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Abstract

Economists disagree about the nature of the eurozone crisis. Some see the crisis as driven by fiscal
indiscipline, others by external imbalances and sudden stops, others by excessive private leverage. Mo-
tivated by the comparison of the Great Recessions in the U.S. and the Eurozone, we analyze the role of
private and public leverage and ask: (i) What are the main drivers of the recession? (ii) To what extent
can private and public leverage movements explain macroeconomic outcomes in the different Eurozone
countries? (iii) What are the respective roles of sudden stops of foreign capital and fiscal policies? We
find that, from 2008 to 2012, the difference in fate across Eurozone countries is well explained by the
dynamics of household leverage. The dynamics of the Eurozone are similar to those of the U.S. In both
currency areas, regions that experience the largest increases in household leverage during the credit boom
(2000-2008) experience the largest declines in output and employment during the bust (2008-2010). After
2010, however, we find a distinct role for sudden stops and sovereign risk in the Eurozone, but not in
the United States. To study these questions, we develop a model of open economies within a monetary
union where macroeconomic dynamics are driven by private and public leverage decisions. We analyze
how our model can explain the cross-sectional variance in employment, output and consumption in the

Eurozone countries.
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A striking feature of the European crisis is the lack of consensus about its causes, even among economists
who normally share a common analytical framework. Economists profoundly disagree about causes and
solutions. Some see the crisis as driven by fiscal indiscipline, others by external imbalances and sudden
stops, others by private deleveraging.’

A salient feature of the great recession is that regions that have experienced the largest swings in household
borrowing have also experienced the largest declines in employment and output. Figure 1 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 US states? and

Eurozone countries.

Figure 1: First Stage of the Great Recession: Household Borrowing predicts Employment Bust
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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. 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. As noted in Midrigan and Philippon (2010), this pattern is 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

1In addition, there is disagreement about the role of multiple equilibria but this is not our focus here.

2State level household debt for the US comes from the Federal Reserve Bank of New York, see Midrigan and Philippon
(2010).



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 show that such a model with a first stage of leveraging
up of “impatient” agents and then deleveraging can broadly reproduce what was observed across Eurozone
countries during the recession starting in 2008 for employment, nominal GDP, consumption and wages. The
nominal credit shock starting in 2008 generates a decline in borrowing thus leading to a fall in consumption
spending and nominal income. “Patient” agents are affected because of the nominal income fall and reduce
their saving as a consequence of the shock. We show that this crucially depends on the share of patient
agents, on the openness of the economy and also on the reaction of the government. We indeed show that
if the government can increase public nominal debt in reaction to the private credit shock, it can stabilize
the economy. We introduce nominal wage rigidities which translate the decline of nominal expenditures into
employment.

Figure 2 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, EZ countries experience drastically different growth rates and employment.
But the state variable that correlates with labor markets performance in 2010-2011 in the Eurozone is not
household leverage anymore, it is social transfers during the boom. EZ countries where spending on transfers
increased the most from 2003 to 2008 are the ones that are now experiencing severe recessions in the last
stage.

We present a simple model that can shed light on the mechanisms at work in a monetary union and
where we concentrate on the impact of private leverage, fiscal policy and sudden stops. Our model allows us
to decompose the role of these various factors in the building up of macro-imbalances during the boom as
well as the dynamics of each country during the crisis.

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



Figure 2: Second stage:
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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

3For 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).



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 redenomination with a large 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. In fact, we do not know of any 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)). 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 (see 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 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



Figure 3: TFP growth differential (2008-2012/2000-2007) and employment during bust (2008-2012)
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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 3, 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 a 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
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

4If the differential of TFP is computed on the period 2010-2012, this conclusion remains unchanged.



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.
(2011) 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 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. 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.

1.1 Description of the model

We consider an open economy that trades with other regions of the currency area. Each regionj 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 Eggertsson 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): g = 5 > 5. Saving

and borrowing are in units of the currency of the monetary union.



Within period trade and production. Consider household 7 in region j at time ¢. Within period, all

households have the same log preferences over the consumption of home (h), foreign goods (f), and labor

h i
— ol Gt 1 ] it
uige = ojlog | == |+ (1—ag)log | o= — | = v (1)
J J

With these preferences, households of region j spend a fraction a; of their income on home goods, and

supply n:

1 — «; on foreign goods. The parameter o; measures how closed the economy is, because of home bias in

preferences or specialization in trade. The demand functions are then:

h h _ o
PiiCije = QjTigt,

f.f _ N
PG = (1 — o) iz

where z; ;+ = pé{tcﬁjyt —l—p{clf’j’t measures the spending of household 7 in region j in period t, 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 (2ij,t: pijt) = log (i) —logPje — v (nije)

where the CPI of country j is logp;: = «; logpé?’t +(1—«j) logpjj.it, the PPI is p?)t, and the terms of trade

s
are 5. From the perspective of country j, foreign demand for home good Zy, is exogenous, and we assume

Jst

a unit elasticity with respect to export price p?’t. Production is linear in labor n;;, and competitive, so
p?t = wj;. Market clearing in real terms requires:
Trt

h h
njt = XjCp it + (L= X5) Co e + o + 95t
it

where g; ¢ are government expenditures. Note that we assume that the government spends only on domestic

goods. We can also write the market clearing condition in nominal terms
- h
Yjt = Xj05T0 5.0 + (1 — Xj) jTs e + Tp + Dj 195t

Labor income and transfers. Each household supplies labor at the prevailing wage and receives wage

income net of taxes (1 — 7; ;) w;¢n; j+. 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.’

