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Abstract
We provide a first comprehensive account of the dynamics of Eurozone countries from the creation of
the Euro to the Great recession. We model each country as an open economy within a monetary union
and we analyze the dynamics of private leverage, fiscal policy and capital flows. We show that our
parsimonious model can replicate the time-series for output, employment, and net exports of Eurozone
countries between 2000 and 2012. We then use the model to perform counterfactual experiments. To
do so we propose a new identification strategy using the dynamics of U.S. states as a control group
that did not suffer from sudden stops of capital flows. We then ask how periphery countries would have
fared if they had followed more conservative fiscal policies during the boom. We find that periphery
countries could have stabilized successfully their employment. For Greece, even an a-cyclical policy
during the boom would have made a large difference during the bust. For Ireland, Spain and Portugal,
the policy would have had to be very conservative during the boom. For Ireland, given the size of the
private leverage boom, such a policy would have required buying back almost all of the public debt. This
suggests that fiscal policy is unlikely to be sufficient as a stabilization tool in case of a large private credit

boom and sheds light on the value of macro-prudential regulations.
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There is wide disagreement about the nature of the eurozone crisis. Some see the crisis as driven by
fiscal indiscipline or fiscal austerity, others by external imbalances and sudden stops, others by excessive
private leverage. Most observers understand that these “usual suspects” have played a role but without a
quantification of their respective importance and without some understanding of how they relate to each
other, it is difficult to frame policy prescriptions on macroeconomic policies and on reforms of the eurozone.
Moreover, given the scale of the crisis, understanding the dynamics of the Eurozone is a major challenge for
macroeconomics. A key reason for this disagreement is that we lack a theoretical and empirical framework
that would enable us to identify and quantify the importance of these mechanisms and ultimately to run
counterfactual experiments. The objective of this paper is to make progress on these fronts. To do this
we propose a simple model that allows to inspect the mechanisms at work by focusing on three types of
shocks: household leverage, fiscal policy and interest rate spreads. A key challenge is then to empirically
identify private leverage shocks that are orthogonal to shocks on fiscal policy and shocks on spreads. To
help us identify the eurozone shocks, we use the US as a benchmark. The US experience is of great use for

us because of both its similarities and its differences with the eurozone experience.

Figure 1: Employment Rates in Ireland, Arizona, Spain and Florida.
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To illustrate this, we take the example of Nevada and Ireland because their increase in household debt
to income ratio during the boom years were very large and similar. Figure 1 which shows deviations of
the employment rates (normalized to zero in 2005) is striking. The employment boom and bust are almost
identical up to 2010 but diverges after that. This suggests that the fundamental mechanisms at work in both
regions were also similar up to 2010. But Nevada stands apart from Ireland in that it did not experience

a sudden stop after 2010 because there was no concern on its public debt let alone on its remaining in the



dollar zone. A similar, although less striking, pattern emerges when we compare Spain and Florida. Again,
divergence is clear after 2010.

A salient feature of the great recession in both the US and the eurozone is that regions that have expe-
rienced the largest swings in household borrowing have also experienced the largest declines in employment
and output. Figure 2 illustrates this feature of the data, by plotting the change in employment during the
credit crunch (2007-2010) against the change in household debt-to-income ratios during the preceding boom
(2003-2007) for the largest US states! and Eurozone countries.

Figure 2: First Stage of the Great Recession: Household Borrowing predicts Employment Bust in the US
and the EZ
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The American and European cross-sectional experiences look strikingly similar in this respect on the
period 2007-2010. This suggests that the shock faced by these two economies were similar in nature on that
period. Moreover this suggests that the structural parameters that govern the way the economy reacts to a
deleveraging shock may also be similar in the two monetary zones.

The key difference between the US and the eurozone experience is the sudden stop in capital flows starting
in 2010 in the later. The eurozone stands apart from the US but also historically as we do not know of any
other historical example of a sudden stop among countries or states inside a monetary union although sudden

stops have been frequent in the 19th and 20th centuries (see Accominotti and Eichengreen (2013)). Contrary

1State level household debt for the US comes from the Federal Reserve Bank of New York, see Midrigan and Philippon
(2010).



Figure 3: Second Stage of the Great Recession: Fiscal Imbalances Predict Double Dip in Europe
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to the eurozone, the US states did not experience any shock on spreads in borrowing costs and no fear an
a potential exit of the dollar zone. This allows us, for the eurozone, to identify the part of the private
deleverage dynamics that is not due to the spreads shocks by the private deleveraging predicted in the US
on the period 2008-2012. We call this the “structural” private leverage shock.

Figure 3 illustrates the differences between the American and European experiences during the later stage
of the recession. Starting in the Spring of 2010, sovereign spreads widen and several European countries find
it difficult to borrow on financial markets. The US and EZ experiences then start to diverge. While US states
grow (slowly) together, eurozone countries experience drastically different growth rates and employment. A
state variable that correlates well with labor markets performance in 2010-2011 in the Eurozone is the change
in social transfers during the boom. Eurozone countries where spending on transfers (and also government
expenditures) increased the most from 2003 to 2008 are those that are now experiencing severe recessions in
the later stage. This suggests that in the second stage past fiscal policy, because of its effect on accumulated
debt, had an impact on the economy through spreads and the constraint on fiscal policy it generated after
2010. This is an hypothesis we will analyze.

As noted in Midrigan and Philippon (2010), the pattern of figure 2is at odds with the predictions of
standard models of financing frictions. Such models predict that a tightening of borrowing constraints at the
household level leads to a decline in consumption but, due to wealth effects, to an increase in the supply of
labor. In this paper, we analyze a model where borrowing limits on “impatient” agents drive consumption,
income, the saving decisions of “patient” agents and employment in small open economies belonging to a

monetary union. We introduce nominal wage rigidities which translate the change of nominal expenditures



into employment. We first consider the predictions of the model taking as given the observed series for
private debt, fiscal policy and interest rate spreads between 2000 and 2012. This reduced form simulation
reproduces very well what was observed across Eurozone countries both during the boom during the recession
starting in 2008 for employment, nominal GDP, consumption and wages. We then identify structural shocks
for household debt, interest rate spreads and fiscal policy using the US experience to predict the household
debt shock. Finally we feed our model with these structural shocks and run counterfactual experiments on
fiscal policy and macro prudential policies. This allows us to analyze whether a more countercyclical fiscal
policy or policy that would have restricted private lending would have weakened the boom and bust cycle.

We find that private leverage is the key driver of both the boom and the bust dynamics. This is especially
true in Ireland. An exception is Greece for which fiscal policy is the main driver of macroeconomic dynamics.
Spain is an intermediate case. We ask how periphery countries would have fared if they had followed more
conservative fiscal policies during the boom than they actually pursued. Such policies would have reduced
the spreads and fiscal austerity during the bust. We find that periphery countries would then have stabilized
their employment. This is especially true for Greece and Ireland, less so for Spain and Portugal. For Ireland
however such policy would have entailed entering the bust with no public debt. This suggests that fiscal
policy alone cannot act as a stabilization tool in case of a massive private credit boom. This sheds light on
the importance of macro-prudential policy.

Relation to the literature

Our paper is related to three lines of research: (i) macroeconomic models with credit frictions, (ii)
monetary economics, (iii) sudden stops and sovereign defaults. We discuss the connections of our paper to
each topic. Following Bernanke and Gertler (1989), many macroeconomic papers introduce credit constraints
at the entrepreneur level (Kiyotaki and Moore (1997), Bernanke et al. (1999), or Cooley et al. (2004)). In all
these models, the availability of credit limits corporate investment. As a result, credit constraints affect the
economy by affecting the size of the capital stock. Curdia and Woodford (2009) analyze the implication for
monetary policy of imperfect intermediation between borrowers and lenders. Gertler and Kiyotaki (2010)
study a model where shocks that hit the financial intermediation sector lead to tighter borrowing constraints
for entrepreneurs. We model shocks in a similar way. The difference is that our borrowers are households,
not entrepreneurs, and, we argue, this makes a difference for the model’s cross-sectional implications. Models
that emphasize firm-level frictions cannot reproduce the strong correlation between household-leverage and
employment at the micro-level, unless the banking sector is island-specific, as in the small open economy

