, as shown in Table 2, the average capital to

output ratio observed in the two regions can be matched and this ratio is 13.2 and 16.5 in
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the North and in the South, respectively. In the deterministic version of the model, which
is obtained by setting the shocks standard deviation o, to zero, the capital to output ratio
declines by about 1.5% in the South. In the North, risk has a smaller effect on capital
accumulation and the average capital to output ratio is only 0.4% higher in the economy
subject to business cycle fluctuations.

In the South, this precautionary increase in the capital to output ratio due to risk is
financed by running a larger deficit. As shown in Table 2, the average trade balance to
output ratio in the South predicted by the model is -1.39%. Removing uncertainty would
reduce the magnitude of this deficit from -1.39% down to -1.18%. This comparison also
illustrates that risk only has a second-order effect on the magnitude of average imbalances
in this environment. Introducing differences in preferences for holding foreign assets, i.e.
s and 7, is the main driver of long-term imbalances. Relative to Fogli and Perri (2015),

precautionary saving therefore plays a smaller role in our case.

The effects of financial frictions

Given that financial frictions play a key role in our analysis, this subsection studies the
sensitivity of the dynamics of capital flows to a change in calibration. The upper left panel
in Figure B.8 shows how a change in the tightness of the walk away constraint in the South
1 affects the correlation of the trade balance with output in the two regions. The upper
right panel shows the effect of a change in iz on the standard deviation of the trade balance
to output ratios in both regions. As shown by the two upper panels, varying i from 1 to
10 only has a moderate impact on the dynamics of capital flows. In both regions, the trade
balance to output ratios become less volatile as the degree of financial frictions in the South
increases but the effect remains small in magnitude. Varying ;i also has a moderate impact
on the cyclicality of the trade balance in the two regions.

The two lower panels of Figure B.8 illustrate that the tightness of the loan-in-advance
constraint has an impact on the dynamics of capital flows that is very similar to the one
obtained by varying p. Overall, this suggests that the degree of cross-country heterogeneity
in financial frictions only has a moderate impact on the cyclicality and volatility of trade
balances.

It should be noted that the sensitivity of capital flows to changes in the tightness of the
financial constraints crucially depends on the degree of capital adjustment costs. For low

levels of adjustment costs, differences in financial frictions have a much stronger impact on
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the volatility and correlation with output of the ratios tb/y and 157)/ v.

The role of habits

As explained above, the strength of the model’s endogenous propagation mechanism
critically relies on the introduction of habits in the composite good. As illustrated by Figure
B.3, a stronger intertemporal smoothing motive in the South can still be obtained in a
version of the model in which differences in preferences for holding the safe asset is the only
source of cross-country heterogeneity. Introducing differences in elasticities of intertemporal
substitution is however a source of cross-country heterogeneity that has a strong impact on
the dynamics of capital flows. This point is illustrated in Figure B.9, which shows how a
change in the habit parameter in the South affects the volatility and standard deviation of
the trade balance to output ratios in both regions.

As shown on the left panel, relative to the benchmark calibration, reducing the intensity
of habits by raising m above 0.93 increases the volatility of trade balances in both regions. In
the North, for instance, increasing m from 0.93 to 0.99 generates an increase in the volatility
of the trade balance to output ratio from 0.045 to 0.4. Although common technology shocks
are the only source of fluctuations, this sensitivity analysis illustrates that this model has
the potential to match the volatility of the trade balance to output ratios observed in the
data.

The right panel shows that reducing the intensity of habits in the South exacerbates the
procyclicality of net capital inflows that the region experiences. Relative to the benchmark
calibration, consumption in the South becomes too volatile when m is set to values higher
than 0.93. If by contrast, the elasticity of intertemporal is substantially smaller in the South
than in the North, which with this preference specification is achieved by setting m below
m, the correlation between output and the trade balance changes sign. Such a calibration
would also be inconsistent with the stylized facts reported in Table 3, since it would generate

fluctuations in consumption that would be too volatile in the North and too smooth in the
South.