Borrowing, lending and 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 ¢t. The budget constraint of impatient

households in country j is:

bjt+1

T+ o + (1= 7j0) wiange + Tje = Tp g0 + bje, (1)

where 23, 5+ = p?,tcgb,ﬂ —&—p{c{:’t is spending, as defined above and 7y, ;; is the nominal borrowing rate between

t and t 4+ 1. Borrowing is subject to the exogenous limit Bjtt:
bt < by (2)

Savers save at the same nominal rate r, and their budget constraint is:

Sj,t+1
sje + (1= Tje) wianje + Tje = Ts i + 77— jﬁ? ; (3)
5,45t
so their Euler equation is
1 1 i
—E, V Qs “’”)] . (4)
Ts,j,t Ts,j,t+1

We will analyze the case where r is common to all countries in the monetary union and the case where r
differs across countries. We will also discuss the issue of risk premia and of differences between the borrowing

and lending rates. For now we keep the notations general by using a country and agent specific rate. The

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 — 1) :—JJ We can then ration the labor market relative to their natural rate: n; ;j; = %nmt
where n} (7) is the natural rate for household ¢ in country. This ensures consistency and convergence to the correct long run
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.



government budget constraint is

g
bj7t+1

O . g
m + Tjwjenge = P9 + T + 054, (5)

where b?)t is public debt issued by government j at time ¢t. We define nominal domestic product as
_ . h
Yjt = PjTyt

Nominal exports are Zf, nominal imports are (1 — x;) p;:tcf, gt ijitcg ;¢ since the government does not

buy imported goods. So net exports are:
e =T — (1 —a;) (G 0 + (1= x5) Tsja) - (6)
The net foreign asset position of the country is at the end of period t, measured in market value, is

. b Y
Sj,t+1 — Jt+l J,t+1 (7)
Ttrege l+mye 141y,

ajt = (1—x;5)

and the current account is

cay = €5, +Tj 105,

where 7;; is defined as the weighted average interest rate. The closed economy corresponds to a = 0 and
endogenous interest rate . The small open region corresponds to exogenous r and endogenous a.
It will be convenient to define disposable income (after tax and transfers but before interest payments)

as

Gje = (1= 750) Yje + Tie-

With this notation, we can write the budget constraint of the impatient agent as

b
i1 -
Tpj¢ = + Uit — by
P T,
and similarly for the savers: ;¢ = 55 + Jj¢ — % The first equilibrium condition can simply be

obtained by combining market clearing at time ¢ with the budget constraints of the borrowers, the savers,

10



and the government:

. b't+1 Sjt+1 _ bg‘t+1
l—a))fis=aix; | —— — by | —a; (1 = i L T [ T e e L — 8
( ) Uit iXg (1 ot .t 5 ( Xj) 1+ 7o gt ft Ty Tt 3.t (8)

This equation shows the four sources of nominal demand: impatient borrowers, patient savers, foreign demand
and public expenditures. It holds even if interest rates vary over time and across agents. Equivalently this

equations says that the current account equals the change in net foreign assets:
Cajt = Qje+1 — Ajt-

1.2 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 + 1) = 1. The borrowing limit b; is exogenous and we consider equilibria where the borrowing constraint
2 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 savings s; and government debt
bj, 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*.6 The long-run equilibrium conditions are

p;.ln* = XjQ;jTp,; + (1 — Xj) Q;Ts, 5 + Ef +p?gj
- roT
Tog = YT 0
B r
Tsj = Y;+ ?8]
ij?”* = p?gj + T + 7bg

1+

Nominal output (the price of home goods) is pinned down by

p?n*:aj ((l_Tj)p?n*"_Tj) Xaajl b +(1 Xj)ajl sj—&—mf—&-pjg]

6We 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.

11



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

Q; r xTy
= a'+
1—a;jl47r"’

*

pin -+ plfg; (9)
J

l—«

where recall that we have defined net foreign assets as a; = (1 — x;)s; — x;b; — b? . 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:

h h r
Tj = ijjn* _pjgj — 1 +7,bjg
1.3 Employment and Inflation
The system above completely pins down the dynamics of nominal variables: y;;, %; j,.... Employment (real

output) is given by

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

0 =k (nje —n’) (10)
Dji—1

(v))°
p;‘itfl

+ (k= 1) P, — Kyje =0

Defining A = (kn* —1)% + 45#, we find that

Jrt—1

p;—lt _1—/<m*+\/Z

5

p?,t—l 2

U h
Note that if p",f’—“ = n*, then A = (kn* + 1)27 and # = 1. We also experiment with asymmetric wage
J,t—1 G.t—1

rigidity where wages are more flexible upward (when the output gap is positive) than downward (when the

12



output gap is negative)7: k= Kdln; ,<n* + Kuln; >n* where kg < Kq.

2 Nominal Dynamics

2.1 Savers

The main challenge is to pin down the behavior of savers. The problem of the savers is®

t
max tho B log (s,5,t)
s.t.