“Sudden Stop” literature (Chari et al. (2005), Mendoza (2010)). This “local lending channel” does not appear



to be operative across U.S. states, however, presumably because business lending is not very localized?. Our
framework is also related to heterogeneous-agent macroeconomic models such as Krusell and Smith (1998),
and models in the tradition of Campbell and Mankiw (1989), that feature impatient and patient consumers.
This type of models has been used by Gali et al. (2007) to analyze the impact of fiscal policy on consumption
and by Eggertsson and Krugman (2012) to analyze macroeconomic dynamics during the Great Recession.
Papers in the sudden stop literature have aimed at reproducing the stylized facts of these crises in emerging
markets. According to Korinek and Mendoza (2013) the key characteristics of a sudden stop are 1) a sharp,
sudden reversal in international capital flows, which is typically measured as a sudden increase in the current
account 2) a deep recessions and 3) sharp changes in relative prices, including exchange rate depreciations.
The eurozone crisis shares the two first characteristics even if the pace of current account adjustment in
the euro area is slower than for non euro area countries (such as Bulgaria, Latvia and Lithuania) and past
experiences of emerging markets crises (see Merler and Pisani-Ferry (2012) for a discussion). Substitution
of private-capital inflows by public inflows, especially Eurosystem financing, partly explains this difference.
The third characteristic of an emerging market sudden stop has been absent in the eurozone crisis: there
has been (so far) no currency depreciation and no sudden and large change in goods relative prices between
countries hit at different degrees by a sudden stop (Greece, Spain, Ireland, Portugal and Italy) and the rest
of the eurozone. That these countries belong to a monetary union means the eurozone sudden stop stands
apart. These differences are important for the choice of modeling approach. The sudden stop literature
on emerging markets (see Mendoza (2010) and Korinek and Mendoza (2013) for example) has focused on
a Fisherian amplification mechanism where debts are denominated in different units than incomes and
collateral. This is not the case in our model as we study countries that belong to a monetary union. Another
difference is that the sudden stop literature in emerging markets has focused on the sudden imposition of an
external credit constraint (see Mendoza and Smith (2006) and Christiano and Roldos (2004) for example) or
on transaction costs on international financial markets with multiple equilibria, as in Martin and Rey (2006).
Our model integrates, for the first time to our knowledge, both a domestic credit crunch and a sudden stop
produced by a spike in interest rate so that we can compare the impact of both on macroeconomic aggregates.
The role of interest rates in our model relates our work to the paper of Neumeyer and Perri (2005). In their
paper, as in ours, the economy is subject to interest rate shocks that generate a sudden stop in the form of

a current account reversal. However, the mechanism is very different. In Neumeyer and Perri (2005), real

2For instance, Mian and Sufi (2010) find that the predictive power of household borrowing remains the same in counties
dominated by national banks. It is also well known that businesses entered the recession with historically strong balanced sheets
and were able to draw on existing credit lines Ivashina and Scharfstein (2008).



interest rates movements either exogenous or induced by productivity shocks amplify the effect of the latter
on production because they induce a working capital shortage. In our model, the increase in interest rate
generates a demand shock through a fall in consumption.

Even if the bulk of the literature on sudden stops has put credit constraints at the center of the story,
Gopinath (2004) and Aguiar and Gopinath (2007) have focused on an alternative explanation with TFP
shocks taking center stage. Gopinath (2004) proposes a model with a search friction to generate asymmetric
responses to symmetric shocks. A search friction in foreign investors entry decision into emerging markets
creates an asymmetry in the adjustment process of the economy: An increase in traded sector productivity
raises GDP on impact and it continues to grow to a higher long-run level. On the other hand, a decline in
traded sector productivity causes GDP to contract in the short run by more than it does in the long-run.
A related approach is the possibility of growth shocks as explored in Aguiar and Gopinath (2007). Because
of the income effect, a negative shock leads to a fall in consumption and an increase in the trade balance.
Aguiar and Gopinath (2007) do not study the response of the labor market but it is well known that income
effects tend move consumption and hours in opposite directions.

Shocks to trend TFP growth might be important in emerging markets, but they do not seem to explain
the dynamics of euro area countries over the past 5 years. With the exception of Greece, countries that were
hit by a sudden stop (Greece, Ireland, Italy, Spain, Portugal) are not those for which the reversal in TFP
growth is the largest® Moreover, as illustrated by figure 4, there is no correlation between the differential in
TFP growth (between the periods 2008-2012 and 2000-2007) and employment growth during the bust (2008-
2012)*. Spain is a prime example. It is the only eurozone country that experienced an acceleration of its
TFP growth during the crisis. Sanguinetti and Fuentes (2012) show that “The Spanish economy experienced
significantly weaker labour productivity growth than other OECD economies and failed to catch up with the
most advanced economies in the period 1996-2007... The relatively weak performance largely reflects the low
growth of total factor productivity within o wide range of sectors, with very limited impact of composition
effects, while the capital stock and educational attainment of the workforce have grown relatively strongly.”
We conclude that we need to look somewhere else for an explanation to the business cycles and to sudden
stops in the eurozone. We focus on leverage, interest rates and fiscal policy dynamics.

In the eurozone, financial integration has also - until the most recent crisis - led to large cross-border

lending. Most closely connected to our paper is the work of Midrigan and Philippon (2010), Guerrieri and

3If the differential of TFP is computed on the period 2010-2012, this conclusion remains unchanged.
4A simple panel regression among Eurozone members on the period 2002-2012 of GDP growth on TFP growth, with or
without year fixed effects and country fixed effects reveals no significant correlation between GDP and TFP growth.



Figure 4: Changes in Trend TFP Do Not Explain the European Crisis
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Lorenzoni (2010) and Eggertsson and Krugman (2012) who also study the responses of an economy to a
household-level credit crunch. Consistent with our results, Mian and Sufi (2012) show that differences in
the debt overhang of households across U.S. counties partly explain why unemployment is higher in some
regions than others. Schmitt-Grohe and Uribe (2012) emphasize the role of downward wage rigidity in
the Eurozone recession. Our paper is also related to the literature on sovereign default (see Eaton and
Gersovitz (1982), Arellano (2008) and Mendoza and Yue (2012)) that models default as a strategic decision
with a tradeoff between gains from forgone repayment and the costs of exclusion from international credit
markets. The objective of our paper however is to analyze how the sovereign default risk can affect the real
economy through the impact it can have on liquidity available to households. The paper by Corsetti et al.
(2013) considers a “sovereign risk channel,” through which sovereign default risk spills over to the rest of the
economy, raising funding costs in the private sector. Finally the paper is related to the recent research on
fiscal multipliers at the regional level (Nakamura and Steinsson (2014), Farhi and Werning (2013)).

In Section 1 we present the model. In Section 2, we analyze how nominal dynamics and employment
respond to different shocks and in Section 3, we compare the model predictions with leverage dynamics,
fiscal policy and sudden stops with the observed path of the Eurozone countries. We do this both for the
reduced form shocks and for the structural shocks. These serve to conduct the final exercise on counterfactual

policies. Section 4 concludes.



1 Model

Our model can be interpreted as a large country with a collection of regions (e.g., USA), or a monetary union
with a collection of states (e.g., EZ). The key assumption are that these regions share a common currency,
and that agents live and work in only one region.

We study a small open economy that trades with other regions of the currency area as in Gali and Mona-
celli (2008). Each region j produces a tradable domestic good and is populated by households who consume
the domestic good and an aggregate of foreign goods. Following Mankiw (2000) and more recently Eggerts-
son and Krugman (2012), we assume that households are heterogenous in their degree of time preferences.
More precisely, in region j, there is a fraction x; of impatient households, and 1 — x; of patient ones. Patient
households (indexed by ¢ = s for savers) have a higher discount factor than borrowers (indexed by i = b for

borrowers): = s > . Saving and borrowing are in units of the currency of the monetary union.

1.1 Within period trade and production.

Consider household 7 in region j at time t. Within period, all households have the same log preferences over

the consumption of home (h), foreign goods (f), and labor supply n:
ch, cl,
Ui g = oy log (;j) + (1 —aj)log (1_”% = v (Nijie)
With these preferences, households of region;j spend a fraction «; of their income on home goods, and 1 —«;

on foreign goods. The parameter a;; measures how closed the economy is, because of home bias in preferences

or specialization in trade. The demand functions are then:

h h
P5:Cije = X,
picl, = (1—ay) Xiju

where

_h
Xijt =pi4Cije + pthi]jj,t



measures the spending of household ¢ in region j in period ¢, p;{t is the price of home goods in country j and

p{ is the price index of foreign goods. This gives the indirect utility

U (Xi,j,t7pijt) = log (Xi,j,t) - logpj,t -V (ni,j,t) s

where the CPI of country j is logp;: = «; 1ogp§?’t + (1 —«y) logpf’t7 the PPI is p;-"t, and the terms of trade

s
are If’,f . From the perspective of country j, foreign demand for home good Fj ; is exogenous, and we assume

J.t

a unit elasticity with respect to export price p;-lyt. Production is linear in labor n;:, and competitive, so

p?t = wj;. Market clearing in real terms requires:

Fi, G

h h 7t ,t

Njt=xiCp 0+ (1= x5) C oy + == + 5=,
Pj+ Pjy

where G ; are nominal government expenditures. Note that we assume that the government spends only on

domestic goods. Define nominal domestic product as
Yo = p?,thi

and total private expenditures as

Xt =X X + (1= x5)Xsjt-

It is useful to write the market clearing condition in nominal terms (in euros)
Vit = a; Xju+ Fio+ G- (1)

Each household supplies labor at the prevailing wage and receives wage income net of taxes (1 — 7, 4) w; ¢V, ¢.
They also receive transfers from the government 7. We assume that wages are sticky and we ration the
labor market uniformly across households. This assumption simplifies the analysis because we do not need
to keep track separately of the labor income of patient and impatient households within a country. Not much

changes if we relax this assumption, except that we loose some tractability.?

