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The last twenty five years can be broadly described as a period of falling interest rates, rising
financial integration and frequent credit booms and busts. Figure 1 plots the evolution of the real
interest rate and of the share of countries experiencing a credit boom between 1990 and 2012. As
the figure shows, the real interest rate has fallen progressively and has become negative towards
the end of the sample; the share of countries experiencing a credit boom, in the meantime, has
increased over time. In the run-up to the financial crisis of 2008, almost 30% of the world’s countries
were experiencing a credit boom. Figure 2 plots the international financial integration (IFI) index,
defined as the sum of a country’s foreign assets and liabilities as a share of GDP: both the top panel,
which depicts the evolution of the IFI for advanced economies, and the bottom panel, which depicts
the IFI for emerging economies, reflect a substantial increase in financial integration between 1990
and 2012.

It is tempting to view these three stylized facts as part of a general narrative, in which greater
financial integration, low and declining interest rates and frequent credit booms (and busts) are
different aspects of the same phenomenon. This is exactly the view that many espoused in the
aftermath of the 2008 financial crisis, when it was widely argued that low interest rates in advanced
economies, which resulted from excessive capital inflows, relaxed lending standards and fueled the
credit boom that would eventually give rise to the crisis.! Although appealing, this narrative raises
a number of questions. What generates these low interest rates? Why should they give rise to credit
booms and busts, as opposed to a permanent rise in credit? What are the welfare implications of
such low interest rates? Is there a role for policy intervention and, if so, for policy coordination
across countries? This paper provides an analytical framework to address these questions.

We build on the closed-economy model of credit bubbles in Martin and Ventura (2014). Our goal
now is to study the international transmission of these credit bubbles and the trole of international
policy coordination. To do this, we develop a two-country model of the world economy, each of which
produces a differentiated input that is used to produce both consumption and investment goods.
Each country is populated by entrepreneurs, who can invest productively in capital accumulation,
and savers, who cannot. In principle, entrepreneurs could borrow resources from savers in the
credit market. We assume that there are weak enforcement institutions, however, which prevent
entrepreneurs from pledging their output to savers. This limits the amount of credit in equilibrium,
reducing the international interest rate and world savings. As in much of the recent literature,

therefore, it is financial frictions that lead to low interest rates in our model: they essentially

'See, for example, Bernanke (2009a), The Economist (2009), Krugman (2009) and Portes (2009).



constrain the supply of assets by limiting entrepreneurial borrowing (e.g. Caballero et al. 2008).
Using this framework as a benchmark, we make two key innovations.

First, we provide a simple characterization of the interaction between low interest rates, financial
integration, and credit booms and busts. When a bubble appears in a given country, it enables
its entrepreneurs to expand their borrowing beyond the output that can be pledged. In this sense,
bubbles have a crowding-in effect, raising entrepreneurial demand for credit and thus the world
interest rate, net capital inflows, investment and growth. As usual in this class of models, though,
bubbles have a crowding-out effect as well, because at any point in time they make it necessary
to divert resources away from investment and use them to pay for the higher credit that has been
granted in the past. From a global perspective, the bubble that maximizes long-term welfare is the
one that optimally trades-off these two effects.

Second, we show that credit bubbles transmit themselves through two channels. The first one
works through the interest rate and constitutes a negative spillover. A credit boom in one country
attracts capital from the rest of the world by raising the world interest rate. The rest of the world
experiences a capital outflow that lowers investment and growth. The second one works through
the terms of trade, and it constitutes a negative spillover in the short run and a positive spillover
in the long run. A credit boom in one country raises both the demand and the supply of goods
produced by that country. In the short run, before supply has had time to adjust, the demand
effect dominates and the credit boom therefore leads to an improvement in the terms of trade and
a real appreciation. In this sense, our model reflects a concern that has been repeatedly voiced by
policy makers across emerging markets during the last few years, as their countries simultaneously
experienced increases in asset prices, capital inflows and large real appreciations. In the long run,
though, it is the supply effect that dominates and the credit boom thus leads to a decline in the
terms of trade and a real depreciation.

