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1 Introduction

In Caballero, Farhi and Gourinchas (2008a), (2008b), we argued that the (so called) “global
imbalances” of the late 1990’s and early 2000’s (cf. Figure|l) were primarily the result of the
great diversity in the ability to produce (safe) stores of value around the world, and of the
mismatch between this ability and the local demands for these assets. (See the conclusion
of this introduction for a “tour of the world” from the perspective of these models and the
one in this paper).

Much has happened since then. Following the Subprime and European Sovereign Debt
crises, we entered a world of unprecedented low natural interest rates across the developed
world and in many emerging market economies. Figure [2[shows that global nominal interest
rates have remained at the Zero Lower Bound (ZLB) since 2009. With nominal rates so
low, the equilibrating mechanism we highlighted in our previous work has little space to
operate, since nominal interest rates are constrained by the ZLB. Yet the global mismatch
between local demand and local supply of stores of value remains. The goal of this paper is
to understand how this global mismatch plays out and shapes global economic outcomes, in
an environment of extremely low global equilibrium real interest rates. We address questions
such as: How do liquidity traps spread across the world? What is the role played by capital
flows and exchange rates in this process? What are the costs of being a reserve currency
in a global liquidity trap? How do differential inflation targets and degree of price rigidity
influence the distribution of the impact of a global liquidity trap? What is the role of (safe)
public debt and government spending in this environment?

Building on our previous work, we provide a stylized model to answer these questions. The
main mechanism in this model is that once real interest rates cannot play their equilibrium
role any longer, global output becomes the active margin: lower global output, by reducing
income and therefore asset demand, rebalances global asset markets. In this world, liquidity
traps emerge naturally and countries drag each other into them. Indeed, Figure 3| shows
that, following the financial crisis, unemployment rates have increased persistently across
most regions.

Our basic framework is a perpetual-youth overlapping generations model with nominal



% OF WORLD GDP
Asian Crisis Financial Crisis Eurozone Crisis

2550 \ \ /
150 I
0 i
i ol
0.50 i II II II =
S ELHTH ] i II|||I| i 11
12ul 11 | T

0.00

-0.50 | | == I

-1.00

-1.50 -
1

-2.00

-2.50
1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013

U.S. B European Union M Japan ¥ Oil Producers M Emerging Asia ex-China " China M Rest of the world

Note: The graph shows Current Account balances as a fraction of world GDP. We observe the build-up of global imbalances
in the early 2000s, until the financial crisis of 2008. Since then, global imbalances have receded but not disappeared. Notably,
deficits subsided in the U.S., and surpluses emerged in Europe.

Source: World Economic Outlook Database, April 2015 and Authors’ calculations. Oil Producers: Bahrain, Canada, Iran,
Iraq, Kuwait, Lybia, Mexico, Nigeria, Norway, Oman, Russia, Saudi Arabia, United Arab Emirates, Venezuela; Emerging Asia

ex-China: India, Indonesia, Korea, Malaysia, Philippines, Singapore, Taiwan, Thailand, Vietnam.

Figure 1: Global Imbalances

rigidities designed to highlight the heterogeneous relative demand for and supply of financial
assets across different regions of the world. Given the nominal rigidities, output is aggregate-
demand determined as soon as the global demand for financial assets exceeds their supply
at the ZLB. We study a stationary world in which all regions of the world share the same
preferences for home and foreign goods (i.e. there is no home bias) and financial markets
are fully integrated. This is an all-or-none world: Either all regions experience a permanent
liquidity trap, or none. However the relative severity of these traps varies depending on a
region’s capacity to produce financial assets and on the level of the exchange rate.

We characterize global imbalances in terms of a Metzler diagram in quantities, that con-
nects the size of the global liquidity trap and net foreign assets (and current accounts)
positions to the size of the liquidity traps that would prevail in each region under finan-

cial autarky. This is analogous to the analysis outside of a liquidity trap, where the world
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Figure 2: World Nominal Interest Rates

equilibrium real interest rates and net foreign assets (and current accounts) positions are
connected to the equilibrium real interest rate that would prevail in each region under au-
tarky. This analysis shows that when a region’s autarky liquidity trap is more (less) severe
than the global liquidity trap, that country is also a net creditor (debtor) and runs current
account surpluses (deficits) in the financially integrated environment, effectively exporting
its liquidity trap abroad. Other things equal, a country experiences a more severe liquid-
ity trap than average when its ability to produce financial assets is low relative to its own
demand for these assets. For the same reason, in this environment, a large country with
a severe asset shortage can pull the world economy into a global liquidity trap through its
downward pressure on world equilibrium interest rates.