5In response to a negative shock, impatient households would try to work more. The prediction that hours increase more
for credit constrained households appears to be counter-factual however. One can fix this by assuming a low elasticity of labor
supply, which essentially boils down to assuming that hours worked are rationed uniformly in response to slack in the labor
market. Assuming that the elasticity of labor supply is small (near zero) also means that the natural rate does not depend on
fiscal policy. In an extension we study the case where the natural rate is defined by the labor supply condition in the pseudo-
steady state v/ (n¥) = (1 — ;) :—J

-. We can then ration the labor market relative to their natural rate: n; ;. = %n]ﬁ
¥ i
where n} (7) is the natural rate for household ¢ in country. This ensures consistency and convergence to the correct long run

10



1.2 Inter-temporal budget constraints

Let B;; be the amount borrowed by impatient households. It is the face value of the debt issued in ¢ — 1
and due in period ¢. It will be convenient to define disposable income (after tax and transfers but before
interest payments) as

Yie=(1=750) Yo+ T

The budget constraint of impatient households in country; is then

Bj 41

Yii=Xpit+ B, 2
T+ 10 + Y. bt + Bjt, (2)

where 7 ;¢ is the nominal borrowing rate between ¢ and ¢ + 1. Borrowing is subject to the exogenous limit
h .
Bjy:
h
Bjt < By 3)

Savers save at the nominal rate 75 ;. and their budget constraint is:

- Sjt41
Sip+Yje =X+ —2——, 4
Jt Jst 2J5t 1_|_7,S7j7t ( )

so their Euler equation is

B [W)} . (5)

Xt X jit+1
Note that financial markets clear in two ways in our model. For the impatient agents, given that they are
quantity constrained, interest rates do not affect their borrowing. For the patient agents, their saving is
determined by the interest rates through the Euler equation.
For now we keep the notations general by using a country and agent specific rate, ; j ;. We will analyze
cases where rates differ across countries in the monetary union, and cases where rates differ across agents
within a country. The government budget constraint is

g
Bj,t+1

V. — (. _ g
1+, + 7Y =G+ T+ Bj,t’ (6)

where B]*‘-”t is public debt issued by government j at time t.

equilibrium. Steady state changes in the natural rate are quantitatively small, however, so the dynamics that we study are
virtually unchanged. See Midrigan and Philippon (2010) for a discussion.
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1.3 Exports and foreign assets

Nominal exports are F;; and nominal imports are (1 — o) X ; since the government does not buy imported

goods while private agents spend a fraction 1 — «; on foreign goods. So net exports are:
Eji=Fj— (1 —ay) Xj. (7)
The net foreign asset position of the country is at the end of period t, measured in market value, is

S. Bh BY
o= (- xg) Ly et St 0

L4755 YTy ot L+Tgge

Adding up the budget constraints, we have the spending equation

X h Gy =Y, Bj B! (1—x;) ( itk g ) B BY,  (9)
Y =Y., +v. | ——"—— — B" — — v A R + —bT B9
gt TPl it X oy .t Xi)\ 1 e gt 1+ 7y gt

Total spending (public and private) equals total income (GDP) plus total net borrowing. If we combine with
the market clearing condition (1), we get the current account condition

CAjs=Aj—Aji 1 =Ej s + 7501451,

where 7, is defined as the weighted average interest rate. The closed economy corresponds to A = 0 and
endogenous interest rate r. The small open region corresponds to exogenous r and endogenous A. It will

often be convenient to rewrite (9) with disposable income as

h
Ao Tman [ 2 ) Caq oy (S g N ip g B e g
DRI Ty~ ) T T T T T T gy T

1.4 Employment and Inflation

The system above completely pins down the dynamics of nominal variables: Yj;, X; j,.... Employment (real

output) is given by

12



We need to specify the dynamics of inflation. Letting n* denote the natural rate of unemployment, we

assume the following Phillips curve:

h h
Pjt —Pjt—1

7 = # (Nje — N¥) (11)
Pji—1

2 Nominal Dynamics

We now study the nominal dynamics of the small open economy. The main challenge is to pin down the

behavior of savers. Our first task is to understand why and how savers do, or do not, react to certain shocks.

2.1 Savers’ Inter-temporal Budget

The complete objective function of the savers is

> 8" (log (Xs 1) —log (pj0) — v (Nj1)) -

t>0

Prices are additively separable thanks to log preferences. In addition, our rationing rule for labor combined
with vanishingly small labor supply elasticity implies that n;; depends only on aggregate variables. The

problem of the savers can therefore be written as:

max EtZO B*log (Xs.jt)
s, -
Xoji T 17 = St + Ve

where ¢;; and r, ;; are both random variables.® Let us focus first on the budget constraint, and its Ricardian

properties. Let us first define the k-period discount rate from the savers’ perspective as

Rjtr=1+7rs4e) - (1475 j04k-1) -

6This is a well-studied problem but we will not do justice to all of its interesting aspects. In particular, we will neglect
(for now) the role of precautionary savings and use a certainty equivalent approach by linearizing the Euler equation. Because
of precautionary savings, we know that the interest rate consistent with finite savings must be such that (1 +r) < 1. We
consider the limit where aggregate shocks are small and 8 (1 + r) is close to one.
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with the convention R;;o = 1. We can then write the inter-temporal budget constraint of savers as

o0 o0

XS_ it+k 17 t+k
]Et TSLTR it + ]Et TR . (12)
,;) Rj ik ! ,; Rjik

The key idea is to relate this to the inter-temporal current account for the country. To do so, we define

the financing spreads ¢ for private borrowers and for the government as

_ e

_ L4 e
RN

1-— ; = .
(bb,],t 1+ Tt

,and 1 — ¢g ;¢

Then we have the following Lemma

Lemma 1. The inter-temporal current account condition is

> Y” k 3 - Fjtik
(L—ay) | (1=x;) Sje =X By +Be Y =2 | = (1= x;) Sje = x;B), — Bl + By =2 — 9y,
k=0 J,t.k—1 k=0 g,k

where @, is the net present value of financing costs

ZOO ¢ ZOO ¢

— b,j,t+k—1 9,4,t+k=1 g
(bj7t = an]Et TBj’t—i_k + ]Et TBj,t+k'
k—0 Jitsk k=0 Jit.k

Proof. See Appendix. O

On the left we have private wealth (discounted at the savers’s rate) and 1 — «; is the share of wealth
spent on imports. On the right we have net foreign assets plus the value of exports.
If we combine the Lemma with the inter-temporal budget constraint (12), we have the following propo-

sition

Proposition 1. When interest rates are the same within o country (®;, = 0) the nominal spending of

patient agents X ;. does not react to private credit shocks (Bj ) or to fiscal policy (neither G nor Tj ).

Proposition 1 clarifies the behavior of savers. In particular, their spending reacts neither to G nor
to Tj.. This result is related to — but also different from — Ricardian equivalence. To understand it, one
needs to focus on the budget constraint of the patient households. Clearly, shocks to interest rates will affect
this budget constraint and also the Euler equation, so we know that they will affect spending X, ; ;. What
is surprising is that, even though changes in the borrowing constraints of impatient agents or changes in

fiscal policy have a direct impact on disposable income )7”, savers do not react. The reason is that patient

14



agents know that higher spending today — which increases output — means higher interest payments in the
future — which decreases spending and output. The key result is that the net present value of disposable
income does not change as long as rates are the same within the country. Changes in B,G,T, T have no
effect on the permanent income of patient agents. Shocks to foreign demand, on the other hand, affect
consumption expenditures of patient households because they affect their permanent income. Of course,
even when expenditures remain constant, this does not mean that real consumption remains constant. In
fact real consumption always changes because prices (wages) always react to changes in aggregate spending.
These results depend on our using the preferences of Cole and Obstfeld (1991). Farhi and Werning (2013)

discuss the implications of these preferences for government multipliers in currency unions.

2.2 Scaling and Spreads

Proposition 1 explains why savers do not react to demand shocks. But savers react to other shocks. We
consider an economy subject to four series of shocks: the borrowing limit of the impatient households th7t7
foreign demand F},, interest rates, and fiscal policy. We assume that interest rates are time varying and

country-specific, but they are the same for all agents within a country:

Tbjt = Ts,jt = Tt

Savers react to interest rates and to foreign demand shocks. We are going to assume that the variance of

these shocks is small and linearize the Euler equation (5) as
Ey [ X 1] =B +7150) X je-
The equivalent equation for the monetary union as a whole is:
E, [X:,t-&-l] ~ B (1+rp) X3,

with 7} the interest for the monetary union as a whole. We define the spread shock as:

1+’I“j7t
147f

1+pe =
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We show in the Appendix that if we scale all our variables by X7, :

X jit
*
Xs,t

Ts,jt =

Then we have

Bt [2sj041]) = (14 pjt) Ts gt

From now on we work with scaled variables with the patient budget constraint:

Ts 4t + Sjt+1 = Sjt + Yjie

1+

2.3 Shocks and Policies

We make the following assumptions about the shocks:

Assumption Al.

e FExogenous shocks are such that E; [b;"tw] = b?,t+1> E; [fj41] = fie, and Ey [pj+41] = 0;

e Fiscal policy is such that E, [bitﬁ] =015

(13)

o The variance of interest rates and foreign demand is small, and By, is small enough that b;; = b;{t at

all times.

The first point says that the shocks are permanent and that spreads are iid. The second point defines a class

of fiscal policies. These assumptions are important for the expectations of the agents in the model. The last

point is purely technical. It allows us to linearize Euler equations. Notice that we do not need to assume

that shocks to B;‘)t are small or that fiscal policy shocks are small. We assume that the shocks are small

enough that impatient households find it optimal to borrow up to the constraint (this is a joint restriction

on the discount factor and the size of the shocks).