6 Asymmetric Shocks

The large increase in spreads between government bond yields observed after 2011 in the Eu-

rozone is what differentiates the Sovereign Debt Crisis from the 2007-2009 Great Recession.
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Since our model abstracts from default risk, we focus our analysis on spreads with a very
short maturity. Although short-term rates can also contain a default premium, default risk
is likely to play a more important role for longer maturities. Figure A.9 shows the spread
between Italian and German Government bonds with a maturity of 3 and 12 months, which
are depicted by the blue continuous and red dotted lines, respectively. Whereas spreads
at the short end of the maturity spectrum increased slightly during the 2007-2009 financial
crisis, the Sovereign Debt Crisis led to a rise in country spreads of a different magnitude.
Figure A.10 shows how this asymmetric increase in government bond yields affected the
real economy. The left panel shows the dynamics of output from the fourth quarter of
2011 until the second quarter of 2018, where output is detrended using a linear trend and
expressed in deviation from its mean. Together with the large increase in spreads, the longer
and deeper recession in the South suggest that the Sovereign Debt Crisis was an asymmetric
shock. As can be seen by the right panel of Figure A.10, which shows the trade balance to
output ratios expressed in deviation from their long-term averages, another important fact
is that the increase in spreads was accompanied by a reduction in the trade deficit in the

South, whereas the surplus in the North declined.

Simulating the effect of asymmetric financial shocks

The rise in spreads shown in Figure A.9 corresponds to the announcement made by a
major credit rating agency to put 15 eurozone economies on negative credit watch.'® This
announcement was followed by credit rating downgrades for nine eurozone economies (e.g.,
Baum et al. 2016). Since Germany’s credit rating remained unaffected, the asymmetric
credit rating downgrade could be one of the factors that could explain the sharp increase in
spreads observed during this period. In the context of our model, we interpret this episode
as a shock that reduces the demand for the asset issued by the country hit by the credit
rating downgrade. This is achieved by assuming that the demand for the foreign asset, which
is denoted by s is subject to random disturbances, which affect the demand for the asset
issued by the region and that is sold on the cross-border market.

Augmenting the model with financial shocks affects spreads by modifying the expected
payoff from holding the foreign asset. In the North, the demand for the foreign asset is given
by the following optimality condition:

18See for instance Financial Times (2011). "S&P warns eurozone of mass downgrade", Dec. 6th 2011.
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where the process for the demand shock, which is denoted by (,, follows an autoregressive

process of order 1:

log ¢, = p((t—l + &t

The persistence of the shock is denoted by p, and the random disturbance ¢ is normally
distributed with mean 0 and standard deviation o¢. An increase in (, therefore generates
a reduction in the demand in the North for the asset issued by the South. Although the
shock is asymmetric, notice that a shock originating in the North is propagated to the South
through the non-arbitrage condition in the cross-border asset market. In the South, the
supply of the asset is determined by the following optimality condition, which relates the

price received from selling the asset abroad to the issuance cost:

Dst :B(l +3) E; ;1

t

A decline in pg induced by a financial shock in the North (,, which lowers the demand for
the Southern asset, is therefore equivalent to a stochastic discount factor shock in the South
since it implies that FE, (XHI /Xt> must decline. This decline in stochastic discounting in
the South in turn lowers the value of asset prices in the economy. Since in the South, the

demand for the safe asset issued by the North is given by the following condition:

~ 1_~~
pst = BE; :t\jl {1—{—4%}

t

the decline in E, (Xtﬂ /Xt) in turn affects the price of the Northern asset. Through this
stochastic discount factor effect, a negative demand shock for the Southern asset pg therefore
lowers the price of the Northern asset pg. Since the shock has a direct effect on the demand
for asset in the North, the direct effect of the shock is stronger than the indirect effect. The
fall in pg is therefore more pronounced than that of pg. Defining the yield on the traded
asset as one over the price, the spread between the yield of the 3-month asset issued by the

South relative to the North can be expressed as follows:
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To evaluate the effect of financial shocks, we next simulate the effect of a shock to ( that
reduces the demand in the North for the asset issued by the South. The shock standard
deviation parameter ¢4 is calibrated to generate an increase in the spread between the 3-
month yield of a Southern bond and a Northern security of 3%. Setting the shock standard
deviation to 0.029 allows us to generate an increase in spreads on impact of 3%. The
persistence parameter p_ is calibrated to match the length of the recession in the North. In
contrast to what was observed in the South, in the North, the recession was less dramatic and
detrended output returned to its pre-crisis level, 7.e. the level observed in the third quarter
of 2011, about 5 years later. Setting the shock persistence to 0.85 ensures that output in the
North returns to its steady state level 20 quarters after the shock hit. Figure B.10 shows the
response to an asymmetric financial shock of the spread as well as output, the trade balance
and consumption in the two regions.