But other things need not be equal. In particular, the benchmark model has a critical
degree of indeterminacy. This indeterminacy is related to the seminal result by Kareken
and Wallace (1981) that the nominal exchange rate is indeterminate in a world with pure
interest rate targets. This is de facto the case when the global economy is in a liquidity

trap, since both countries are at the ZLB. In our framework, however, this indeterminacy
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across the countries of the region, defined in Figure

Figure 3: Global Unemployment Rates

has substantive implications since money is not neutral. Different values of the nominal
exchange rate correspond to different values of the real exchange rate and therefore different
levels of output and the current account across countries. This means that, via expenditure
switching effects, the exchange rate affects the distribution of a global liquidity trap across
countries. This creates fertile grounds for “beggar-thy-neighbor” devaluations achieved by di-
rect interventions in exchange rate, stimulating output and improving the current account in
one country at the expense of the others. Thus, our model speaks to the debates surrounding
“currency wars”.

By the same token, the indeterminacy implies that if agents coordinate on an appreciated
home exchange rate, as could be the case, for example, for a reserve currency, then this
economy would experience a disproportionate share of the global liquidity trap. That is,
while outside of a global liquidity trap a reserve currency status is mostly a blessing as it
buys additional purchasing power, in a liquidity trap the reserve currency status exacerbates
the domestic liquidity trap.

Section [2] contains our baseline model in which prices are fully rigid. In Section 3| we

allow for milder forms of nominal rigidities by introducing Phillips curves, which can differ
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Figure 4: Global Exchanges Rates

across countries. As usual, inflation is important because higher expected inflation reduces
the impact of the (nominal) ZLB constraint. Our interest here is to study the interaction
between this mechanism and a global liquidity trap. In this setting, we show that if inflation
targets in all countries are high enough, then there exists an equilibrium with no liquidity
trap. But there is also an equilibrium with a global liquidity trap. In that equilibrium, wage
and price flexibility plays out differently across countries and at the global level: countries
with more price or wage flexibility bear a smaller share of the global recession than countries
with less price or wage flexibility; but at the global level, more downward price or wage
flexibility exacerbates the global recession. And finally, there is an asymmetric liquidity trap
equilibrium where only one country experiences a liquidity trap and a larger recession than
in the global liquidity trap equilibrium.

In Section [, we consider the role of public debt and fiscal policy. Our model is non-
Ricardian, which gives a role to debt policy. Additional debt issuance in one country can

potentially address the net shortage of assets and stimulate the economy in all countries,



alleviating a global liquidity trap. This also worsens the current account and the net foreign
asset position of the country issuing additional debt.

The effect of a balanced-budget increase in domestic government spending in one country
depends on the severity of nominal rigidities. When prices are perfectly rigid, it stimulates
domestic output more than one-for-one and stimulates foreign output, albeit less, and wors-
ens the domestic current account. When some price adjustment is possible, the short-run
increase in domestic and foreign output is even larger as increased government spending
raises inflation and reduces real interest rates, further stimulating output. Over time, how-
ever, increased government spending at home appreciates the domestic terms of trade, which
rebalances spending away from the domestic goods and toward foreign goods. The appreci-
ation of the domestic terms of trade reduces the effect on domestic output and increases the
effect on foreign output, but the overall effect on world output remains more than one-for-one
and further worsens the domestic current account and its net foreign asset position.

We also present in an Appendix several important extensions, which we briefly summa-
rize in Section [f| First, our baseline model features no home bias, and unitary elasticities
of substitutions between home and foreign goods. In Appendices and [A.2] we relax
these assumptions and find that home bias mitigates the effects of exchange rate movements
on economic activity, whereas larger trade elasticities magnify the effects of exchange rate
movements on economic activity.