We now look for decision rules for the savers {s;;},_;, and the other variables of the model, y; ;, p?’t,

etc. The following Lemma is used repeatedly

Lemma 2. Under A1, savings dynamics satisfy By [s;142] = Sj141-
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In fact, we show in the Appendix that

h g
Sitl oo YXi (bj,tH _bht>+ 1 (bj,tﬂ _9 4 Pir T > (14)
Js

Ltpje 70 T—ajx; \1+pje L—ajxj \1+pie 7" 14pjal—a

Savings inherit the dynamic properties of b;-‘yt and bit. Since E, [p;++1] = 0, this validates our conjecture
that E; [s)¢42] = sje41.

Proposition 1 becomes

Corollary 1. Under A1, nominal spending of patient agents follows

A[fjil

1—Oéj

Axg = + Q54 (pjt, Pjt—1)

where Q;,(0,0) = 0.

This result is important because it says that in response to shocks to B;{t or shocks to fiscal policy —
including shocks to p;{tgﬂ — we not only have z; ;; = E¢ [z, j41] but in fact x, j+ = @, j+—1. As explained
earlier, the reason is that patient agents know that higher spending today — which increases output — means
higher interest payments in the future — which decreases spending and output. The key result is that the net
present value of disposable income does not change. Since on average (1 + r) = 1, savers optimally choose

to keep w5 exactly constant.

2.4 Impulse Responses

For simplicity, we assume that the tax rate is 7; is constant. The five equilibrium conditions of the model

are
Losjerr = (L4 pje) (856 + je) — Be [G5.041]

2. (1= o) Bt [Gj.041] = 15 (o (1= x5) Sj.e41 — a;X;bjtr1 — b)) + fiee

- b . b9
3. (1= ) §je = X (ﬁﬁi - b?,t) oy (1) (390 = F420) + T2 — b+ Fr

b9
. gy, — —ttl  pd
4. gjp+ T — 1950 = T, bj,t

5 e =1 —7)yje +Tju
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The five unknown endogenous variables are ¢, ¥, b?,w Sj,t+1, and [E; [gj’tJr]]. The exogenous shocks are
B]h,ﬂ Fj; ¢ and 7. The policy shocks variables are T} ; and g; . The state space of predetermined endogenous

. _— g
variables is s; ¢ and b5 ;.

Policy Rules We need to specify the policy function of the government in order to compute the impulse
responses. | We are interested in simple rules that deliver the property that the public debt follows a
random walk: [E; [b?’t +2} = ?’t 4+1- Automatic stabilizers have become a characteristic of modern fiscal
systems in all OECD countries and the income tax is a strong component of automatic stabilizers (see
Fatas and Mihov (2012)). We assume that spending and transfers are predetermined. From the government
budget constraint, this means that a recession at time ¢ automatically increases government debt at time

t. To maintain fiscal stability, we specify that transfers adjust from ¢ to ¢t 4+ 1 to keep public debt constant

thereafter: E, [b?_’t 4o = b¥ ,41- More precisely, we specify the general policy rule as follows

1. Fiscal variables p”,g;, and T}, are pre-determined. Government debt b7, is determined in equilibrium

at time ¢.
2. Set transfers T} ;11 for next period so that E; [b?,t—s-Q] = bf,,, assuming a martingale for p?7tgj7t.

(a) The expected budget constraint is

LY’

7B W] = gja 4 Tjapr + b e

(b) By definition we have
B [Gj.01] = (1 = 75) Bt [yj041] + e
(c) Therefore (recall that E; [§;41] is part of our solution at time t), T} ;41 is given by

- T
Tjee1 = TEe [G001] — (1 —75) gje — (1 — 75) mbit-i-l

THere is a simple example, that we do not use in the quantitative experiments, but that can help understand the model.
If the only shocks are changes in the private debt constraint tht, a government trying to stabilize its economy could react to
these shocks with the following simple rule:

g g _ ~ (P h
b5 er1 = b0 = —7X; (bj,t+1 - bm) ;
with 0 <~ < 1. We then get
XX h h
Sj —sjt=(1-— J7<b- fb-).
. t+1 7.t ( 'Y) 1—ayx; j 41 3.t

Nominal GDP is a more volatile when the economy is more closed and when the share of impatient borrowers is larger. We see
that perfect stabilization of s; ; is theoretically possible by choosing v = 1. We can check that this rule also implies a constant
disposable income.
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We present in Figures (5), (6), (7) and (8) the simple impulse reaction functions® that illustrate the impact
of shocks on household debt (b;;), public spending (g;), interest rates (r;;) and foreign demand (f; ).
An increase in household debt generates a boom in nominal GDP, employment, consumption of impatient
households (but not of patient ones who increase their saving, as explained in Proposition 1) and imports.
Public debt falls but the net foreign asset position deteriorates. A fiscal expansion has qualitatively similar
effects except that in this case public debt increases, although it decreases in percentage of GDP. The GDP
multipliers for household debt and government spending both increase with «; and x;. The reason is that
a higher share of spending on domestic goods reduces leakage through imports. A lower share of patient
agents in the economy implies that there is less increase in aggregate saving following either an increase in
private or public debt.

An increase in interest rates is very different because it induces patient households to save more so it
reduces their expenditures and generates a recession (fall in nominal GDP and in employment) that obliges
impatient households to reduce their spending. Imports fall and the net foreign asset position improves.
Because of lower tax revenues, the recession increases public debt. Finally, an increase in foreign demand
permanently increases nominal GDP which induces patient households to increase their saving. Consumption
of both patient and impatient households increase. The net foreign asset position improves. Public debt

falls because of higher tax revenues.

8For these impulse response functions, we use the following parameters: a = 0.75,x = 0.5,7 = 0.05, s = 0.3, 7 = 0.4. Prices,
wages and employment are normalized to unity at time ¢ = 0. The debt to income ratio is set at 60% for impatient households
at time ¢ = 0, so that the household debt to income ratio is 30%. The government debt to GDP ratio is set at 50% and the net
foreign asset position over GDP is set at zero at time ¢ = 0.
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Figure 5: Private Credit Expansion
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Figure 6: Fiscal Expansion
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Figure 7: Interest rate shock
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Figure 8: Foreign demand shock
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3 Quantitative Experiments

We next analyze a cross-sectional experiment to compare the model predictions and the data. We describe
the sources of the cross-sectional and aggregate data we use in the Appendix. We use data for 11 Eurozone
countries from 2000 to 2012: Austria, Belgium, Germany, Spain, Finland, France, Greece, Ireland, Italy,

Netherlands and Portugal and calibrate the shocks on the observed data.

3.1 Calibration

In order to map the observed data into the model we rebase the data with aggregate Eurozone spending,
as in Equation (13). We compute a benchmark in the same manner for consumption, government spending,
transfers and unit labor costs. The normalized data is the ratio of the observed data to this benchmark level.
This enables us therefore to interpret these as deviations from the benchmark levels for each data series we
observe. For both the household debt and the government debt, the rebased levels are the ratios of debt to
the benchmark levels of GDP. Aggregate variables (employment, GDP, consumption, transfers, government
spending and taxes, exports and transfers...) are analyzed either in per capita terms or in ratios of GDP. For
employment per capita, we take the deviation with respect to 2001 with an index of 1 for that year. 2001
is the base year for consumption and unit labor costs (index 1 in 2001). The normalized data are given in
figures (19) and (20) in the Appendix. Note also that government spending is adjusted for expenditures on
bank recapitalization.

The parameters that serve in the simulations are given in Table (1).

Table 1: Parameters

Parameter Name Value
Annual Discount Factor I} 0.98
Domestic share of consumption a; country specific
Share of credit constrained households x; country specific
Phillips curve parameter K 0.2

For the country specific domestic share of consumption, «;, we rely on the paper by Bussiere et al. (2011)
who compute the total import content of expenditure components, including the value of indirect imports.
For consumption expenditures and for our sample our countries the average implied domestic share in 2005
(the latest date in their study) is 27.3%. The lowest is 66.4% for Belgium and the highest is 78.7% for

Italy. For the country specific share of credit constrained borrowers, x;, we use the Eurosystem Household
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Finance and Consumption Survey (HFCS)Y. This survey has been used recently by Mendicino (2014) and
Kaplan et al. (2014) to quantify the share of hand-to-month households. The later paper defines these
as consumers who spend all of their available resources in every pay-period, and hence do not carry any
wealth across periods. They argue that measuring this behavior using data on net worth (as consistent with
heterogeneous-agent macroeconomic models ) is misleading because this misses what they call the wealthy
hand-to-mouth households. These are households who hold sizable amounts of wealth in illiquid assets (such
as housing or retirement accounts), but very little or no liquid wealth, and therefore consume all of their
disposable income every period. They define hand-to-mouth consumers as those households in the survey
whose average balances of liquid wealth are positive but equal to or less than half their earnings. We use a
related measure by Mendicino (2014), who for each country computes the fraction of household with liquid
assets below two months of total households gross income to approximate the share of credit constrained
households. The average for our set of countries is 48% with a maximum of 64.8% for Greece and a minimum
of 34.7% for Austria. Ireland did not participate in the survey so for this country we use the average of the
eurozone. These two parameters, the share of credit constrained households (x;) and the domestic share of

consumption («;), for our panel of countries are shown on figure (9).