_ Sl _ o =
Tsjet 14, = Sit T Yje

Sjt > —bjs

where y;; and 7, ;; are both random variables and Bj,t is the ad-hoc borrowing limit in country j at time ¢
(it is of course binding for impatient households). This 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.

Instead, our focus is on the budget constraint, and its Ricardian properties. Let us first define the

k-period discount rate from the savers’ perspective as
Ritk =1 +7s50) - (L4706 j04k-1)

with the convention R;:o = 1. Define also the financing spreads ¢ for private borrowers and for the

"For empirical evidence on downward nominal wage rigidity, see for example, Schmitt-Grohe and Uribe (2012) on periphery
countries in Europe.
8The complete objective function is of course

> B (log (ws,5,t) — log (Bj,e) — v (1)) -

t>0

It is simplified by log preferences (so prices are additively separable) and by our rationing rule for labor. 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 3 (1 + r) is close to one.
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government as

1— ¢ X — I+ Ts,jit
P T

1 + Ts.it

1— . = 2Js
D3t L7y

Then we have the following Lemma

Lemma 1. The intertemporal current account condition is

o ~ oo —
Yjt+k Tfit+k
(1—ay) [ (L= x5) 850 = X5bsu + B D R-J = (1= xj) 850 — Xybju — b0, + B Y L — @y,
k=0 gyt k—1 k=0 g5tk

where @y is the net present value of financing costs

— ¢ — ¢
_ b,j,t+k—1 9,7, t+k—1
B = oy By Y Dty B, Y ekttt
= Rtk = Rtk

On the left we have private wealth (discounted at the savers’s rate) and (1 — «;) is the share wealth
spent on imports. On the right we have net foreign assets plus the value of exports. From the intertemporal

budget constraint of savers

o0 o0 ~

E, Ts,jt+k si¢+E, Yjt+k
Z ) - Z .
k=0 R],t,k’ k=0 R]vtvk

we then get the following proposition

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

patient agents T, ; does not react to credit expansion or to fiscal policy.

Proposition 1 clarifies the behavior of savers. In particular, their spending reacts neither to g, nor to
T} 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 =, ;.. 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 g; ;, savers do not react. 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 as long as rates are the same within the country. Changes in b, g, T,7 have no

14



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 are related to Cole and Obstfeld (1991) and Farhi and Werning (2013). TBC.

2.2 Shocks and Policies

We consider an economy subject to four series of shocks: the borrowing limit of the impatient households
bj+, foreign demand Z s, 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: 74 j+ =g ;+ = rg,,+- We define

pj+ as the deviation of the interest rate from its long run value:
Lt rje =0 47) (14 pje)

We make the following assumptions about the shocks:

Assumption Al.
e FEzogenous shocks are such that B, [Bj7t+2j| =bj 11, B [Tpe41] = Zpe, and By [pje41] =0
e Fiscal policy is such that B, [bitﬁ] =0l

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

all times.

The first point says that the shocks are permanent and that interest rates 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 FEuler equations. Notice that we do not need
to assume that shocks to b;, 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;-lyt,

etc. The following Lemma is used repeatedly

Lemma 2. Under A1, E;[sj+2] = Sji+1-
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In fact, we show in the Appendix that

—_ g —
M e, = QX < bj,tJrl B Z_) t) n 1 < bj,t+1 9 + Pt ff,t) (]_1)
J, 7,

Ltpje 70 T—ajx; \1+pj L—ajx; \1+pie 7" 14pjul—ay

Savings inherit the dynamic properties of If)j’t and bfw Therefore this validates our conjecture that E; [s; 12] =

Sjt+1-

Proposition 1 becomes

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

A [ff,t]

Az jp = + Q¢ (Pt Pjt—1)

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

This result is important because it says that in response to shocks to lij’t or shocks to fiscal policy —
including shocks to p;{tgj’t — we not only have x, ;; = E; [xs’j’t+1] but in fact z, j; = xs jt—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 8 (1 4 r) = 1, savers optimally choose

to keep w5 exactly constant.

2.3 Simple Solutions with Constant Interest Rates

The Appendix presents the solution with stochastic interest rates, but much can be learned from the dynamics
of a small open economy with a constant nominal rate such that 5 (1 + r) = 1. This will help us understand
the properties of the model. We need to determine the dynamics of ;; and s;;. We know from the previous

Lemma that E; [sj7t+1] = s5;¢. From time ¢ + 1 onward, the expected budget constraint of savers is:

-
E¢ [%s,.041] = Ee [ s
¢ [Ts,j,041] ¢ [Uj41] + 1T S Sat

We can combine this last equation with the linearized Euler equation of the savers z; ;; = E; [z ¢+1] and

the date-t budget constraint, to obtain the optimal path of saving for patient households:
Sji01 — Sj. = Uit — Be [Tj,041] - (12)
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The conditions says that savers optimally choose to keep their expected disposable wealth ¢, ; +s;; constant.
We can rewrite the market clearing condition contained in equation (8) at time ¢t 4+ 1, and use our

conjecture for s, by and Ty, to get:

r
= ;—
T147r

(1 — a;j)E¢ [5,41] (1= x5) 85641 — Xbjeq1) +Tps + Ey

bgt+2
1J’+T — b?,t—&-l] . (13)

From Equation (13) it is clear that government debt dynamics play a crucial role. To be consistent with our
assumptions, we assume that government debt also follows a random walk: E; [bit +1] = bﬁt. This assumption
is quite flexible. We will see that several government policy rules are consistent with it, including complete
or partial stabilization of nominal GDP.