Even though some bubbles are more desirable than others for the world economy, nothing
guarantees that they will materialize in equilibrium. In fact, an essential feature of bubbles is
that they are driven by investor sentiment or market expectations. Their value today depends
on market expectations about their value tomorrow, which in turn depends on tomorrow’s market
expectations about their value on the day after, and so on. Because of this, the bubble provided
by the market may be either too small or too large, or it may be suboptimally distributed across
countries. It may, moreover, fluctuate over time as expectations change. Thus, a bubble may

appear in a country and lead to capital inflows, and a credit and investment boom. When the



bubble bursts, however, the logic is reversed: capital leaves the country, there is a credit bust and
investment and output contract.

This leads us to analyze the role of policy in this world. We allow countries to tax and subsidize
credit contracted by their own citizens. First, we study the cooperative equilibrium in which
countries choose policies in a coordinated fashion so as to maximize the sum of utilities of all
individuals. We show that a this equilibrium replicates the optimal bubble allocation by adopting
a policy of “leaning against investor sentiment”, taxing credit where the bubble is inefficiently large
and subsidizing it elsewhere. This policy is what we call expectationally robust, in the sense that
it stabilizes investment, output and consumption and insulates them from fluctuations in investor
sentiment.

Although the cooperative solution provides a useful benchmark, it is not a very realistic descrip-
tion of the real world. Thus, we also analyze a noncooperative equilibrium in which policy solves
a Nash problem between the two governments. Since the latter do not take into account policy
externalities, the noncooperative equilibrium is in general suboptimal. If the interest-rate spillover
is strong and the terms-of-trade spillover is weak, we find that countries tend to subsidize credit
too much and the world economy generates excessive credit. If instead the interest-rate spillover
is weak and the temrs-of-trade spillover is strong, countries tend to tax credit too much and the
world economy generates insufficient credit.

Our paper is closely related to three strands of literature. To begin with, it builds on the notion
that financial frictions are important determinants of the size and direction of capital flows. This
is related to Gertler and Rogoff (1990), Boyd and Smith (1997), Matsuyama (2004) and Aoki et al.
(2010), all of which argued that contracting frictions can generate capital outflows even in capital
scarce or high-productivity economies. Recently, similar models have been developed to account
for global imbalances and low international interest rates. In Caballero et al. (2008), for example,
high-growing developing economies may experience capital outflows due to pledgeability constraints
that restrict their supply of financial assets. In Mendoza et al. (2007), it is instead the lack of
insurance markets in developing economies that fosters precautionary savings and the consequent
capital outflows.

The major distinction between our work and this literature is that we show how the low interest
rates brought about by financial frictions may give rise to asset bubbles. As such, we are also close
to the recent research on bubbles and financial frictions, including Farhi and Tirole (2011), Miao

and Wang (2011), and our own previous work (Martin and Ventura (2012, 2014)). Of this literature,



we are closest in interest and focus to the branch that has extended the analysis to open economies,
including Caballero and Krishnamurthy (2006), Ventura (2011), and Basco (2014). Our work is
different from these papers in that it deals with large economies, in its focus on the link between
asset bubbles and credit booms and busts, and on the study of cooperative and non-cooperative
policy responses.

Finally, our paper is also related to the large body of research that studies fluctuations in credit.
On the empirical front, this research has sought to. Some examples of this work are Ruckes (2004),
Dell’Ariccia and Marquez (2006), Matsuyama (2007), Gorton and He (2008) and Martin (2008).
Like us, these papers model fluctuations in credit. Unlike us, though, these papers emphasize the
role of regulation or the incentives in generating and magnifying fluctuations in credit. We take
instead a macroeconomic perspective and argue that low interest create the conditions for asset
bubbles to arise, which may themselves give rise to credit booms and busts.

The rest of the paper is structured as follows. Sections 1 develops a symmetric two-country
model with bubbles. Sections 2 explores bubbly equilibria in low interest rate environments and
studies the implications of bubbles for capital flows, investment, output and the terms of trade.
Section 3 characterizes the optimal bubble and shows how to implement it with policy. Section 4
analyzes non-cooperative policymaking and shows how it may lead to excessive credit. Section 5

concludes.