Figure 9: Share of credit constrained households (x;) and domestic share of consumption («;)
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To transform observed aggregate household debt in the data into household debt b;; in the model which
is debt per impatient household (with share v;), we take the household to benchmark income ratio for each
country and then divide it by the share of impatient in the country x;. We use ¢ty = 2002 as our base year.

Given the absence of an intermediate goods sector in our model, we cannot use the value of gross exports

9The survey took place in 2010. In Greece and Spain, the data were collected in 2009 and 2008-09 respectively.
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as a measure of foreign demand, F;;. The trade linked to international production networks has been well
documented (see for example Baldwin and Lopez-Gonzalez (2013)). In the context of our model, we need to
measure the domestic value added that is associated with final consumption in the rest of the world, which
corresponds to value added based exports. As detailed in the data appendix, we use the data from the
OECD-WTO Trade in Value-Added (TiVA) initiative to measure domestic value added embodied in gross

exports.

3.2 Reduced Form Simulations

We first consider the predictions of the model taking as given the observed series for private debt (b"),
fiscal policy (g,T,7) and interest rate spreads (p;). To run the simulations, we first need to set the initial

conditions in a particular year (we use 2002).

1. Natural employment and prices are normalized to n* = 1 and p;ﬁ t, = 1 (s0 nominal GDP is normalized

in the base year to: y; 4, = 1)

. . e _ _ g g _ T .
2. Variables set to their observed values are: bj 1o, Tjto, Gjtos U510 0jio—15 Tito- We then get Tpy,, 75

and §;,¢, from market clearing and budget constraints:

(a) Foreign demand Z;,, is chosen to match net exports e;;, = a% (fite — (L — ;) Wjto — Gjito))

g
bj’t0+1 g

1474t Jrto

(b) Get 7; from the government budget constraint g; ., + T)j.1o — Tj¥jto =

(c) Disposable income at time to is g, = (1 — 75) Yj,00 + L) to
3. Savers’ assets s;, and s;;,—1 are chosen to solve the equilibrium conditions

(@) sje =1+ pje) (Sj0—1 +Tje) — Be [F.641]

(b) (1= ) Ee [F.001] = 75 (o (1= x5) sje1 — cxgbl oy =09 ,00) + fie

- b ) b9
(€) (1—a;)gje=ayx; (11?;1 - b?,t) +a; (1=x;) (Sj,t - fi;;t) + oy bt fie

We then feed exogenous processes for the different shocks (using rebased values) for observed household debt
b;?’t, fiscal policy 7;, T} and g; ¢, foreign demand f;; and interest rate spreads p;;. For each country, we
simulate the path between 2001 and 2012 of nominal GDP y; ;, nominal consumption z; ¢, employment n; ,
net exports e;; and public debt b7 ;.

The normalized data on observed shocks that serve to feed the model for each country are shown in

figures (19), (20), (21) and (22) in appendix.
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Just to be clear, there is no degree of freedom in our simulations of nominal variables. There is no
parameter which is set to match any moment in the data. The model is entirely constrained by observable
micro estimates and by equilibrium conditions. The only parameter that we can adjust is the slope of the
Phillips curve x but it does not affect the GDP in euros, it only pins down the allocation of nominal GDP
between prices (unit labor cost) and quantities (employment).

Figures (10), (11), (12), (13), (14), show the simulated and observed nominal GDP, net exports, employ-
ment, prices and public debt. The reduced form model reproduces very well the cross sectional dynamics
in the euro zone for nominal GDP and net exports. In particular, it replicates well the boom and bust
dynamics on GDP and the current account reversal for the crisis hit countries. For employment, the model
does also well for the crisis countries and for countries that were hit less severely. This is also true for unit
labor costs, apart from Italy in the later period and also to some extent Greece. Finally, the reduced form

model also generates public debt dynamics that are very close to the observed data.

Figure 10: Simulated and observed nominal GDP; all shocks
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Figure 11: Simulated and observed net exports
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Figure 12: Simulated and observed employment
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Figure 13: Simulated and observed unit labor costs
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Figure 14: Simulated and observed government debt
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3.3 Structural Experiments

We now present our main experiments. The goal is to provide counter-factual simulations of what would
have happened to each country had it followed a different set of policies.

We consider two policies:

e fiscal policy. We consider a different fiscal policy during the boom years. This leads to lower debt

levels in some countries.

e macro-prudential policies. We ask what would have happened if the government had restricted private

lending.

The identification is based on the following assumptions:

Private leverage. We use the US as a control group. More precisely, we estimate the following model for

deleveraging in a panel of U.S. states

K
S =3 " al oS e

k=1
for t = 2008, ..,2012 and 5 = 1,..52. Note that b;?,t is detrended household debt defined exactly as for the
Eurozone. The idea is that these private leverage bubbles reflected various global and financial factors: low
real rates, financial innovations, regulatory arbitrage of the Basel rules by banks, real estate bubbles, etc. To
a large extent these forces were present both in Europe and in the US. The difference of course is that there
was no sudden stops within the US. Hence, we interpret the US experience as representative of a deleveraging
outcome in a monetary union without sudden stops.

Another issue is whether fiscal policy was not also active in the US. Perhaps private debt bubbles were
associated with large fiscal revenues and large spending. This probably happened to some extent, but
compared to the Eurozone, these effects are very small (of course we are only talking about cross-sectional
variation in government spending). Figure 15 shows this for two states and two countries. A regression for

all the states and all the countries shows that the link between private debt and government spending was

4 times smaller in the US than in Europe.
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Figure 15: Government Spending
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We therefore argue that the US provides a benchmark for private deleveraging without sudden stops,
and with relatively neutral (cross-sectional) fiscal policy. We then take the estimated coefficients ags and

use them to construct predicted deleveraging in Eurozone countries:

K

‘hoo_ USh,

b= E :ak ik
k=1

for t=2008, .., 2012 and j=1..11. Figure 16 illustrates the results for California and Ireland. The model
predicts a somewhat slower deleveraging in Ireland than actually happened. This is also the case for other

countries that experienced a sudden stop.

Figure 16: Private Deleveraging
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Structural Equations of the Model. We now posit the following structural equations. Observed private

leverage is given by:

b, = AVRBR 4+ NP (15)

Private leverage is what it would have been based on the US experience minus the impact of the spread.
This impact can capture funding costs for banks and also the fact that debt demand by impatient agents is
not entirely interest inelastic as we have assumed in our model so far.

The second equation captures bond pricing:
pie = g % (AIP0] + N'7B]) (16)

where o captures the possibility of a sudden stop. This equation says that funding cost diverge when there is
a sudden stop and that the extent to which this happens depends on public and private debt. This captures
financial frictions associated with high leverage (debt overhang, risk shifting, adverse selection, runs, etc.)
We need to estimate the coefficients A’s on the period 2008-2012. We do so by running instrumental
variable regressions. Clearly,l;?’t , the deleveraging in Eurozone countries predicted by the US experience, is
a valid instrument for b?,r For government debt for bg)t, we use debt lagged three years as an instrument.

The coefficients (with standard errors in parenthesis) are shown in Table (2) :

Table 2: Coefficients Estimated with Instrumental Variables.
\bh \Ph 9P N\hp
0.967 —0.418 6.05 3.2
(0.007) (0.071) (0.96) (0.015)

Policy Functions The last task is to specify the alternative policy functions. We assume that the gov-
ernment attempts to stabilize the economy but is constrained by its cost of funds. We also assume that it
can potentially react asymmetrically to an increase and a decrease of household debt so that stabilization is

not symmetric over the cycle.

RU h h ce ok h

bjg',t+1 - b?,t = 7 QX (bj,t+1 - bj,t) —’pjeif bj,t+1 > bj,t (17)
hD h h - h

b?,tJrl - b?,t = =7 T a5Xj (bj,t+1 - bj,t) —pjtif bj,t+1 < bj,t'
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Counterfactual experiments For the counterfactual experiments, we use the cross sectional time series
for household debt and spreads that are constructed using the estimates from the structural regressions in
equations (15) and (16). Given that the fiscal policy function in equation (17) maps changes in household
debt and the level of spreads to changes in government debt, we can calculate the time series for government
debt on the period 2001-12, using debt in 2000 as an initial point. To simulate the counterfactual fiscal
policy, transfers and taxes are fixed at their 2002 levels and the level of government spending is calibrated
so that the path of government debt implied by the model matches the time series for government debt in
equation (17).

It is important to distinguish 3 possible histories.

First there is the actual history, which corresponds to governments behaving in a certain way during
the boom, then trying to enact counter-cyclical policies in the bust, but also being constrained by sudden
stops. All of these forces create the actual path of fiscal policy (i.e. government debt). Then there are two
counter-factual policies. One is: what would have happened without sudden stops? We can obtain this by
removing the feed-back loop between fiscal policy and spreads. In this case, we want the government to
be able to stabilize the economy. This allows us to calibrate the parameters 4*”, v"Y. When we add the
sudden stop, we then want to reproduce a path of fiscal policy that is close to the actual one. This pins
down ~*

In other words, we choose our policy parameters such that:
1. absent sudden stops the government would have stabilized employment;
2. the impact of sudden stops is such that it forces the predicted policy to be close to the actual ones.