The three equilibrium conditions are then given by equations (8), (12), and (13). Our conjecture requires
that disposable income follows a random walk: for all & > 1, we need to verify that E; [§; +n] = E¢ [§,441] -
Combining (8), (12) and (13) we can then find savings dynamics as a function of the borrowing by impatient

agents and the government:

QX 1
Sjt4+1 — Sjt = 1_170& (bje41 —bje) + T—an (b?,t+1 - b?,t) (14)
JIAT JAJ

This shows that savings inherit the dynamics of borrowing by impatient agents and the government. The
reason is that borrowing affects total spending and therefore nominal income dynamics to which patient
agents react optimally by adjusting their savings. The coefficient (1 — ajxj)fl is an aggregate multiplier
that depends on the share of impatient agents x; and the share of home goods in consumption «;. For a
given amount of borrowing, the impact on spending and income is larger if the share of impatient is larger
and the economy is more closed. Government borrowing — which is also the change in nominal government
spending net of tax receipts — has a larger than private borrowing impact because government expenditures

are spent entirely on domestic goods. For GDP, we show in the Appendix that

, IS T bji+1 , b i1 g 4 Alzy ]
(A =7) Alyjel = 7= ;X (ajxj (A [1 i r} A [bj,t]) +A ign A ) = AT+ Toa,
(15)

where A denote first differences, i.e., Afy;¢] = y;+ — y;1—1. Changes in transfers enter negatively because
they have a smaller impact on output than direct spending. The reason is that transfers can be saved by the
patient agents and that government expenditures are assumed to have 100% home bias. The GDP multiplier

for government spending is — 1 Note that it does not take into account the impact of spending on

Q5 Xj
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GDP and therefore on government revenues. Assuming that the tax rate does not change at the time of

the shock and constant levels of transfers, the multiplier for government debt is 1717, 17;% (measured in
J JIAT
current period currency, so dropping the = term) The multiplier from private debt is 1717, 1?& X;{ -
J JIAT

Aggregate nominal expenditures is given by X;; = x;xp+ + (1 — X;)Zs+, the sum of expenditures by
impatient and patient households. The reaction of patient households depends on the shocks. When interest
rates, foreign demand and tax rates are constant, it is easy to see that patient spending remains exactly
constant in response to shocks to borrowing by impatient agents or the government, as discussed in Propo-
sition 1. Hence, changes in aggregate spending are driven by the movements that affect the consumption of
impatient agents (their borrowing constraint and public borrowing) and those that affect the consumption

of the patient agents (foreign demand):

, bjt+1 + b7
AXjy = — A 2T A (b 407
’ 1— QX 1+7r ’ Js

2.4 Impulse Responses

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

model are
Losjurr = (L+pje) (856 + Tje) — Be [5.041]
2. (1= ) B [95,001) = 75 (5 (1= x5) 85,001 — yXsbjern — b py) + Tpee

- - b9 _
8 (1= ) G = g (P = By ) 5 (1= ) (50 = £20 ) o 250 — 00, + 3y,

g
b5 41 g

h o R O
4 piagie + Tje — TiYie = 15, — Ui

5. i = (L= 75) yju + Th
The five unknown endogenous variables are 9; ¢, ¥;.¢, b;{t, sj.¢, and Eq [g;141]. The exogenous shocks are l;j,t,
Z¢4 and 7;4. The policy shocks variables are Tj; and g;;. The state space of predetermined endogenous

i is s g
variables is s; ;1 and b3, ;.

Policy Rules We now turn to the policy function of the government. ? We look for rules that are plausible,

simple and deliver the property that the public debt follows a random walk: E; [b] ' +2] = bj +11- Automatic

9Here 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 b; ¢, a government trying to stabilize its economy could react to
these shocks with the following simple rule:

g g _ )
bj,t+1 - bj,t = TYGXG ( jt4+1 — J,t)
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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
t automatically increases government debt at time ¢. To maintain fiscal stability, we specify that transfers
adjust from ¢ to £+ 1 to keep public debt constant thereafter: E, [b?yt +2} = bg,t +1- More precisely, we specify

the general policy rule as follows

1. Fiscal variables p?’t g;,¢ and T ; are pre-determined. Government debt bﬁt is determined in equilibrium

at time t.

2. Set transfers T} ;11 for next period so that E; [bitﬁ] = b?,t+1 assuming a martingale for pg'/’tgﬁ.
(a) The expected budget constraint is

r

h
7Bt 1] = P5 e + T + 71 b

(b) By definition we have

B¢ [Fj.641] = (1 — 75) Bt [yj,041] + Tje41

(c) Therefore (recall that E; [§;¢41] is part of our solution at time t), T} ;41 is given by
Ty = 7By = (1= 7)) Pugin = (1= 1) 0
got+1 = Tilkt [Yjt+1 Tj)Pjt95.¢ Tj 14 il

We present in Figures (4), (5), (6) and (7) the simple impulse reaction functions!'® that illustrate the impact
of shocks on household debt (b;;), public spending (p/,g;.), interest rates (r; ) and foreign demand (Zy.,).
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

with 0 < < 1. From equation (14), we then get

5 X . (Bj,t+1 _ I;j,t) )

Sj+1 = 85 = (L=7) 7= P
IAI

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.