Second, Appendix enriches the model by introducing credit-constrained borrowers
and savers. The tightness of credit constraints reflects a country’s financial development,
and can be affected by deleveraging shocks. Identifying borrowers with the young and savers
with the middle-aged and the old, the relative importance of borrowers and savers can be
used to capture a country’s demographics. These features can generate differences in each
country’s propensity to save and in asset demand across countries. Tighter credit constraints
(because of lower financial development or an asymmetric deleveraging shock), or a smaller
fraction of income accruing to borrowers (because of aging) in one country, depress world
interest rates, improves the current account balances of that country, and can send the global
economy into a liquidity trap.

Third, the benchmark model is one of a stationary environment with a permanent liquid-



ity trap as in the Secular Stagnation Hypothesis. In Appendices and we consider
the effect of expected transitions, either into a good state (recovery), or into a bad state
(fear). The recovery model allows us to discuss the role of expected exchange rate movements
and real interest rate differentials. For example, a country whose currency is expected to
appreciate upon realization of the shock will feature a lower interest rate before the realiza-
tion of the shock. This effect can be large enough to create an asymmetric liquidity trap
equilibrium by pushing the that country into a liquidity trap, but not the other country.

The fear model allows us to introduce the concept of a safe asset. We relax the risk
neutrality assumption of our baseline model by introducing Knightians (agents with a locally
infinite risk aversion) alongside with Neutrals (risk neutral agents). This allows us to refine
our view along three dimensions: (i) asset shortages are concentrated in safe assets, giving
a prominent role to a new dimension of financial development in the form of a country’s
capacity to securitize and tranche out safe claims; (ii) differences along this dimension offer
a possible rationalization of the ezorbitant privilege, whereby the country supplying more
safe assets runs a permanent negative Net Foreign Asset Position and a Current Account
deficit; and (iii) the presence of Knightians gives rise to an endogenous risk premium in
the Uncovered Interest Parity condition (UIP), leading to the possibility of an asymmetric
safety trap equilibrium with real interest rate differentials and another version of the reserve
currency parado.

Finally, our model speaks to the Secular Stagnation Hypothesis, and to the important
question of whether some but not all countries can be in a permanent liquidity equilibrium. In
our base model all countries are either in or out of a permanent liquidity trap since they face
the same real (and nominal) interest rate. By contrast, the model with inflation of Section
features asymmetric equilibria where some countries are in a permanent liquidity trap but
not others. While real interest rates are equated, countries that avoid the liquidity trap
manage to maintain a positive nominal interest rate. Finally, the fear model of Appendix
shows how, in the presence of home bias in preferences, real interest rates can differ
permanently across countries, allowing for some, but not all countries to be in a permanent
liquidity trap. Overall, our model elucidates the conditions under which it is possible for

some but not all countries to experience a secular stagnation equilibrium.



A brief model-based tour of the world. We wrap up this introduction by providing a
brief narrative of the evolution of global imbalances and global interest rates since the early
1990s through the lens of our model (cf. Figures[l|and[2), and of the role played by exchange
rates in these dynamics. We divide the period into two sub-periods, before and after the
onset of the 2008 Subprime crisis, when the ZLB starts binding in the U.S.

The first sub-period 1990-2008 was the focus of our earlier papers (Caballero et al.
(2008a), (2008b)). We refer the reader to these papers for a detailed account and only pro-
vide here a quick summary. This period saw the emergence of large current account deficits
in the U.S., offset by current accounts surpluses in Japan throughout the period, and, start-
ing at the end of the 1990s, by large surpluses in emerging Asia (in particular China), and
commodity producers. These “global imbalances ”"were accompanied by a global decline in
real interest rates. In our framework these developments emerged naturally as a consequence
of long-term structural factors—the high level of financial development in the U.S., the high
propensities to save in Japan and to a lesser extent Europe due in part due to population
aging, the gradual financial integration of countries with low financial development regions
(such as China), and shocks—the collapses in asset supply in the wake of the Japanese
financial crisis of the early 1990s and of the Asian financial crisis of 1997.