On the positive side, the increase in spreads induced by the asymmetric financial shock
generates a decline in output in the South that is more pronounced than in the North. The
shock also explains the direction of capital flows generated by the shock. In particular,
it is possible to capture the large net outflow of capital observed in the South, as well as
the corresponding inflow in the North, a dynamics of net capital flows that was sometimes
compared to a sudden stop. As demonstrated by the large effect of the shock on trade
balances, introducing asymmetric financial shock helps to increase the volatility of the trade
balance to output ratios. Overall, this suggests that augmenting the benchmark model with
asymmetric financial shocks should help us generate fluctuations in net capital flows that
are in closer conformity with the data.

Although the model augmented with asymmetric financial shocks is able to capture some
key features of the Sovereign Debt Crisis, the quantitative magnitude of the effects that we
obtain remain far from what was observed in the data. The model underpredicts the fall in
output in the South and the increase in spreads is too persistent. As illustrated by the lower
right panel, the asymmetric shock also generates differences in the response of consumption
across regions. Although the shock had a much smaller effect in the North, the increase in

consumption in the North predicted by the model is at variance with the facts.

Why not other kind of asymmetric shocks?
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Although our analysis only provides a partial account of the Sovereign Debt Crisis, it
still provides some useful directions for future work on the topic. Whereas the much larger
fall in output observed in the South of Europe suggests that the region was hit by an
asymmetric shock, the fact that the recession generated a reduction in the region’s trade
deficit limits the number of possible explanations. In particular, region specific shocks that
do not directly impact the cross-border asset market cannot explain why the region had to
close its trade deficit in the middle of a severe recession. In a model with optimizing agents
and a well-functioning cross-border market, risk sharing implies that the region affected by
an adverse shock will borrow from the other region to prevent consumption from falling too
rapidly, which is the opposite from what happened. This suggests that the shock must have
originated in the cross-border asset market and reduced the availability of funding available
to finance the trade deficit of the debtor region.

Our analysis also emphasizes the importance of considering deviations from the com-
plete international market assumption. The large increase in spreads shown in Figure A.9
illustrates that the Sovereign Debt Crisis affected bond yields at the very short-end of the
maturity spectrum. An increase in spreads of this magnitude cannot be explained in a model
in which the risk sharing condition is satisfied. In terms of transmission channels, the effects
of the Sovereign Debt Crisis can thus be interpreted as a wedge in the risk sharing condition
that generates a sudden increase in the cost that the debtor region has to pay to finance its
trade deficit.

7 Conclusion

This paper explores the importance of common shocks in explaining imbalances in the pres-
ence of cross-country asymmetries. Our results suggest that the dynamics of capital flows
critically depends on the magnitude of initial net asset positions. If shocks are common but
countries differ in their economic structure, common shocks can have an asymmetric impact
on debtor and creditor regions. Although this particular mechanism only explains a modest
fraction of the observed volatility of the trade balance to output ratios, the magnitude that
we obtain is sufficient to generate significant differences in the welfare cost of business cycle
fluctuations across the two regions. In contrast to the complete market model, the key is

that common shocks give rise to large differences in the dynamics of marginal utilities. Our
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results therefore suggest that substantial deviations from perfect risk sharing can arise even
if a risk-free bond can be traded across borders.

It is important to emphasize that this paper studies imbalances from one particular angle,
namely the contribution of common shocks in the presence of cross-country asymmetries.
Given our focus on the Eurozone, asking whether common shocks could account for the
magnitudes of imbalances observed in a currency union seems like a natural starting point.
As illustrated in section 6, our framework can also be used to study the effects of asymmetric
shocks and our results suggest that introducing financial shocks into the analysis could be
a promising direction. Moreover, since cross-country asymmetries amplify the propagation
mechanism of common shocks, studying the transmission of monetary policy could be another

valuable extension.
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9 Appendix A: Motivating Stylized Facts
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Figure A.1: Trade balance to output ratio South Europe vs. Germany and output in South
FEurope in logs, HP-filtered data. South Europe consists of Greece, Portugal, Spain and Italy. The

series have been normalized to have the same scale.
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Figure A.2: Trade balance to output ratio Germany vs. South Europe and output Germany in

logs, HP-filtered data. South Europe consists of Greece, Italy, Spain and Portugal.
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Figure A.3: Year-over-year change in output. South Europe consists of Greece, Portugal, Spain

and Italy, normalized data.
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Figure A.4: Trade balance to output ratio and investment to output ratio in South Europe. South