10For these impulse response functions, we use the following parameters: o = 0.75,x = 0.5,7 = 0.05, k = 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 ¢t = 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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effects except that in this case public debt increases, although it decreases in percentage of GDP. 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.

Figure 4: Credit Expansion
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Figure 5: Fiscal Expansion
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Figure 6: Interest rate shock
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Figure 7: 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: Austria, Belgium, Germany, Spain, Finland, France, Greece, Ireland, Italy, Netherlands and
Portugal and calibrate the shocks on the observed data.

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
experienced if it had the same growth rate as the whole eurozone during the period 2001-2007. Hence, we
assume no difference in TFP growth. Starting in 2008 this benchmark growth rate is the average of the
eurozone crisis, around 1%. 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 and transfers...) are analyzed either in per capita terms or in
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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 15 and16 in the Appendix.

The parameters that serve in the simulations are given below.

Table 1: Parameters

Parameter Name Value
Annual Discount Factor B 0.95
Domestic share a;  country specific
Share of credit constrained X; country specific
Tax rate T  country specific
Asymmetric Phillips parameter kg4 0.3
Asymmetric Phillips parameters &, 0.3

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, we use the Eurosystem Household Finance
and Consumption Survey (HFCS)!!. 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
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 for this country we use the average of the eurozone. These

two parameters for our panel of countries are shown on figure (8).

1 The survey took place in 2010. In Greece and Spain, the data were collected in 2009 and 2008-09 respectively.
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Figure 8: 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 multiply it by the share of impatient in the country ;. We use ¢y = 2002 as our base year.

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

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

; ; D _ ho g g g _ =
2. Variables set to their observed values are: bj vy, Tj1ys Pj1o95t0s Ujes bjtg—1> Tito- We then get Ty,

7; and g ¢, from market clearing and budget constraints:

(a) Foreign demand Z 4, is chosen to match net exports e; ;, = a% (Zpto — (1 —a5) (Yjt0 — P10 95000))

g
bj,t0+1 q

(b) Get 7; from the government budget constraint p;{togj’to + Tt — TiYjte = T % o

(c) Disposable income at time tg is g;.¢, = (1 — 75) Yj.t0 + Ti to

3. Savers’ assets s+, and s;+,—1 are chosen to solve the equilibrium conditions

(@) sjt =1+ pje) (sjt—1 + Fjt) — Ee [Fj,041]
(b) (1= aj) B [F5.041] = 755 (5 (1= x5) $5.0401 — iXgbjnr — 05 yy) + Tfae

- b, - ) 34 _
(¢) (1 —ay)dje = Xy (li’if,, - j,t) +a; (1 =x;5) (Sj,t - fitrfl,) + o b+ T

We then feed exogenous processes for the different shocks (using rebased values) for observed household debt
Bj,t, fiscal policy 7 ¢, T}, and p?’tgj,t, 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;:, and public debt
e
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The household debt (as a percentage of benchmark GDP) for each country is shown in Figure (9).
Figure 9: Household Debt
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The simulated and observed paths of nominal GDP, employment, nominal consumption, unit labor costs,
government debt for each country are respectively shown in Figures (10), (11), (12), (13), (14). 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 s 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).

The model reproduces in particular the fact that countries that experienced the largest increase in
household debt (Spain, Greece, Ireland, Italy and Portugal) in the boom period (from 2001 to 2008) also
experienced the largest fall in nominal GDP, employment, consumption and to some extent wages in the

bust period (up to 2012). Note also that the model broadly reproduces the dynamics of public debt.



Figure 10: Simulated and observed nominal GDP
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Figure 11: Simulated and observed employment
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Figure 12: Simulated and observed nominal consumption
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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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4 Conclusion

To be completed.
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Appendix

A Model

A.1 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
Yje = o (Xjxb e + (1= Xj) Tajt) + Tpa + D 1G5

Nominal exports are Z;, nominal imports are (1 — Xj)pitcg,j’t + ijf’tc{;j’t since the government does not
buy imported goods. So net exports are

e =Tpe — (1 =) (@50 + (1= X5) Tsjit) -
We define disposable (after-tax) income as
Ujp = (1= 7150) yje + Ty

We can then write the system for nominal variables

b; _ . . .
® Tyt = 7ot + g — bj+ budget constraint of impatient agents
e To,j.t ’ ’

® Tyt =5Sjt+ Uit — 1‘:{;3; budget constraint of patient agents

o yjo = (2ot + (1= Xj) T j) + T + Pl gj0 market clearing

bY .
. pﬁtgj7t + T —Tj1Yje = 1_#‘;; — b7, budget constraint of the government

o ejr = (Tre— (1= 0ay) (yje — P195.4)), definition of net exports

J

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

- bj 41 7 ( Sjt+1 bg‘t+1 _
1—a) ¥t =ajx; | —2— bt | +a; (1—x5) (856 — —2 + L — b7, + Ty 17
( ) Ujit iXi (1 Tht .t i ( X5) | Sit 1+ a0 ) it It (17)

It will often be useful to obtain a recursive equation for nominal GDP. Taking the first difference of (17) we
get