The second sub-period, 2008-2015, is the focus of this paper. During that period, the
U.S. current account deficit was halved, Japan’s current account surplus disappeared, Eu-
rope’s current account surplus increased substantially, and China’s current account deficit
was considerable reduced (see Figure[I). Global interest rates accelerated their decline and
eventually hit (and never left) the ZLB in the developed world. The U.S. and Europe expe-
rienced the largest recessions since the Great Depression (cf. Figure . In our framework,
these phenomena can be understood as the consequence of a combination of severe shocks
and large exchange rate swings.

The Subprime crisis and European Sovereign Debt crisis shocks triggered a sharp con-
traction in the supply of (safe) assets—U.S. “private label ”safe assets as well as European
Sovereign assets from crisis countries. They also triggered a surge in demand for safe assets,
as households and the financial sector in both regions attempted to de-leverage. Taken to-

gether, these shocks exacerbated the global shortage of safe assets, pushing interest rates to



the ZLB throughout the developed world, where they have remained since (Figure . They
also increased domestic net asset scarcity in the U.S. and Europe, resulting in the sharp
reduction in the U.S. current account deficit and the increase in European current account
surpluses in the wake of both crises]l]

In this new environment, the ultra-accommodating monetary policy of the U.S. achieved
initially a substantial depreciation of the dollar, especially against the yuan throughout the
period and against the yen until 2014. This depreciation contributed further to the reduction
of the current account surpluses of China and Japan. After this initial phase, the Bank of
Japan in 2013 and the European Central Bank in 2014 started to implement aggressive
expansionary monetary policies, leading to a sharp depreciation of the yen and the euro
against the dollar. The depreciation of these two currencies offset and began to shift back
onto the U.S. a significant share of the global adjustment burden, slowing down the prospects
of a normalization of U.S. monetary policy. In turn, the appreciation of the dollar, combined
with domestic developments, forced China in August 2015 to de-peg its currency in order
to mitigate the additional slowdown due to the imported appreciation. See Figure {4] for a
graphical illustration of these exchange rate swings . Although the expression “currency
wars ”was originally coined by emerging market policymakers in a different context, we use
it in this paper to capture the just described exchange rate trade-offs faced by economies
like the U.S., Japan, or the Eurozone at the ZLB, as well those of countries, like China, who
effectively peg their currency to the dollar.ﬂ

Finally, our framework helps us to understand the constraints faced by a regional reserve
currency issuer such as Switzerland, illustrating our “paradox of the reserve currency ”.

Confronted with a surge in the demand for its currency and deposits in the wake of the

'Some of the reduction in the U.S. current account deficits can also be attributed to the improvement in
its petroleum trade balance caused by the expansion of U.S. shale oil production and lower oil prices.

2The expression “currency wars ”was first used in 2010 by emerging market policymakers concerned with
the impact that ultra-accommodative monetary policy in the U.S. could have on capital flows. The original
concern was that a surge in capital inflows could trigger overheating in emerging markets. During that
time, developed economies were at the ZLB but not emerging market economies. Such an asymmetric trap
can occur in our model with exit and home bias (see Appendices and . Devaluations in developed
economies would then trigger capital inflows into emerging market economies. This would lower natural
interest rates and appreciate natural exchange rates in emerging market economies. The appropriate policy
response in emerging markets would be to mimic the drop in natural interest rates by lowering nominal
interest rates, mitigating but not eliminating the appreciation of their nominal exchange rates.
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European Sovereign Debt crisis, Switzerland either had to allow its currency to appreciate
at the risk of a recession, or to prevent its currency from appreciating. It chose the latter
by imposing a floor in the value of the euro in terms of Swiss francs, a highly contentious

policy (inside and outside of Switzerland), until it was abandoned in early 2015.

Related literature. Our paper is related to several strands of literature. First and most
closely related is the literature that identifies the shortage of assets, and especially of safe
assets, as a key macroeconomic driver of global interest rates and capital flows (see e.g.
Bernanke (2005), Caballero (2006), Caballero et al. (2008a) and (2008b), Caballero and Kr-
ishnamurthy (2009), Mendoza, Quadrini and Rios-Rull (2009), Caballero (2010), Bernanke,
Bertaut, DeMarco and Kamin (2011), and Barclays (2012)). In particular, Caballero et al.
(2008a) developed the idea that global imbalances originated in the superior development
of financial markets in developed economies, and in particular the U.S. This paper analyzes
how the same forces play out at when the world economy experiences ultra-low natural real
interest rates and is constrained by the Zero Lower Bound. In particular, it articulates how
adjustment now occurs through quantities (output) rather than prices (interest rates) and
the role of exchange rates in allocating a global slump across countries.