Europe consists of Greece, Portugal, Spain and Italy, normalized data.
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Figure A.5: HP-filtered output in logs.
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Figure A.6: Rule of law index. For the South, the index is obtained by computing a weighted
average using GDP shares for Greece, Italy, Portugal and Spain.
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Figure A.7. Euro zone data, 19 countries. x axis: Correlation trade balance to output with
output, corr(tbt /ys,logy,) HP-filtered data. y axis: Standard deviation of consumption relative to
output, std(loge;)/std(logy;), HP-filtered data.
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Figure A.8. European Union data, 28 countries. x axis: Correlation trade balance to output with
output, corr(tb,/y;,logy,) HP-filtered data. y axis: Standard deviation of consumption relative to
output, std(loge,)/std(logy;), HP-filtered data.

95



December 2011
7 — Spread ltaly vs. Germany, 3m
——- Spread ltaly vs. Germany, 12m
6
5

7

06 oO7 08 09 100 11 12 13 14 15 16 17 18

Figure A.9: Spreads between 3-month and 12-month government bond of Italy vs. Germany.
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Figure A.10: Detrended output and trade balance to output ratios during the Sovereign Debt

Crisis.
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10 Appendix B: Figures
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Figure B.1: Impulse response of the trade balance to output ratios and of output in logs in the

North and in the South to a positive common TFP shock. x axis: quarters after the shock. y axis:
deviation from mean.
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Figure B.2: Impulse response of the price of the traded asset and risk-free rates to a positive

common TFP shock. x axis: quarters after the shock. y axis: deviation from mean. The asset

prices are reported in logs and the risk-free rates in annualized percent.

o7



Marginal utilities of consumption, Model 2 Marginal utilities, Model 2 no habits

4 ! 4 ! | ! ! !
2l ]
O [
2+ 4
4+ B
6r North| |
---South
8 B
10 . . . . . . . . .
10 20 30 40 50 60 70 80 90 100
4 Marginal utilities, Benchmark Model no habits
2r q 2+ q
0 0 [
21 [ 1 2t 1
4r a4t 1
6 // 4 6" i
,
;
8 T/ 1 8 B 1
10 . . . . . . . . . 10 . . . . . . . . .
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Figure B.3: Impulse response of marginal utility to a positive common TFP shock in the different

models.
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Figure B.4: Impulse response of the capital stocks to a positive common TFP shock.
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Figure B.5: Impulse response of the trade balance in the North to a positive common TFP shock

and contribution of the valuation vs. quantity effects.
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Figure B.7: Impulse response of the trade balance to output ratio in the South to a positive

common TFP shock.

1 T T T T T T T T 0.1 T T T T T T T T
—
[E— >0.08 --—-South
> 4 <
o 0.5 8
s 5]
> = L
3 g o6 e
5§ ° ] s [ [
= e}
54 B L
° g 0.04
= =
o —
O -05F - q &
,,,,,,, I 0.02
1 . . . . . . . . 0 . . . . . . . .
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Walk away constraint, South Walk away constraint, South
10— T T T T T T T T 01— T T T T T T T T
S _ | >0.08 1 -
_: 0.5 — - s
S 5
S §0.06 - 1
c Or B > kY YYV/V/V/ /e
8 = e T T
k5] ° L ]
® _g 0.04
S - <
O.05¢ o - 1 g
,,,,,,, e taintaiaini 0.02 ]
gl . . . . . . . . ol . . . . . . . .
0.1 02 03 04 05 06 07 08 09 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
Loan-in-advance parameter, South Loan-in-advance parameter, South

Figure B.8: Sensitivity to the tightness of the enforcement and liquidity constraints in the South.
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11 Appendix C: Data description

Appendix to section 3

Variable Data description Data source

Real GDP Expenditure based OECD
mio. of chained euros Quarterly, 1995-2011

Depreciation rates Average depreciation rate Penn Tables
capital stock Annual, 1950-2011

Lending rates Loans less than 1 mio ECB
and less than 1 year, Quarterly, 2000-2011

Deposit rates Euro area: 11-19 ECB
3-month deposit Quarterly, 1995-2011
Price level Harmonized index Stat. Office of the EC
consumer prices Quarterly, 1995-2011