- b; - ,
(1= ;) Al = xj05 (/m szf] ~A [bj,t]> ~(1=x5) (BA {%} - A [sj,to +BA

9
bj,t+1

NI z
14+ pj4 A [bjyt] +A 1.
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A.2 Euler Equation and Expected Income

We assume that interest rates are the same within a country: ryj; = 74+ = 14, We define p;, as the
deviation of the interest rate from its steady state value:

Ltrje=047)(1+pj5e)-

The crucial variable is now the response of savers’ consumption. The Euler equation of savers is

— (14 p3)B | ]

Ls,j,t Tsjt+1

and we use the linear approximation

Et [2s5,5,041) = (L+ pjie) Ts 51

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
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

Sjt+1

147

Tsgt = Sj¢+ Yjt —

and the expected budget constraint at time ¢ 4 1 is

5.

j,t42 .

E; [] =541+ Et [Jj0401 — Ts jie41] -
L47je41

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

~ S5 .
(14 B)sj.41 + Ei [§j,641] — PE; [W] =1+ pje) (856 + Gjie) - (18)
1+ pj+1

since on average (1 +r) = 1.

A.3 Martingales and iid Interest Rates

We simplify the analysis by assuming martingales for the exogenous shocks Bj,t and Ty Ky [Bj’urg} = Bj,t+1
and E¢ [Zf,441] = Zf;. We also assume that the policy function of the government is such that E, [b?7t+2] =
b9, 4, Finally we assume that interest rates are iid:

E¢ [pje41] =0

We then have the following Lemma.
Lemma 3. E; [s;;42] = s¢41

We guess and verify that this is correct. Suppose the Lemma is true, then we obtain two important
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equations. Equation (18) becomes

sjt = (L4 pje) (8561 + Uje) — Et [G5.041] (19)

and expected market clearing at ¢ + 1 is

- T _ 3
(=) B [gjen] = —— T (aj (1= x;) 8,001 — ajxbjrr — 09,0 1) + Tfs (20)
Therefore
~ r 7 g Trt
(I —ag) sjerr = (1 =) (1+ pje) (50 + i) — e (aj (1= x;) 85,001 — ajxbjisr — Y, 4) — T
J

Using market clearing at time ¢ we get

— g —
M s 075¢ ( bj,t+1 _ bt) n 1 ( bj:t+1 _ bg + pJ’txf’t> (21)
N Js 1

Ltpje 7 T—ajx; \1+pju —ajx; \1+pie P 14pel-q

Savings inherit the dynamic properties of b; ; and b¥ ;. Therefore this validates our conjecture that By [s,1+1] =
Sjt-

A.4 Equilibrium Conditions

The savers equation with iid shock is s;.41 = 1;‘7_&’ (sjt +Yjt) — B [gj,041] - The “1” comes from the fact

that the shock lasts one period. If instead the expected persistence was 1/ then the equation would be

At T
A+r

Sjt+1 = (55,6 + Tj,0) — B [F5,041]

Thus A < 1 makes savers more responsive to interest rate changes. Note that this is only about the
expectations of savers, it does not change the resource constraints. In both cases, we need to make sure that

sje > —bj
Equilibrium conditions

A7t

Losjar1 = 532 (s + U5t) — Ee [F5,041]

2. (1= ) Bt [G.001] = 155 (05 (1= x5) Sj.0401 — gXgbjenr — 09,0 1) + Tfse

. b, ; b9 _
B (= ag) e = g (T35 = Bye) 05 (1= ) (ss0 = T5550) + 7555 — B+ 20

b9
h . T\ — poys s — Dttt 39
4. pj .95 gt = Tt = T, bj,t

5 Gje=1—7)yje +Tju
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There are five equations and five unknowns: ¢;, ¥t b§7t+1, 85141, K¢ [gj,tﬂ]. The exogenous shocks are
bj¢, Ty and 7. The policy shocks are T} ; and g;; and 7; is constant. The state space of predetermined
endogenous variable is s;; and b7 .

Combining 1 and 2 we can ge‘é rid of By [7;,++1] to get a system with 4 unknowns

ATy ~ r = _

(1—aj)sjet1 = (1—q) 3 +i (856 + F5) = 77 s (aj (1= xj) 850401 = QXbj 1 = b1 41) — T

(1—a))§e = ;X l_’jvti“,g, ta;(1—x;) (85— it ) bt v, 4z

) Yjt i Xj T+7;, .t J X3 it T+, 1+75 5.t It

g

/S UV R S S

v, it = Pjagit + Lt — TjYijt

Js

Ui = (I—=7)yje+The

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

1. Fiscal variables p;’-;tgj,t and Tj, are pre-determined. Solve the 4*4 system above.

2. Get b%,,, from

g
bj7t+1

_ 39 h ey
1+ Tt = bj,t +pj,tgj,t + Tg,t TiYjt

3. Set transfers T ;41 for next period so that E, [b?,t+2] = bY,,, assuming martingales for p?7tgj7t. Then
the expected budget constraint is

r

h
TiBe [Yjen1] = pjgie + Tiarr + 5 n bl

and E; [9; ++1] is known from the 4*4 system

Be [gj.e41] = (L= 75) Bt [yj,e41] + D)o
so we can solve for Tj ;4 1:

r

Tjir1 = T [G5,001] — (1 — Tj)p?,tgj,t —(1—=) mb?,t-i-l

A.5 The Case of Constant Interest Rates

Savers’ Spending with Constant Interest Rates With constant interest rates, the Euler equation is
simply zs ; = E; [z541] and equation (19) becomes s; 411 — Sj¢ = §j1 — E¢ [§j,0+1]. Combining market
clearing at t and t + 1, we get a simple equation