Second, there is by now an abundant literature on liquidity traps (see e.g. Keynes
(1936), Krugman (1998), Eggertsson and Woodford (2003), Christiano, Eichenbaum and
Rebelo (2011), Guerrieri and Lorenzoni (2011), Eggertsson and Krugman (2012), Werning
(2012), and Correia, Farhi, Nicolini and Teles (2013)). This literature emphasizes that the
binding Zero Lower Bound on nominal interest rates presents an important challenge for
macroeconomic stabilization. A subset of that literature considers the implications of a
liquidity trap in the open economy (see e.g. Svensson (2003), Jeanne (2009), Farhi and
Werning (2012), Cook and Devereux (2013a), (2013b) and (2014), Devereux and Yetman
(2014), Benigno and Romei (2014) and Erceg and Lindé (2014)). Our paper shares with
that literature the result that global liquidity traps can propagate across countries and have
significant international side effects. Cook and Devereux (2014) argue that the exchange rate
may exacerbate the impact of adverse shock when a country hits the liquidity trap, making

a fixed exchange rate more desirable. In their paper, flexible exchange rates remain desirable
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if the monetary authorities can implement credible forward guidance, a result reminiscent of
Svensson (2003) who argues that forward guidance allows for a faster exit from a liquidity
trap. Similarly, Benigno and Romei (2014) argues that movements in exchange rates in a
global liquidity trap may be inefficient from the perspective of the global planner. Jeanne
(2009), like us, finds that a negative shock in one country may be sufficient to push the
world economy into a global liquidity trap. In his model, fiscal policy and raising inflation
targets can help restore full employment. While many of these papers share similar themes
and mechanisms, our paper also elucidates the link between the size of the global liquidity
trap and Net Foreign Assets positions, with our Metzler diagram in quantities.

Third, there is an emerging literature on secular stagnation: the possibility of a perma-
nent zero lower bound situation (see e.g. Kocherlakota (2014), Eggertsson and Mehrotra
(2014), Caballero and Farhi (2015)). Like us, these papers use an OLG structure with a zero
lower bound and nominal rigidities, but in a closed economy. Our contribution is to explore
the open economy dimension of the secular stagnation hypothesis. From this perspective,
the paper closest to ours is Eggertsson, Mehrotra, Singh and Summers (2015) which finds
that exchange rates have powerful effects when the economy is in a global liquidity trap.
Complementary to ours, their paper explores the role of capital controls and the gains from
international coordination. Our paper emphasizes other methodological and substantive di-
mensions, such as the Metzler diagram in quantities, the reserve currency paradox, and the

interaction between the safety premium and the liquidity trap.

2 A Model of the Diffusion of Liquidity Traps

In this section we introduce our baseline model and main analytical tool (which we label
the Metzler Diagram in Quantities). We use these to illustrate how countries are pulled into
and out of liquidity traps by capital flows, and to show how a depreciation shifts the burden

of absorbing a global liquidity trap onto others.
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2.1 Model

Time is continuous. There are two countries, Home and Foreign. Home variables are denoted
without stars and foreign variables are denoted with stars. We first describe Home, and then

move on to Foreign.

Demographics. Population is constant and normalized to one. Agents are born and die
at hazard rate 6, independent across agents. Each dying agent is instantaneously replaced
by a newborn. Therefore, in an interval dt, Odt agents die and 6dt agents are born, leaving

total population unchanged.

Preferences. We assume that agents only have an opportunity to consume when they
die and we denote their consumption by ¢;. We denote by 75 the stopping time for the
idiosyncratic Poisson process controlling death for the agent under consideration.