This leads us to choose the parameters given in Table (3) :

Table 3: Policy coefficients

APUyhD

0.5 25 2

We then ask how countries would have fared if they had followed different policies during the boom. A

more conservative fiscal policy during the boom produces:
1. an alternative path for government debt during the boom

2. different amounts of fiscal slacks leading to different spreads
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3. the spreads feeding back to the economy via the structural parameters and the Euler equation, and

the actual, constrained, fiscal policy in the bust
We find in preliminary results that

e All countries would have stabilized successfully if they had had a more conservative policy during the

boom;
e The spreads would have been smaller;

e The implied path for government debt is of course different from the actual one or the one simulated
in the reduced form simulations. We know the later two are very similar. The counterfactual more
conservative fiscal path is described in Table (4) and compared to the one simulated in the reduced

form simulations which we interpret as the actual one.

Table 4: Simulated (reduced form) and counterfactual debt to benchmark GDP ratio in 2008
’ Country \ Simulated (reduced form) \ Counter-factual \ Difference ‘

Spain 0.5 0.35 0.15
Ireland 0.35 0.05 0.3
Greece 1.2 0.8 0.4

Portugal 0.7 0.4 0.3

Greece is the one that deviates the most as such policy would entail a massive reduction in public debt in
2008 compared to the actual one. For Ireland, it implies extremely low levels of debt in 2008 (even negative
in some calibrations). This suggests that fiscal policy is unlikely to be sufficient as a stabilization tool in
case of a large private credit boom. For Spain, the difference in public debt is much smaller.

Figure (17) illustrates these differences in paths of actual and counterfactual public debt. Figure (18)
shows the impact on employment. The difference is massive for employment in Greece and Ireland with, in
2011, an increase of around 25% in employment with respect to the observed path. In Portugal, and Spain

the difference is around 14%.
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Figure 17: Government Debt: Reduced Form Fiscal Policy and Simulated with Counterfactual Policy
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“Reduced” represents the actual path of public debt. “Structural” uses the structural model
with identified shocks and an alternative fiscal policy function.
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Figure 18: Employment: Reduced form and Simulated with Counterfactual Policy
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“Reduced” represents the actual path of public debt. “Structural” uses the structural model
with identified shocks and an alternative fiscal policy function.

4 Conclusion

Understanding the dynamics of the Eurozone is the major challenge for macroeconomics and monetary
economics. Eurozone countries have experienced extraordinary levels of real and financial volatility. Unem-
ployment rates have diverged to an extent that nobody had anticipated. Financial flows have been extremely
volatile and for the first time in history there have been major sudden stop in a common currency area.Yet
very little progress has been made. While most observers recognize that private leverage, fiscal policy and
sudden stops matter, no one has proposed a way to analyze them jointly, let alone propose a way to disen-
tangle them.

Our paper makes three contributions. First, we present a model that accounts at the same time for
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domestic credit, fiscal policy, and current account dynamics. Second, we create a data set for 11 countries
over 13 years that covers the variables of interest and deal with the various accounting issues. Third, and
most importantly, we propose a new identification strategy that allows us to run counter-factual experiments

on fiscal policy as well as macro-prudential policy.
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Appendix

A Model

A.1 Scaling
We have already defined the Euler equations

Ei [ Xs 1] = B(L+7s5) Xt

and
E, [ ;k,t+1] ~ 3 (1 + T:,t) X:,t'

and the spread as

If we scale the budget constraint (assuming perfect foresight, or equivalently, neglecting the conditional
variance of the aggregate shocks), we get

X S N
$,4,t i+l X3, it it
ity 2d = 2it 4 2

* * . * *
Xs,t Xs,t—i—l 1 +r87j,t Xs,t Xs,t

and up to the usual approximation we have

p _

Tsjt+ TWS”“ =St +Yjt

A.2 Phillips Curve
ho\2

p N

(ljyt) +(1€N*_1)p?’t_f{/}/j)t:0

Pjt—1
Defining A = (kn* — 1) + 4/@p,}:j’t , we find that

jt—1

pﬁt _1—/£n*+\/Z

h
Pji—1 2
h
Note that if p}?'t = n*, then A = (kn* + 1)2, and pfj’t = 1. We also experiment with asymmetric wage
J,t—1 jit—1

rigidity where wages are more flexible upward (when the output gap is positive) than downward (when the
output gap is negative)loz K = Kdqln; ,<n* + Kuln, >n+ Where kg < Ky

0For empirical evidence on downward nominal wage rigidity, see for example, Schmitt-Grohe and Uribe (2012) on periphery
countries in Europe.
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A.3 Budget constraints.

Let us first rewrite the budget constraints and market clearing conditions. For the sake of generality, let
us allow for three different interest rates for borrowers, savers, and the government: 7y, 7s ¢, and rg ;.

Using the market clearing condition, and competition p;{t = wj ¢, we get
it = o5 (X5 + (1= X5) @s,5,) + fie + G-

Nominal exports are Ty, nominal imports are (1 — x;) p;itcg_M + ij;-itc{: ;¢ Since the government does not
buy imported goods. So net exports are

eje = fie = (1= a;) (gon50 + (1= X5) Tsjit) -
We define disposable (after-tax) income as

Ui = (1= 7150) yje + Ty

We can then write the system for nominal variables

h
— i1 ~ _1h . . .
® Tt = T, T Uit bj ¢, budget constraint of impatient agents

o To = S8jt+ T+ — 22, budget constraint of patient agents
N j j Thrs

o yit =0 (X%t + (1 —Xj)Zs,jt) + fit + gj¢, market clearing

b9
. LT Lo— _t+l _ p9 i
o gt + T — Tjyie = EE— bj +» budget constraint of the government

° e = a% (fjt — (1 — ;) (yjt — gjt)), definition of net exports

Combining the first four equations, we get market clearing at time ¢:

ph S I
1— )i = s | =L ph (1 — v oo 2attl i S ] . 18
( O‘J) Yjt = QX5 (1 F o it | Ty ( Xj) Sjt 1+ 70 + 1+ 79,0 it Tt fit (18)

It will often be useful to obtain a recursive equation for nominal GDP. Taking the first difference of (18) we
get

- bl 1 Sjt+1
(1—a;)Afge] = x50y <5A llj_t;]t -A [%]) — (1= x5) ey (5A L_f;jj - A [Sj,d>
A b A1+ A
+8 Tpﬂ - [ j,t] + A [f]

A.4 Pseudo-Steady State

We consider a steady state with constant interest rates equal to the rate of time preference of savers, i.e.

B (1+r) =1 and the spread is zero: p = 0. The borrowing limit b; is exogenous and we consider equilibria
where the borrowing constraint 3 binds. Our notion of steady state is complicated by the fact that savings
s+ are history-dependent. We define a steady state as the long run equilibrium of an economy with initial
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savings s; and government debt b;’ , subject to no further shocks, constant government spending and constant

government debt. All nominal quantities are constant and employment is at its natural rate n*.!! The long-
run equilibrium conditions are

pin* = xjogmy i+ (1—x5) aizs; + [+ g
- r h
T = U b
- '
Tsj = yj+ 714_7‘8]'
,
TPt = gy + T+ b

1+r7
Nominal output (the price of home goods) is pinned down by
* * r T
pin* = a; ((1—7;) pin* + 1) Ty, (1= x5) 85 — xsb5) + f5 + 95-

There are several ways to specify government policy. Here we assume that the policy is to keep government
debt and nominal spending g; constant. Long run nominal output is then given by

h % aj b

p;n” = ra; +
J 1—oq 11—

+ 94 (19)

where recall that we have defined a as net foreign assets. This equation shows the determinants of the long
run price level. The long run price level depends on the exogenous components of spending: net asset income,
foreign demand, and government spending. All these are inflationary. For a given tax rate 7;, transfers are
then chosen to satisfy the government’s budget constraint:

r

_ b9
147

-

T; = ij?n* —9;

A.5 Euler Equation and Expected Income

We assume that interest rates are the same within a country: 74 ;¢ = s = 74,5 The crucial variable is
now the response of savers’ consumption. The Euler equation of savers is

1

Ts,j,t

1
~enn[ ]
Ls,j,t+1

and we use the linear approximation
By [2s,j041] = (14 pj) @s 5

Consider the following experiment. Savers enter the period with a given level of savings. Then there is
a shock to interest rates. For instance, starting from a steady state where p = 0, if the new rate is such

HWe consider here the case where labor supply is inelastic, so n* is effectively exogenous. The case of elastic labor supply is
presented in the Appendix. The differences are entirely predictable: n* depends on 7 and is not the same for borrowers and
for savers. These effects are rather small and essentially irrelevant for the dynamics that we study, so we leave them out of the
main body of the paper.
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that p > 0, savings jumps up, and if the new rate is such that p < 0, consumption jumps up. The budget

constraint at time ¢ is
Sj,t+1

Ts,jt = Sjt + Yjt — 1+
Js

and the expected budget constraint at time t 4 1 is

Sjt4+2 -
Et|:j):|:5‘t 1+ Ee (Y041 — Ts je41] -
1+pj,t+1 J,t+ []7+ s,JHr]

Combining the budget constraints and the linearized Euler equation, we get

54,642

= (1+ p; Sit+1Uit).
1 + pj,t+1:| ( p]7t) ( 75t y],t)

(14 B)sj.441 + Ei [F5,041] — BE [

since on average B(1+r) = 1.