(1= ) G50 = Be [G1.0401)) = ajxg (b1 = bje) — g (1= x;5) (85,001 — 85.0) + b5 1 — b9,
Equation (21) becomes

QX - - 1
Sjt+1 = St = 7 = (b1 — bje) +

— (v —b7.). 22
_ anj 1— anj ( 7,t+1 j,t) ( )
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The first difference of the disposable income equation is

A[bj i1 T Sjt+1 Ab?tl .
(1 —aj) Ay = xjoy (ﬁ_:] -A [bj,t]> —(1=xj) o (Al[i:] -A [Sj’t]>+h;]—A (b9, ]+A [z5.4]

Using equation (22), we then see that

(23)

Equation (23) has an important implication. Using the budget constraint of the patient agents, we get

- As i t+1

Al's,j,t = A.Sjyt —+ ij,t — lji—i—’l”
_ Ay
1-— Qi

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 —
_ X% (Abjat1 7 1 Abj 111 g Alzy,]
Ay = — Ab; — Ab? —
Yit ( 1+7r ]’t)+1ajxj 1+7r e | T 1—a;

And for GDP we get

Ab; 411 7 Abg‘,, 1
Xjaj( T _Abj,t) + i — A, Azl
- AT, + —==

1-— QX5

Al - Tj,t) yj,t] =

1701]‘

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 in = b7 = =705 (Ba1 — bje) » (24)
with v < 1. From equation (14), we then get

Qi X

spen s == 72 8
INT

(Bj’tJrl - Bj,t) :
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Perfect stabilization is possible with v = 1. More generally we have

o A b _
Tit — Gt = (1 — ) 22 ; ( Ef;l] —A[bn]>

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 (24) irrespective of the composition of government spending. The
composition of government spending matters for GDP, however, since

Uit — T

We get

AL = 75) ype) = (1 — ) —2X_ (A enl _ [Ej,t]> ~ ATy

and if we assume a constant 7;, we get

8j.t+1 — Sj.t e/ 7Y C s 7
E . ., = —— b. — b
t [Yje+1] — ) 1— 1—71—a;x; ( 7.t +1 J»t)

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

aji—aji1 = (L=x5) (001 = 556) = X5 (bje1 = bjie) — (5141 —05,)
I—a)x; 7 ; x; (1—oy) - -
L TG e b b)) = — (1 — vy Y
1— X ( 5, t+1 ¢t jt+1 J,t) ( OéJXg'Yg) 1 X ( j,t+1 J,t)

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 v; = 1, so that nominal GDP is perfectly stabilized, the net foreign
position is not constant.

The evolution of net exports is given by:

_ X; (1 — o)
e — €4 :A:E —
.t Gt—1 [Z4,] 1—a,x; 147 1+7r

Ab; Ab?
LU Aby o+ Ab;f,t] (25)

With the government rule of equation (24) we can get:

Xj (1= o) [bjes1 —bju
1—o5x; 147

€jt—€jt—1= A [jﬁf,t] — (1 - Oéij’)/j) — (bj’t — bj,tl):| (26)

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’
and g that are consistent with a martingale for government debt. The dynamic equations are
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o Algid] = 25 (M - Abjyt) + ﬁ (M Ab;?yt) + Al‘[ii’;]

1—ajx; 1+r 1+r

o (1-7) Al = =i (o (A |42 ] - Abya) + A [52] - A[L]) - AT +

e A [ ifrl] —A[b] = APhgie] + AT — 754 [y;.4]

Combining we get

XX _ 95X bjii1 7 1 h QX
(1+1 o jTj)A[yj’t]_ o (ALJ—H‘]_A[bj’t]>+1—anjA[Pj,tgjyt}Jr A

— X L—a;x; L —ajx;

A.6 Saver spending lemma with stochastic rates

A.6.1 Proof of Proposition 1

Savers solve the following problem:

t
max K, Ztgo B log (s,5,t)
s.t.
. Sl o o
Tsjet 1, = Sit T YUj

Sjt > —bjs

Let us integrate forward the budget constraint:

K

Ls,j,t+k Sa,t+K+1 _ Ujt+k
> & Sia + Z
k=0 ]tk jt,K+1 th

where the k-period ahead discount rate for £ > 1 from the savers’ perspective

Rjpr =1 +7rsie) - (1475 j04k)