Agents value home and foreign goods according to a Cobb Douglas aggregate, are risk
neutral over short time intervals and do not discount the future. More precisely, for a given
stochastic consumption process of home and foreign goods {cp+, cpt} which is measurable
with respect to the information available at date t, we define the utility U; of a an agent

alive at date with the following stochastic differential equation

U= 1{t—dt§79<t}0}2,t0}7 + 1{t§Tg}Et[Ut+dt]7

where we use the notation E,[U; 4] to denote the expectation of U4 conditional on the
information available at date t.

Note that the information at date ¢ contains the information about the realization of the
idiosyncratic Poisson shocks up to ¢, implying that 1_g<7,<;4 and cgy and cpy are known at
date t. Similarly, the conditional expectation E; is an expectation over idiosyncratic Poisson
death shocks.

We assume that there is no home bias and that the share v of home consumption expen-
diture in total consumption expenditure is equal to the share of potential output of home

goods in total output: v = x, where x = X;/(X; + X;) where X; (resp. X;) denotes home

13



(resp. foreign) potential output.

Nominal rigidities, potential output and actual output. In an interval dt, potential
output of the home good is given by X,dt, where X; grows at rate g.

We assume that the prices of home goods are rigid in the home currency and normalize
them to one: Py, = 1. For this reason, actual output .X;dt is demand determined and
might be lower than potential output X,dt if the economy is in a liquidity trap, where
0 < & < 1 denote capacity utilization or the output gap, defined as the ratio of output to

potential output.

Private incomes and assets. Output has two components: income of newborns and a
financial income. In the interval dt, newly born agents receive income (1 — §)&X;dt. The
remainder, 6§, X;dt, is distributed as financial income. This financial income can be capital-
ized into home Lucas trees that can be traded between agents. Thus, 0&; X;dt represents the
dividends on the stock of these home Lucas trees.

The capitalization of financial income into financial assets is imperfect: with independent
and instantaneous probability p each tree dies and the corresponding stream of dividends is
transferred to a new tree, endowed to newborns. This can be interpreted as a consequence
of a process of creative-destruction, whereby technological innovations render older tech-
nologies and the associated dividend claims obsolete, or as a form of weak property rights
that transfers without compensation claims on future output from old generations to new
generations. While this creative destruction induces a risk premium on the return on each
tree, in equilibrium we shall see that it depresses the risk-free rate.

We assume that the stock of trees grows at rate g to accommodate growth in potential
output. All new trees are endowed to newborns. We think of the fraction ¢ of potential
output that is capitalized by financial assets as the financial capacity of the home country.
It is effectively the ability of the home country to produce financial assets out of potential

output.

Public debt. There is a home government that issues short-term public debt D;, which it

services by levying taxes 7; on the income (1 —9)& X, of newborns. Taxes reduce the income

14



of newborns to (1 — §)(1 — ;)& X;. We denote by d;, = D,/ X; Home’s debt to output ratio.

The assumption that taxes are levied on the income of newborns is important. It ensures
that public debt reduces the excess demand for assets. This occurs both by increasing the
net supply of assets since public debt does not crowd out private assets, and by decreasing
the demand for assets, since taxes reduce the income of newborns. These effects remain as
long as taxes do not fall entirely on financial income. But if taxes were levyied entirely on
financial income, then the environment would become Ricardian with respect to debt policy,
despite the fact that there are overlapping generations: public debt would crowd out private

assets one-for-one.

Monetary policy. We assume that home monetary policy follows a truncated Taylor rule

iy = max{r; — (1 —&),0}.

In this equation, r}" is the relevant natural interest rate at Home, which depends on whether
we are analyzing the equilibrium with financial integration or with financial autarky. We
take ¢ > 0, and for simplicity, we place ourselves in the limit of very reactive Taylor rules
1) — oo. This specification of monetary policy guarantees that we either have & = 1 and

it>0,0r§t§1ifit:0.