1 A two-country model of credit bubbles

This section presents a two-country model of credit bubbles that builds on the closed-economy
model developed by Martin and Ventura (2014). The centerpiece of this model is a credit friction
that limits the amount of collateral in the economy. As a result, the demand for credit is low and
both the interest rate and investment are depressed. This creates the conditions for the economy
to experience bubble-driven credit booms and busts. Extending this framework to a two-country

world allows us to study how these booms and busts propagate across countries.

1.1 The Model

We consider a world economy with two countries, Home and Foreign. Time is discrete and infinite,
t =0,...,00. The world is populated by two-period overlapping generations that are equally sized

and evenly distributed across countries. Each country produces one differentiated input using two



factors of production, labor and capital. Inputs are traded, but factor services are not. Inputs are
combined to produce final goods. Since these goods have a common price in both countries, we use
them as the numeraire. The world also contains trees that have no role in production but are used
as a store of value. These trees are pure bubbles and we often refer to them as such.

Each generation contains a fraction ¢ of entrepreneurs and a fraction 1 — ¢ of savers. Both of
them maximize the expected consumption of final goods in their old age. This choice of preferences
simplifies the analysis substantially. First, it makes the savings decision trivial as individuals save
any income they have when young. Second, it simplifies the portfolio decision since individuals are
risk-neutral and choose the portfolio that offers the highest expected return in terms of final goods.

Savers supply one unit of labor when young and earn a wage w; and w; in Home and Foreign,
respectively. As usual, we use asterisks to denote the corresponding Foreign variable. Savers have
two options for their savings: to store consumption goods or to purchase credit contracts. Storage of
consumption goods yields a gross safe return of p < 1. Credit contracts offer a, possibly contingent,
interest rate. We refer to the expected return to credit contracts, R;i1, as the interest rate.
Maximization generates a simple portfolio rule. If R;1 > p, savers only purchase credit contracts.
If Ry+1 < p, savers only store goods. If Ry41 = p, savers are indifferent between purchasing credit
contracts or storing goods.

Entrepreneurs also supply one unit of labor when young and earn a wage. Unlike savers, they
have the option of owning capital and trees. Let ¢; and g be the cost of capital in Home and

Foreign. Capital earns a rental r; and r; for one period and then depreciates. Thus, the gross
r T}
1 ond ttl‘
qt a;
Foreign. Some trees are old since they were planted by previous generations. Some trees are new

return to investment is Let b, and bf denote the value all trees in Home and

since they are planted by the current generation. Thus,

biy1 = G- be +nepr and by = Giq - b gy (1)

where Gyy1 and G7,; denote the growth in the value of old trees, and n4y1 and ny,  is the value
of new trees. Free disposal implies that n; > 0 and ny > 0. We refer to ny11 and nj,; as bubble-
creation shocks.

Entrepreneurs sell credit contracts to finance additional holdings of capital and trees. These
contracts must be collateralized, that is, they must be backed by credible promises of future pay-

ments. This brings us to the only friction that we consider in this paper: weak institutions limit the



amount of available collateral. In particular, we assume that entrepreneurs can hide their rental
income from enforcement institutions and, as a result, they cannot pledge it to their creditors.?

This implies the following credit or collateral constraint:
Ripr fr <ben and Ry - ff < by (2)

where Rtﬂand Rf 1 are the contingent interest rates offered by Home and Foreign entrepreneurs;
and f; and f; are the amounts of credit obtained. Equation (2) simply states that promised
payments cannot exceed the value of the trees owned by old entrepreneurs.

Throughout, we focus on the case in which the expected return to investment exceeds the

interest rate in both countries. Thus, credit is maximized and the collateral constraint is binding

Ewb
in all possible continuations of the economy. Entrepreneurs achieve this by setting f; = éitﬂ and
t+1
> o bt+1 . * Etb;tk_t,_l A o b;tk+1 . . .. .
Ri11 = —— in Home, and f; = and R}, ; = — - in Foreign. This implies that:
ft Ry fi
Eb Eb;
G kb =cw+ — and gk + 0 = wf + —H (3)
t+1 Ry

*

since fy = q¢ - ki1 + by —e-we and ff = qf - ky +b0f —e-wy.