Solow Residuals

The capital stock is constructed using investment and the average estimated depreciation
rates. The starting value for the capital stock for the first quarter of 1995 is obtained by using
the capital to output ratio, which we take from the Penn Tables. A quarterly time-series for

the capital stock is then computed using the law of motion shown in equation (8).*

Variable Data description Data source

Real investment Gross fixed capital formation OECD

mio. of 2010 chained euros  Quarterly, 1995-2011

Hours worked Hours worked by industry OECD
total employment Quarterly, 1995-2011

19With this particular specification, up to a first-order approximation, adjustment costs have no impact
on the law of motion for capital accumulation.
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Appendix to Tables 2 and 3

Variable

Data description

Data source

Real investment

Credit and

credit to GDP

Price level

Trade balance

Nominal GDP

Capital to GDP

Real Consumption

Rule of law index

Appendix to section 4

Gross fixed capital formation

mio. of chained euros

Credit to non-financial

corporations

Harmonized index

consumer prices
Trade balance

with Germany

Expenditure based

mio. of euros

Capital stock divided by GDP

Constant 2011 prices

Final consumption expenditures

Mio of chained 2010 euros

Proxy for quality

of contract enforcement

OECD
Quarterly, 1995-2011

BIS
Quarterly, 1995-2011

Stat. Office of the EC
Quarterly, 1995-2011

IMF Direction
of Trade
Quarterly, 1995-2011

OECD
Quarterly, 1995-2011

Penn Tables
Annual, 1950-2011

OECD
Quarterly, 1995-2011

World Bank
NRGI, Brookings
Annual, 1996-2017

Variable

Data description

Data source

Rule of law index

Proxy for quality of contract enforcement
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World Bank/NRGI/Brookings
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12

Given the large number of state variables, the model is solved using perturbation methods.

The welfare analysis is conducted using a second-order approximation to the policy function

(e.g., Adjemian et al. 2014).

12.1 The home economy
The domestic consumer
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12.2 The foreign economy

The Lagrangian:?’

20where we have assumed that o and 7 are the same in each country block.
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D il G ) \
t=0

1—0o

Tre + TKtkt + ’YpStStH + s+ tht ]

—’_TDtdt — St — §St — Ct — ’Lt — l‘idt YPStSt41

+YR, B [ (L= st (94 (1= §) =B

~ 1—¢ ~ ~ ~
+ Zfioﬁ @t)\t [(1 - 5)kt + |:10__1€ (%) —+ 02] kt - ’)/kt+1‘|

<t _
+2 0 BN

t
V

(67

{[cfs% %(QZ+(1—KG)5) —ft]o+¢t(1—fﬁ)}%cf Ls;™ ”(@/J-l—(l—Nt) ) =\

Nt:

(st (5 0= R 3] "+ a0 - m o 7o - N7 = @,

55t+1 :
¢r = mPEp — BE, [Et+13t+1 (1/1 + (1= Nppy) ) - §t+1}
where:
b
~
St41 -
pStXt = EEtXt+1
+BE, { [Ct+15t1+f{ @ +(1- Nt+1)5> - 5t+1} + @l — 7%)}
(1= 2 sifs (0 + (1= Np)?)
§t+1 :

68



Psih = BEN 11 (1+7)

@
Wi, + (1 — )ersi™ @ (1 Nt)ﬂ) AT =0
%tJrl :
5 ~ 1-¢ ~ 1-¢
- ~ .~ ~ ) ~ ~ 7
Qt/\t = ﬁEtQt—&-l/\t—f—l (1 — 5) + 1 1~ Nt;l + 02 — 01 Nt;l
— €\ ke t4+1
+5Et}\vt+1?Kt+1
Zt .
(W)
dy -
:FDt — //\‘5
G
~ ~ 1-¢
-~ 0, i ~ |~ ~
(1—6)]{/}—’- 1_< Z +92 kt—’}/kt+1:0
Xt :

Tre + 8¢ + Tk + Tpedy + W Ny + DsyYSe1 — St — S5t — €& — i — Rdy — DsYSep1 = 0

The foreign firm
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O =t N,
EoZﬁ ~_t7TFt
t=0 )‘0

such that:
Tt = AtktaNtl_a — W Ny — ek — Trely

and:
Zt > <ﬂ7tﬁt + ?KtEt>

fil; <,

First-order conditions:

Nt:
~ i 1
wt:(l—a)i —
Ntl—l—n%
’];t:
- ~y 1
Tkt — 0= —=
ktl*"x_f
Iy
?Lt+ﬁ&:~_t
AN
B\/t:

~ i7aNl-a _ ~7N _ =~ T _~7
Tpy = Atkt Nt — W Ny — Tk — Ty

Market clearing foreign economy

Y — Cp — Ky — 1y — CS; = Sy — YPstSt41 + YDStSt+1 — St
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12.3 The dynamic system
Controls: ¢, ¢, N, N,z',z d,cfiv,l,flv,ﬂp,%p,y,ﬂ,tb,tﬂb

States: k,%, $,8,x,T
Co-states: Aa }\/a bs, ﬁ57 w, %7 v, @/7 @Z)» 777;7 q, @: w, W

Equation (1)

(st @+ (0= N)") =] " (1= m) p e 157 (04 (1= N)Y) = A

{[“c“fs%’? (F+a-M)y)-z] +a0- m)} 7 s (D4 (- N)P) =X,

Equation (2)
%~1—%U(1 _ Nt)v—l

{ [Cfgtl_% (¥ +(1—=N)") = xt] 7+ 0, (1 — m)} Ct 5¢

Yt 1

At

{ T (P -N)) -7 a0 m)} s (1 — NP

~ Y 1
= )\t<1—(1)i ==

Equation (3)

PsiAe = BEAn
+HE, { [Fastt W+ (1= Nipa)”) — 2] + @ (1 — m)}

(1- %)Cf-q—lgt_-s-%l (¥ + (1 = Neya)®)
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pStXt = BEtXtJrl
+BE, { [Ct+18t+1 <1/’ + (1= Nyj)” ) - ftﬂ}

(1= 25 (0 4+ (1= N)”)

+ Bl =)}
Equation (4)
pside = B (14<) B

ﬁStXt = B(l +%) EtXtH
Equation (5)

1 —e€ \ ki

2] . 1—e
@A = BEGiii {(1 —0)+ [ : <Zti) + 0y

Yi+1 1
E _
+/6 t t+1al€t+1 1 + nthrl

At41

~ ~ 1—€ ~ 1—¢
o ~ o~ ~ 0 ) ~ ~ (3
@M = BEGariq (1—06)+ 1 _12 (fi> +05| — 0 (ﬁi)

- 1
+5Et)\t+1 ?Jt+1
/ft+1 1+ U

wt+1

Equation (6)

0, (i)
(1 — 6)'I€t + 1——16 (Et) + 02 kt — ’}/kt+1 = O

~ ~ 1—¢€
~ o~ 0 1 ~ | ~ ~
(15)kt+{112<;> + 0y | T — vhrpr = 0
Ky




Equation (7)

Equation (8)

Pt

Z)Bt:

Equation (9)

Equation (10)

Equation (11)

Equation (12)

= mBEtSOtH — BE; [C;:ng%;f{ (w + (1 - Nt+1)v> - $t+1} -

(o

MBEZ,1 — BE, [5;115%;{7 @ +(1- Ntﬂ)a) - 5t+1}
may + (1 —m)e; 377 (0 + (1 = Ni)¥) = a1 = 0

s+ (1 — )& sl (@Z T (1- Ntﬁ) AT =0

I, = Nyt
Ll

th: Uyt~

L+n%

Wt

At

TRy = Y — Tl
1 +nst

¢
~ N ~ o~ 7
= Y — T4l
Ft 1"‘77@% Ltlt
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/let_UtZO

fil, — 5 =0

Equation (13)

A
v = BE, ;\H [Vt+1 + TFet1]
t

I
v = BE; an [Ut+1 + 7TFt+1]
t

Equation (14)

P, Wt
Tyt p— = —
Lt :u’)\t )\t
- - o
T =+ /,L~—t = =
SRS VY
Equation (15)
lt = Zdt
I, = zd,

Equation (16)

Yp — Cp — Kdy — 1y — G8¢ = S¢ — DstYSt41 + DStV St+1 — St

Y — €t — Kdy — @y — CSp = S¢ — YDstSt+1 + YDStSt+1 — St

Equation (17)

ye = Adk N} °
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5= AN

Equation (18)

thy = 5y — PsyYSt+1 + PstVSi41 — St

thby = 5y — YDstSt41 + YDstSt+1 — St

[0)