Foreign. Foreign is identical to Home except possibly in three aspects. First, potential
output of the foreign good is given by X;, which also grows at rate g. Second, the financial
capacity of the foreign country is given by §*F| Third, public debt in the foreign country is
given by Dj, the debt to output ratio by dj, and taxes by 7. Fourth, Foreign has its own

currency and the prices of foreign goods are sticky in this currency. We normalize the price

3To a large extent, differences in propensity to consume @ play a similar role as differences in financial
development § in determining capital flows and interest rates, but the expressions of the model become more
cumbersome when we introduce heterogeneity in 6. For this reason, we capture differences in #6 (an inverse
index of country-specific asset shortage) only through differences in § in the benchmark model. We refer the
reader to Appendix where we introduce an alternative model featuring within country heterogeneity
between borrowers and savers, which generates differences in propensity to save and consume across countries,
driven by demographics (identifying borrowers with the young and savers with the middle-aged and the old)
or credit markets (captured by the tightness of borrowing constraints). The model remains tractable and
yields similar qualitative insights to the baseline model.
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of the Foreign good to one in the foreign currency: Pr, = 1.

Wealth, asset values, interest rates, exchange rates, and output gaps. We denote
by E; the exchange rate between the home and the foreign currency, defined as the home
price of the foreign currency, so that an increase in E represents a depreciation of the
home currency; i; and ¢; the home and foreign nominal interest rates, which because of our
assumptions regarding nominal rigidities, are equal to the home and foreign real interest rates
r, and r;; Wy and W) the total wealth of home and foreign households in their respective
currencies; and V; and V;* the total value of home and foreign private assets (Lucas trees)
in their respective currencies, so that the total value of home and foreign private and public

assets in their respective currencies are V; + D; and V;* 4+ Dy.

Roadmap. We start with the simple observation that under financial integration, Uncov-

ered Interest Parity (UIP) holds between Home and Foreign:

We focus on steady state balanced growth paths in the benchmark model and with some
abuse of notation, we drop the time subscripts. In a steady state, the exchange rate is
constant at E, and the home and foreign interest rates are necessarily equal to each other:
i =1 =1 and r = r* = r* with ¢* = r* since prices (and wages) are constant. This
implies that under the maintained assumption of financial integration, either no country is
in a liquidity trap ¢ = " > 0, or all countries are in a liquidity trap i = r* = 0, although,

as we shall see, the severity of each country’s liquidity trap depends on the exchange rate E.

2.2 No Liquidity Trap

Outside of a liquidity trap, we have r = r* = r" > 0 and ¢ = £* = 1. We take the latter as
given and solve for the equilibrium r* and E. This section illustrates in detail the steps we
follow in finding equilibrium in this class of models, which are then repeated more succinctly

in the more complex extensions found later in the paper.
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Equilibrium equations. The equilibrium equations are as follows. First, there are the
asset pricing equations for home and foreign Lucas’ trees, taking into account depreciation

(creative destruction):

rV = —pV 4+ 46X, (la)
POV = —pV + 6° X7, (1b)

Consider equation . The return on home Lucas trees has two components: a dividend
yield . X/V, and a capital loss associated with the depreciation of existing trees, —p. By
arbitrage, this return should be equal to the global risk-free rate r*. Equation follows.
A similar argument yields equation .

The second set of equations characterizes the evolution of home and foreign financial

wealth:

gW = =W + (1 =8)(1 = 7)X + W + (p + 9)V, (2a)
gW* = —OW* + (1 — 6*)(1 — 7)X* + r*W* + (p+ g)V*. (2b)

Along the balanced growth path, home and foreign wealth grow at rate g. This change in
wealth is composed of three terms. First, labor income (1 — )X is earned and consumption
OW is subtracted; Second, wealth earns a risk-free return r*; Third, new trees with an
aggregate value (p + ¢g)V, accounting both for creative destruction and growth of potential
output, are endowed to newborns. The third set of equations characterizes the government

budget constraints:

(r“—g)D = 7(1-0)X, (3a)
(r*—g)D* = 7" (1—-0")X". (3b)

Note that positive taxes are required to sustain positive debt when the economy is dynami-
cally efficient with r > ¢ but that when the economy is dynamically inefficient with r* < g,

positive debt is associated with tax rebates. We will return to this important observation
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when we consider the use of public debt as a stimulus.

Lastly, the home and foreign goods market clearing conditions are:

VO(W + EW*) = X, (4a)
(1= 7)0(W + EW*) = EX*. (4b)

The asset market clearing condition
(V+D)+EV*+D")=W4+ EW*
can be omitted since it is redundant by Walras’ 