Individuals interact both in markets and within firms and these interactions determine all
relevant prices. Consider first the market for trees. Maximization imposes the following restrictions
on tree prices:

Giy1 = Rep1 tun and Gy = Rer +ujy4 (4)

where Fyuip1 = Eyupy = 0. We refer to uzy1 and uy,; as bubble-return shocks. To understand
Equation (4), recall that entrepreneurs finance the purchase of trees by selling credit contracts.
Note also that the return to holding trees equals the growth in their price. If the expected return
to holding trees falls short of the interest rate, young entrepreneurs make a loss when they sell credit
contracts to purchase trees and the demand for trees is zero. If the expected return to holding trees
exceeds the interest rate, young entrepreneurs make a profit when they borrow to purchase trees
and the demand for trees is unbounded. Thus, equilibrium requires that the expected return to
holding trees equals the interest rate.

Consider next the credit market. Combining the supply of credit by savers with the demand

2This is obviously an extreme assumption. In Martin and Ventura (2014) we assumed instead that entrepreneurs
can pledge a fraction ¢ of their rental income. We focus here on the case ¢ = 0 to simplify the algebra.



for credit from entrepreneurs we obtain the equilibrium interest rate:

()

Ey {biy1+bj 1}
R p—
t+1 = max {pa (1 — E) ] (wt T w;‘)

Equation (5) is quite intuitive and it plays a crucial role in what follows. The economy’s collateral
is By {bi11 +bj 4 }. If collateral is low, the demand for credit is low. Only a fraction of the labor
income is used to purchase credit contracts and the interest rate equals p. When this is the case,
we say that there is partial intermediation since there are some savings that are not transferred
to entrepreneurs. If collateral is high, the demand for credit is high. All labor income is used to
purchase credit contracts and the interest rate exceeds p. When this is the case, we say that there
is full intermediation since all savings are transferred to entrepreneurs.

Consider next firms, which are assumed to be competitive. To produce inputs, firms combine

labor and capital using standard Cobb-Douglas technologies:
ye =14k and yp =10k (6)

with a € [0, 1]; where I; and [} are the labor force in Home and Foreign. Since we have assumed
already that the young have one unit of labor in each country, l; = Ij = 1. Then, maximization

implies that factors are paid the value of their marginal products:
we=pi-(1—a) k¥ and wi=pf (1—a) k“ (7)

re=pi-a- kXt and rf =pf-a- k! (8)

where p; and pj are the prices of the Home and Foreign input.
To produce final goods, firms combine Home and Foreign inputs. Competition ensures that
price equals cost;:

1
1= (05-p 7+ 055, 77) 9)

with v € (0,00). Equation (9) says that the price of final goods (which is one since we use these
goods as the numeraire) equals the cost of producing them. The cost function is CES, it is symmetric
on both inputs, and it has an elasticity of substitution equal to . Shepard’s lemma implies that
the demand for Home and Foreign inputs by final goods producers are given by 0.5 - p, ” - z; and

0.5-p; 7 - x4, where z; is the total production of final goods.



To produce capital, firms combine final goods and the domestic input. The assumption that
investment requires the input produced domestically introduces a home bias in spending that will

play a role later. Once again, competition implies that price equals cost:
g =p; and g =p;” (10)

with 8 € [0,1]. Equation (10) says that the price of capital equals the cost of producing it. The
cost function is Cobb-Douglas with a share of domestic inputs equal to 8. Shepard’s lemma implies
that the demands for Home and Foreign inputs by producers of capital are given by [ - pf -1 ki1
and f3 -pzﬁfl ki

Consider finally the market for inputs. As usual, we obtain prices by imposing that supplies
equal demands. In the market for Home inputs this requires that y, = 0.5-p; " -z + 3 pf -1 Kga1.
In the market for Foreign inputs this requires that yf =0.5-p; - x;+ 3+ pfﬁ -L. ky, ;. Combining

these two conditions, we obtain:

R —Bep) ke <p>
k?a_ﬂ'p:ﬂ_l' 1 Py

This completes the description of the model.