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

- b; 54 b7
(1 =) Gje = ajx; (M - bj,t> —a; (1-Xx5) <jt+1 - Sj,t> T Tpet % -

T+7p5 L+7sjt Tg.j.t

Summing and rearranging the terms, we get
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l—uj

g
Jt

[T},¢]+ ? [_xJ;Z]
(27)




b; b; 1 b;
(1—aj) <y]t+ygt+1) _ Oéij( jtHl j,t+1+ 642 _bj,t>

Rjin L+rye  Rjen  Rjgal+reje4
1 85442 Tfe41
o 1_X, _3’,t+ 7 + T +
i 2 ( ’ Rijt11+4+7s 441 ht 1
g g g
L b e L b b,
T+rgje Rien  Rjsnl+rgjepn 7
Then define
1 + Ts.it
1— o= St
Pt L+
1 .
1 _ ¢q,j7t = + Ts,]vt
) 1 —+ Tg,j,t
to write
Uit+1 | Ujt+2 ®u,jt Db, t+1 1 bj 143
(1-«a )(y ¢+ +) = _Q‘X'<b',t+ bji+1 + bjtto — ’
" Rjn o Ry PRI Rya Riza 7" Rjpal+rujite
84,143 _ Tfi+1 | Tf2
+04‘(1—X‘) (5’,t_j) + 7 ,t+7+77
? AT Rys " Riin | Rjee
g
L9 Pagityg Dbty 1 b3 443

Jgt4+1 j,t+2
Rjia 7 Rji2 7 Rjt2147rg 142

) sl

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’
JXj bj, t+k
Rj,t,k Rmt,k i
S 1 aixib; bd
. (1 X )a it K41 X305, t+K+1 Gt K+1
J) &g
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
lim E, J,t+ K+ - 0
Kooo | Ry g 1+7g 04K
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The inter-temporal current account condition is

oo

o0 ~ —
Yjt+k g Lft+k
(I—a)E Y == = a; (1—x5)8jt—ajx;bjt—0bl, +E » ——
J kZ:O R J 3)8j iX50j .t kZ:o Rjk
_E, i QX Pbjt+k—1bj 4k + Py jrk—107 1y
Pt Rjt.k
Define - g
o —F X Pb,jttk—1bj 04k + Py jtrk—1b5
t=" Z R :
k=1 Jitk
The intertemporal budget constraint is then
Jhttk gtk
(1= ) By =225 = (1= ayxg) s — Xgaubse — b, +Ee ) ]{7 - P
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.6.2 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 (21) as

g
bj7t+1 — b9

, - 3 )
(1—ajx;)A [ Spttl sj,t] - A {p],tl“f,t} = a; ;A [ Sittl bj,t:| + A 1
j L+ pji '

1+Pj,t1*01j 1+,0j,t

or as

_ Tiy _
A (1= ayxg) sje01 — b 11 — xibjea] = pjs <1 _fa‘ + (1 — X)) sj,t — ajx;bje — b?,t)
J

We can write the change in disposable income as:

bY b
ety ]) -5 b )
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Using the first we get

u—a»A@Azﬂu—anA[%“4—wN}ﬁA[‘W‘”t]4Lw@Auﬂﬁﬁ+@¢—u—xﬂwwA+Amm]

L+ pjie L+pjel—a;
or
- B Sjt+1 _
(I—a;)Afge] = Bl—aj)A|=——| —(1—0y)Alsju] + Alzy,]
1 + Pj,t
= Pit Tft
or
- Sjt+1 _
(-0 Alis] = B0-a) 8|0 ] (1= a) Alsyl + Aoy
14 pje
Tft—1 T Pit Tyt
+(1—=8)pjt (1_% + (1 = ajx;) sji—1 — ajxzbje—1 — bjg'7t_1> - BA L*‘-jﬂ]tl—%}
Therefore we get
_ Sj,t+1 Azl
Al =B8A | =22 | — Als. il e E12 BTN O )

) = 08 [ 25 - Ay )+ T 0y

where

(1= 8) pie (552 + (1= ayng) siemn — agnbiems — by ) — BA [ 7225 22 |

].—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

Az
1-— Oéj

S
Aws,j,t = Asj,t + Agj,t - ﬁA |: g+l :| = + Qj,t

1+

which proves the Lemma.

B 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.
We had to 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
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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:

V. = Y; Nj./Ny
it =Yoo
Yo 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

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:

g
bg — ijt
=y

Jit

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

B;,
Xibjt = 7
Yt
The normalized data are given in figures 15 and16.
The debt accumulation equations are:
BY,
t+1 h
Thr Bl =25uGie + Tie = 734Yiee
7,
Therefore in terms of rebased series we have
Y',t+1 bg,t+1 h
= e bit =595t + Lt — TjeYjt

Y4 T+754

O g
Yt biivr  1g

Y. 1+7;¢ gt
If B;, is the observed aggregate household debt in the data, then the impatient budget constraint is :

Bji4+1 1 Yie | Tie  Xje Bj+

+(1— I 28
1+ 7p 56 XNV t41 ( it) Ni+  Nj¢  xNj:  xNjgy (28)

The key point here is that the contribution of new debt to purchasing power at time ¢ is

where X ; is the observed aggregate expenditure of the country.
To get the rebased version divide by Y; /N, ¢

41



bjr1 Yjey1 Nju
L+mpge Vie Njesa

+ (1= 750)yje + Tje = o5t + by, (29)

so that population growth also enters. The same applies for savers: x5 ;; = s+ + (1 — 7j¢) yj¢ + Tjr —

sje41 Yiey1 Ny
I+7se Vi Nietr”
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Figure 15: Normalized data for comparison with model: employment, unit labor costs, consumption and

GDP
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Figure 16: Normalized data for comparison with model: household and sovereign debt, govt. spending (adj.

for bank recap) and social transfers
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Figure 17: Normalized data for comparison with model: interest rates spreads
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