A.6 Equilibrium Conditions of the Model

Detrending and assuming that rates are the same within a country, we have:

o L —(1+ pi) By [ﬁ}’ Euler equation

Ts,j,t

b
L, — _dsttl & ph
® Thjt = Ty, T Yit b

budget constraint of impatient agents

® Tt =51+ Yjt— 151—;;;11’ budget constraint of patient agents

o yit =0 (xjzvjt + (1 — X)) Ts,jt) + [it + gj¢, market clearing

bY .
® git+ 15— Tjtyje = 11’;;1 — bé{t, budget constraint of the government

o eje =5 (fix = (1 —ay) (ja — gj.e)), net exports

o i+ =(1—17;)y;++ T, disposable income

bh ) b9
v )T — v it+1 _ ph . N L Siit41 Jt+1l 9 . 3
o (1—0aj)Pjt = ajx; <1+p_7~,f, bj,t> +a; (1—x5) (sj,t 1+pj,t> + 1 biy + fj,t, market clearing

(alternative)

e n,; = % labor market
: o,

h h
Pjt—Pjt—1
R
Pjt—1

=k (n;+ —n*), inflation
A.7 Martingales and iid Spreads

We simplify the analysis by assuming martingales for the exogenous shocks b;t and Fj: K, [bﬁt 4o

} = b?,t+1

and E; [fj+41] = fj+. We also assume that the policy function of the government is such that E; [b?,t+2] =

b9, 4, Finally we assume that interest rates are iid:

E; [pji+1] =0
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We then have the following Lemma.
Lemma 3. E;[s;42] = si+1

We guess and verify that this is correct. Suppose the Lemma is true, then we obtain two important
equations. Equation (20) becomes

sjt = (1+pjt) (8j0—1 + Fjt) — Et [Jj641] 5 (21)

and expected market clearing at ¢ + 1 is

(1= ) B [Gje01] = (1= B) (a; (1= x5) $j.001 = xbf i1 — b7 00) + - (22)
Therefore
(1 —ay) i =1 —a;) U+ pje) (8504 G50) — (1= B) (o5 (1= x5) 85041 — Xy —b9,00) — Jit
Qj)Sjt+1 = QO Pjt) \Sjt T Yjt 27} Xi) S t+1 — QX5 441 = 05441 1—a;

Using market clearing at time ¢ we get

h
Syl L, = QX < b 111 _ph ) + 1 ( b§7t+1 — v, + thth) (23)
iz ‘

L+ pji Cleapx \ Lt M) leapxg \1+pe PP Ldpul-a

Savings inherit the dynamic properties of B;ﬁt and bg_t. Since we assume small shocks and E; [p;41] = 0,
this validates our conjecture that E; [s;41] = s,

A.8 Equilibrium Conditions with Martingales and iid Spreads

Equilibrium conditions
Losjerr = (1+pje) (556 + jt) — Be [75,041]

2. (1= ) By [,001] = 155 (a5 (1= x5) sj001 — Xty — b 1) + fiae

- b 55 b9
3. (1= a))Jje = X, (112?1 - bﬁt) oy (1) (sg0 = 75555 ) Tt — b+ S

154
. e raay., — —dsttl P9
4o gje+Tje = TiY50 = 15, — Vs

5 e =1 —7)yje +Tju

There are five equations and five unknowns: ¢, yj., 0711, 8j641, Ee[Jj,641]. The exogenous shocks are
b;?,t, fj and p; . The policy shocks are 7}, and g;; and 7; is constant. The state space of predetermined
endogenous variable is s;; and b7 ,.
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Combining 1 and 2 we can get rid of E; [§;41] to get a system with 4 unknowns

- r h
(I—aj)sjer1 = (L—ay) (14 pje) (856 +Yje) — T+r (aj (1= x5) 85041 — ayxsbl e — b9 00) — fin
(=) = ang (255 4l ) +ay (- xy) (1250 )+ Ry
—a) i = iy o 1) (s5y — Y .
3) Y3, X3 1+ pie ot j j 7, 1+ pre 1+ pie e T3
bgt+1
#ﬂ't =0 = g+ T =Ty
Js
Ui = (A=7)yje+Tje

Policy Rule of Government We specify the general policy rule as follows

1. Fiscal variables g;+ and T}, are pre-determined. Solve the 4*4 system above.

2. Get b?,t—s-l from
b

g
7‘7’t+1 = bg

. i
1+ pjs gt T 950 T Lje — TiYje

3. Set transfers T ;41 for next period so that E, [bitw] = bY,,, assuming martingales for pgtgj’t. Then
the expected budget constraint is

7Bt [Yje01]) = g + Tjor + (1= B) b7 4y
and E; [§;++1] is known from the 4*4 system

Es [§5,041]) = (1= 75) Bt [yj,e41] + Tje41

so we can solve for T} ;4 1:

Tjev1 = 7B [G001] = (L = 75) gje — (L = 75) (1 = B) b 44

A.9 The Case of Constant Spreads

Savers’ Spending with Constant Spreads With constant interest rates, the Euler equation is simply
Ts,jt = By [Ts,j1+1] and equation (21) becomes s; 411 — St = §jt — Ey [j4+41]. Combining market clearing
at t and ¢ + 1, we get a simple equation

(1= ;) (it — Bt [f7.0401]) = X (bjer — BYy) =y (1= x5) (85,6401 = 85.6) + b5 40 — Y,
Equation (23) becomes
A5 X

_ 7 h
Sjit1 — 8j0 = 72— (bjr11 — Bjy) +

1
I —b9.). 24
1—ax; ) ( Jit+1 J,t) ( )

1—ajx;
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The first difference of the disposable income equation is

5 A [E ',t+1] A [3 ‘,t+1] A [bg,t+1]
(1 — o) Agse] = xj0 <1J+7, -A [B]h,t] —(1—xj) @ <1J+T —-A [sj’t])+1j4—7*_A [b]g',t} +A[fj4]
Using equation (24), we then see that

Asj,t+1
1+7r

A[Fj4
1-— Oéj '

A:Ijj7t = - ASj,t + (25)

Equation (25) has an important implication. Using the budget constraint of the patient agents, we get

- As i t+1

Axsje = Asjp+ Afje— —"—— i .
_ Alf]
1-— O¢j

Therefore we have the following Lemma

Lemma 4. The nominal spending of patient agents remains constant in response to any sequence of shocks
to the debt of impatient agents and of the government.

This is important because it means that our linear approximation for z is in fact exact for shocks to Bj,t_i'_l
and to bg,t +1- Note that we can also express the evolution of disposable income as a function of exogenous

shocks .
g
_ Xjoy [ Abfi h 1 Abj 41 g A[fjl
Ajje = N — AW 2Ug
Yit ( 1+7r J’t>+1ajxj 1+7r It +1faj

Ab? AbY
R X5 ( 1'7_;_?1 — Ab?’t) + 1'7_;_?1 — Abg}t A Fi)
1—70)yii] = AT, + 2l
(L= 75.6) yj,e] —ay it T o

The fact that changes in transfers enter negatively reflect the fact that they have a smaller impact on output
than direct spending. This is because transfers can be spent on foreign goods and can be saved by patient
agents.

Simplest policy rule under constant interest rates In the model with constant interest rates, the
simplest policy rule is

b?,t+1 - b?,t = VX5 (b?,t—kl - b;t) ) (26)

with v < 1. We then get
QX

1— X (b;},t+1 - b?,t) :

Sjt+1 — S5t = (1 —7)
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Perfect stabilization is possible with v = 1. More generally we have

v A [pP
Uit — Gje—1=(1—7) Xi% 4 ( Ef;rl] -A [b?t]>

so disposable income is partially stabilized or completely if v+ = 1. From the budget constraint of the
government,

v
h J,t+1 g
LGt T — TieYje = Y
P ¢9; J 7,tY5 147 G5t

this policy also implies a path for nominal primary deficits. Disposable income and primary deficits are
uniquely pinned down by the policy rule (26) irrespective of the composition of government spending. The
composition of government spending matters for GDP, however, since

Uit — T

We get

Al =7)yjel = (1 —7) L ) (A [bﬁtﬂ] —-A [b?t]> = AT,

and if we assume a constant 7;, we get

Sj,t+1 — Sjt L= ajx; h h
E, [ s, = —2 = — ! — b}
t [yj,tJrl] Yjt 1—1; 17 1—a;x; ( i1 J,t)

These two equations show the tendency of mean reversion in this model. For net foreign assets, we get

aje—aji1 = (1=x5) (5001 — s50) — x5 (B o0 = 0,) — (b9, —0,)
(l_aj)Xj h h xj (1 —ay)
S VA ph e pg b ) = — (1 — iy ) A (el
1—a,x; ( jit+1 b+ Jt+1 J,t) ( O‘JXJ'YJ) 1—a;x; ( jit+1 Jﬂf)

An increase in borrowing by impatient agents deteriorates the net foreign asset position of the country,
but this deterioration is muted if the government conducts an active countercyclical fiscal policy with a high
;. Notice, however, that even when 7v; = 1, so that nominal GDP is perfectly stabilized, the net foreign
position is not constant.