1.2 Equilibrium dynamics

To construct equilibria for this economy, we propose first a joint stochastic process for bubble
return and creation shocks: {n;,ny,us, uf} for all . Naturally, this bubble process must be such
that Eyug1 = Eyuy ;= 0, ng > 0 and ny > 0 for all £. With this stochastic process at hand, we
determine all possible sequences for the state variables {k, k}, b, b; } from a given initial condition

using the following set of equations:

2=p, " +p; " -
kg = Bp) " ke _ <pf> o (13)
kfo‘—ﬁ-pi‘ﬁ’l' 1 Pi
Ey{nyy1+nj,}
_ 14
Ripy max{p, (I—e)-(1—a) (p k& +p; ko) — b — b "

_ _ Ein 1
ki1 =p 5'5'(1*04)‘k?+}7tﬁ'%
t+1



*
0 Einiy

ki =pp e (Lma) kit 4 pr (16)
biy1 = (Riq1 + upgr) - by + nyp (17)
b1 = (Rer1 +uipq) - b + 074 (18)

If all the sequences generated in this way are such that k& > 0, kf > 0, by > 0 and b; > 0 for all ¢,
we say that the proposed bubble process is an equilibrium. Otherwise, we say that the proposed
bubble process is not an equilibrium.

Bubbly equilibria are possible if the interest rate is below the growth rate. Since this economy
exhibits no growth, this requires that the interest rate be less than one.? Traditional models of
rational bubbles generate low interest rates by assuming that investment is dynamically inefficient.
That is, these models assume that the interest rate equals the return to investment, and then focus
on environments in which the return to investment is below the growth rate. Here we do not follow
this path. Instead, we generate low interest rates by assuming financial frictions. That is, we
assume that insufficient collateral depresses the interest rate below the growth rate, and then focus
on environments in which the return to investment is above the growth rate.

To evaluate welfare in these equilibria is not straightforward since there are infinitely many
generations and each of them contains four different types. The welfare of the savers of generation
t is given by:

Usy = Rip1-wy and Ugy = Ryyq - wy (19)

in Home and Foreign; while the welfare of the entrepreneurs of generation ¢ is given by
Ugt = e L. ree1 - kpe1 and Uat =1 riy ki (20)

Some equilibria Pareto dominate others and this allows us to rank them. But some equilibria are
better for some individuals and worse for others. In this case, we cannot rank them.

Once the bubble process has been specified, the world economy is a complete dynamical
system and Equations (12)-(18) constitute its law of motion. From a given state initial state
{ko, k§, bo, b5}, Equations (12)-(18) allow us to obtain the following state {ki, k], b1,b7}. Before

drawing {n1,n},u1,uj}, Equations (12)-(16) determine the price of the two inputs, the interest

3Once again, this is an extreme assumption that helps simplify the algebra. In Martin and Ventura (2014) we
consider the case in which the economy exibits sustained growth.



rate and the capital stocks next period. After drawing {ni,n},u;,u}}, Equations (17)-(18) deter-
mine the bubbles next period. We can then start the process again using {k1, k7, b1,b]} as the
initial state to obtain {kg, k3, be,b5}. By repeating this procedure again and again, we find the

dynamics of the world economy and determine its properties.

2 Dynamics of credit booms and busts

The world economy developed in the previous section can experience bubble-driven credit booms
and busts. In this section, we construct simple equilibria that clarify how these booms and busts
work and how their effects are transmitted across borders. These equilibria have been designed
to illustrate specific points and they do not to replicate the complex and unpredictable behavior
of credit and asset prices observed in real economies. This makes them look somewhat artificial.
To remove any temptation to think that all equilibria are so simple, we end the section construct-
ing some equilibria in which credit and tree prices exhibit a high degree of unpredictability and

complexity.

2.1 The bubbleless economy

A natural benchmark to keep in mind when going through this section is the bubbleless equilibrium,
in which {n¢,n},u;, uf} = {0,0,0,0} for all ¢ and by = b = 0. In this equilibrium, trees have no
value so that there is no collateral to sustain credit. Entrepreneurs can only invest their own wages

while savers fully store theirs. The world economy converges to a steady state in which:

1

E=k"=-(1—a)te (21)
R=p (22)
p=p-=1 (23)

Equations (21)-(23) fully characterize the bubbleless steady state. Because there is no credit, the
capital stock and output depend only on the wages of entrepreneurs, and the interest rate equals
the return to storage p. Moreover, because the steady-state is symmetric and output is equalized
across countries, the prices of the Home and Foreign inputs are both equal to one.

As mentioned before, we focus on environments in which the the interest rate is below the

10



growth rate, while the return to investment is above it:

r r*
p=R<l<-=—=—7 "
q q e-(1—a)

- (24)
Since the economy is stationary, this requires that p < 1 (which we have assumed already) and that
o> li—l—e (which we assume from now on). The first inequality creates the conditions for bubbly
equilibria to exist. The second inequality ensures that investment is dynamically efficient. To see
the latter, note that in each period investment equals the wages of entrepreneurs, which represent a
fraction e - (1 — «) of output. The return to this investment is the economy’s capital income, which
represents a fraction a of output. Thus, the ratio in Equation (24) represents the rate of return to

investment in steady state, which we assume is larger than one.

2.2 Global credit bubbles

We characterize now equilibria with global credit bubbles, which are equally distributed between
Home and Foreign. The simplest way to do so is to assume that there are no bubble shocks, so

that uy = uy = 0, while bubble creation is a fixed fraction 7 of income in both countries:

nepr =n-pe- kit oand  npy =n-pp - kY (25)

In this equilibria, collateral and credit represent a fraction of world income. We can think
t+1

of n as the size of the bubble. From any valid initial condition, the world economy converges to a

steady state in which:

k:k*:{a-(l—a)—l—%]m (26)
R = max {p,0.5— \/0.25— = 7(1_a)} (27)
p=p" =1 (28)

Equations (26)-(28) characterize the steady state of the world economy. Figure 3 depicts the
steady-state values of the model’s main endogenous variables as a function of 7. The latter and the
associated bubble it generates are shown in Panels A and D.

Panels B and C show the capital stock and storage. At low values of 7,* the steady state

is in the partial intermediation region. Collateral is scarce and storage is used. In this range,

*In particular, n < (1—p)-p-(1—¢)- (1 — ).
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increases in 7 expand the global stock of collateral and raise investment, output and consumption.
At high values of 7, the world economy enters the full intermediation region. Collateral is now
abundant and storage is no longer used. In this range, increases in 7 raise the interest rate more
than proportionally and reduce the global stock of collateral, thereby contracting investment and
output.

Panels E and F show that the rate of return on investment is always higher than the interest
rate, which is a direct consequence of the binding credit constraint. Note, however, that this gap
is reduced whenever bubble creation raises the global economy’s stock of collateral. Also note
that, because the equilibrium is symmetric, input prices equal one in Panel G. This is why output
in Panel H output follows almost one-to-one the capital stock. Symmetry also explains why the
current account is zero in Panel 1.7

Finally, panels J and K depict the welfare of savers and entrepreneurs. Whereas the welfare of
entrepreneurs rises and falls with the capital stock, the welfare of savers is monotonically increasing
in 1. The reason is that, in the full intermediation region, bubble creation has two distinct effects on
the welfare of savers: it lowers the steady-state stock of capital (and thus wages and savings) but it
raises the steady-state interest rate (and thus the return on these savings). In our parametrization,
this last effect dominates and the welfare of savers is increasing in 7.

This example with a constant and global bubble illustrates the effects of bubble creation in our
model, but it does not generate credit booms and busts. To create this type of episodes we next
introduce global shocks to expectations or investor sentiment, which affect either bubble creation
or bubble returns. For theoretical clarity, we analyze each of these two alternatives separately.

We consider first bubble creation shocks. In particular, assume that:

N1 = Myg1 " Pt - ki and ”I+1 = T+1 -p; -k (29)

where 7, € {n;,ny} and Pr(n,.; =n;) = A > 0.5 for all ¢t. Figure 4 shows a simulation of this
equilibrium.® In this simulation, the economy starts and ends with low tree prices. In between,

the economy experiences two episodes of high tree prices. In each of them, the bubble grows very

®Strictly speaking, the distribution of storage and lending across the world’s savers is indeterminate in our model.
We focus throughout on the allocation that minimizes capital flows, i.e., we assume that entrepreneurs borrow first
from savers in their own country and only turn to the international market once all domestic savings have been
intermediated. Fomally, this is equivalent to adding the additional assumption that there are arbitrarily small but
not negligible costs of international transactions.

SFor all the stochastic examples in the paper, we run the model for 10,000 periods to produce each simulation.
We use the data obtained from the simulations to produce the corresponding figures.