The evolution of net exports is given by:

h g

X (1—ay) | AbY no Bl g
e 1 =Alf,] — — AV — AbY 27
€j.t €jt—1 [ijt] 1_ X, 14+r j,t 147 75t ( )

With the government rule of equation (26) we can get:
h h

_ Xj(L—aj) [ Ve —0f

ejt—eji—1=A[fi] — (1 —ao5x;575) 1 ayx 7 — (bj,t - bj,t_1) (28)

so that net exports decrease with borrowing of impatient agents even if the government conducts an active
countercyclical fiscal policy with a high ;.
We can consider more general dynamics of the economy for arbitrary paths for transfers and spending T'

45



and g that are consistent with a martingale for government debt. The dynamic equations are

. s Ab? AbY A
1 X5y RES h 1 jott1 g Alfie]
e A [yJ7t] T 1-ajx; ( 1+r Abjyt) + 1—a;x; ( 1+7r Abj,t> 1—aj

bh

e =) Al = = (oo (& | - a ) +a [ ] - ap2] ) - Alma+

. A [ ﬁﬂ A bS] = Algid + AlTj] — 72 [ysa)

Combining we get

A[fj,t]

l—Otj

h
LY A5 X b 41 h 1 h QX Alfjel
1 VR A NEAY) A Js — A [b" A L . VRAY) AT Js
( T ) il =12 ;X ( L+r : ‘”]) T Phessel 1= ;X D+ o7
(29)

A.10 Saver spending lemma with stochastic rates

A.10.1 Proof of Proposition 1

Savers solve the following problem:

max By 32,5 B log (w5 5,¢)

s.t.
. Sj.t+1 . .
Tsjt+ T, . = Sit T Uit
h
St > _Bj,t
Let us integrate forward the budget constraint:
K
Ts jt+k S] K41 yg t+k
TR Tt 2
k—0 Rji.k Jrt K+1 o Utk

where the k-period ahead discount rate for £ > 1 from the savers’ perspective
Rj,t,k = (]. + Ts,j,t) .. (]. + Ts,j,t+k) s

and the convention R;; o = 1. The next step is to use the resource constraint

- b‘t+1 Sjt+1 by t+1
1—a) i =a.v: | 22 p. —a: (1= v _optrt o F. _ptrd
( ;) Ujt = QX (1 ¥ o0 .t aj ( X;j) 1+ 7e 0 Sj¢ | + e+ 1+ 7,0

Summing and rearranging the terms, we get
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1 + Ts.it
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Therefore for a generic horizon K:

K
— ;) Uitk mft+k
L= y)Y5t+k
E = oy (1= x5) 856 — x5b5,0) +§
—0 j,t k—1 — j,tk
¢b,J,t+k 1 ¢g,17t+k 179
— QX E t+k — E b’
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S 1 aixib; bd
. (1 X )a it K41 X305, t+K+1 Gt K+1
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Rjtri1r  Rjerx \ 147 1479 00K

We take the limit and we impose a No-Ponzi condition

lim E, {SJHKH S
K—oo K +1
hm ]Et |: 1 bj7t+K+1 = O
K—o0 Rtk 1+17jt4+K ]
. :
. 1 b5 1K1
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The inter-temporal current account condition is

oo

o0 ~ —
Yjt+k g Lft+k
(1—aj) K = a; (1 =x5) 850 — ayx;bje — b5, + Ey
kZ:O Rtk g ,CZ:O Rtk
_E, i QX Pbjt+k—1bj 4k + Py jrk—107 1y
Pt Rjt.k
Define - g
& =E X Pb,jttk—1bj 04k + Py jtrk—1b5
k=1 Rjtk
The inter-temporal budget constraint is then
Jhttk gtk
(1= ) By =225 = (1= ayxg) s — Xgaubse — b, +Ee ) 7]{ -
k=0 gtk k=0 gtk

The net present value of savers’ spending depends on beginning of period net foreign assets (1 — a;x;) Sj,¢ —
Xj0bje — bit, the net present value of exports, and the cost of debt when there are spreads.

A.10.2 Proof of Lemma 2

We define p;; as the deviation of the interest rate from its steady state value:
1+rj,t = (1—|—7")(1+pj’t)

Note that we can rewrite equation (23) as

Sjt+1 pit it bjt+1 h
1—ajy) A |22 g A [P TRt A | DL gh | A
( X3) [1+Pj,t M] |:1+pj,t1aj:| IX3 [1+Pj,t J’t}

b
Jst+1 _ bg
14+ pj4 at

’
or as

Fy
1-— Oéj

A (1= ayxg) sjee1 = b5y — aixgbjie] = pie < + (1= ayx;) 850 — X By — bf?,t)

We can write the change in disposable income as:

- biii1
(1—a;)Algi = B (XjajA L it;j7t - B;ft} +A

b9
J,t+1 h
71 + pj7t — b_‘;],t‘|> — (]. — 6) A [Xjaij,t + bjg-7t]

FA[Fj] = (1= x5) 5 (BA [W} -A [%t])

1+ pje
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Using the first we get

~ 5s : F
(1—aj)Algid =801 —a;)A [Jt“ - Sj,t] —BA [pjtjt] —(1=B)A[xjoyB} + b9, — (1= x;) ajsje] +A [Fj 4]

L+ pjie L+pjel—a;
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- Sjt+1
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Pj,t
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- Sjt+1
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Therefore we get
- Sjt+1 A[F't]
Al = A || — Als; — R Q;
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where

Tyt— 7 it Fit
(1—0)pje ( 1f_’aj1 + (1 — ax;j) Sje—1 — ajX;bje—1 — b?,t—l) — BA |:1j:)0j,t 1_%}

].—Oéj

Qj,t =

where the key point is that €2 is zero if p is zero.
Using the budget constraint of the patient agents, we get

A[Fj]
1-— Oéj

s
Az = Asj+ Afj — BA { gyt ] = + Q4

L+ pje

which proves the Lemma.

B Data & Calibration

B.1 Data

All economic data (employment, population, GDP, consumption, government debt, expenditures...) comes
from Eurostat. The data on household debt comes from the BIS which itself compiled the data from national
central banks. Credit covers all loans and debt securities and comes from both domestic and foreign lenders.
The data on interest rates (10 year government bonds) come from the ECB. The spread is defined as the
difference of the 10 year interest rate on government bonds with the median of the euro zone. We had to
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exclude Luxembourg for which data is available only starting in 2005. We also excluded eurozone countries
that joined 2007 and later. We are left with 11 countries: Austria, Belgium, Germany, Spain, Finland,
France, Greece, Ireland, Italy, Netherlands and Portugal.

In order to map the observed data into the model we rebase the data in the following manner. We
construct a benchmark level of GDP for each country and year: it is the GDP the country would have if it
had the same per-capita growth rate as the whole eurozone and its actual population growth. Define

e Y;;: GDP in euros of country j, and Y; for the Eurozone
e N, .: population of country j, and N, for the Eurozone
e Benchmark GDP for countryj at timet:
Vie= }670%7;\\[@#1\:&
0 Njo/No
We have experimented with two definitions of Y; /Yy: one is actual GDP, the other is the trend nominal growth

before and after the crisis (starting in 2008 this benchmark growth rate is the average of the eurozone crisis,
around 1%). Then we define the rebased GDP as

<5

3

Y

Yjt =

We compute rebased series for consumption, government spending by scaling by the benchmark GDP. For
unit labor costs, we scale by the average unit labor cost in the eurozone. For employment per capita, we
take the deviation with respect to 2001 with an index of 1 for that year. We define the rebased level as the
ratio of debt to the benchmark levels of GDP:

Finally, when we map to our model, we must remember that we define b;; as per capita debt, so in fact we
have
Bj.
Xibje = =
Yt

The normalized data for the reduced form shocks for household and public debt, government expenditures
and transfers, spreads and foreign demand are given in figures (19), (20), (21) and (22).
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Figure 19: Household and public debt
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Figure 20: Government expenditures and transfers
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Normalized Spread (%)
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Figure 21: Spreads (10 year government bonds)
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Figure 22: Value added exports
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B.2 Simulation

To simulate the model and compare model outputs to realized data, we use as inputs to the model annual
data on household debt, government spending and transfers, government debt'? and interest rates for the
simulation period 2001-2012. The level of output, the price level and the level of net foreign assets are set to
their 2002 levels in the data. Foreign demand is set using data on exports in value added terms for 2001-2012,
normalized so that the level of foreign demand in 2002 satisfies goods market clearing in the model. Finally,
taxes are set so that the path for government debt implied by the model coincides exactly with the data.
In the counterfactual experiment in which fiscal policy data are not used as inputs to the model, the fiscal
rule described in the paper is used to set the level of transfers in each period, government spending is set
constant at its 2002 level in the data and tax rates are set from data in each period.

12Instead of using government debt directly from data, we construct a simulated government debt series in order to avoid
including factors that affect government debt in the data but are not in the model, such as bank recapitalizations, default, rev-
enues from privatizations, etc. The simulated debt series is constructed by adding to t — 1 period debt government expenditures
including interest payments and subtracting tax revenues.
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