12



quickly and bursts afterwards. So does the capital stock and output. In our parametrization, credit
booms are associated with relatively high interest rates (but still below the growth rate) and low
returns to investment (but still above the growth rate). Credit busts are instead associated with
low interest rates and high returns to investment. Finally, note that both savers and entrepreneurs
are better off during a credit boom.

This example with global shocks to bubble creation provides an interesting model of how bubbles
in asset prices generate episodes of credit booms and busts. The evolution of the capital stock, the
interest rate and the return to investment seem to be broadly consistent with real-world experience.
The lack of action in current accounts and the terms of trade (that is, relative input prices) is only
due to the symmetric nature of the shocks, as we will see shortly.

We consider next bubble return shocks. We do so by assuming that the rate of bubble creation
is constant and equal to 7, but there is a positive probability that the bubble bursts in any given

period:
T

- R with probability 1 — =«
1—7

—R with probability 7

*
U1 = Uppy =

for all t.” Figure 5 shows a simulation of this example. Initially, savers’ wages are fully intermediated
by the global bubble and storage is not used. At some point, the global bubble bursts: the
immediate effect of this collapse is to reduce the interest rate because entrepreneurs no longer
demand funds to purchase old trees. Since the rate of bubble creation is constant, though, this
fall in the interest rate boosts entrepreneurial collateral thereby raising investment and the capital
stock, reducing the rate of return to investment and increasing entrepreneurial welfare. Once again,
due to the symmetry of the exercise, input prices are one and current accounts are zero throughout.

This example of global shocks to bubble returns is interesting from a theoretical perspective
because it highlights a key aspect of our model. Namely, it is bubble creation (i.e. the value of neew
treees) that provides collateral and fosters investment; while the pre-existing bubble (i.e., the value
of old trees) actually reduces investment because it competes with it for the resources of savers.

This is why a collapse of the bubble that does not affect bubble creation stimulates growth.

"This case might seem unrealistic, as it implies that the value of old trees collapses while the value of new trees
remains constant. But it is nonetheless useful to understand the mechanics of the model.
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2.3 Country credit bubbles

We characterize now bubbles that are no longer equally distributed across countries. Indeed, we
go to the other extreme and now consider equilibria in which bubbles occur only in Home. In

particular, we assume that:

_ @ * ok * *Qu
Mgyl = Myyq - Pt ki and N41 = Mit1 " Pt - ky

where 1, € {ng,ny} and Pr(n,, = n,) = A > 0.5 for all ¢; while n; ; = n* for all t. We
parametrize the model so that countries are still symmetric in the long run, in the sense that the
long-run average rate of bubble creation is the same in Home and Foreign. In the reminder of this
section, we choose a given sequence of shocks and illustrate how the economy behaves under different
parameter assumptions. Comparing the behavior of endogenous variables in these equilibria allows
us to illustrate the key determinants of how credit booms and busts are propagated across countries.

It is useful to start with the case in which inputs of both countries are perfect substitutes, that
is v = oco. In this case, their prices are constant and equal to one. This eliminates terms-of-trade
effects and allows us to focus on transmission through the interest rate. This special or limiting
case is depicted in Figure 6.

Initially, Home is in a credit slump with low bubble creation, high storage, and low capital
accumulation. The value of trees in foreign, in turn, is just enough to intermediate the wages of
its savers: as a consequence, the current account is initially balanced. At some point, Home enters
a credit boom as bubble creation rises and expands entrepreneurial collateral. As growth picks up
in Home, storage is reduced as savings are reallocated towards entrepreneurial investment: once
storage is eliminated, though, Home entrepreneurs begin borrowing from Foreign savers, raising the
world interest rate, crowding out capital accumulation in Foreign and leading to a current account
deficit in Home. This benefits savers in Foreign despite the fall in the country’s capital and wages,
but it hurts Foreign entrepreneurs. Naturally, when the credit booms ends, the process is reversed.
Home growth collapses, the world interest rate falls, and Home once again runs a current account
surplus as there is capital flight to Foreign.®

This example illustrates the first transmission channel of credit bubbles which works through

8Note, for instance, that Foreign savers fare worst right at the end of a credit boom in Home. At this point, they
face both low wages (because, in the past, the credit boom in Home has crowded-out investment in Foreign) and a
low interest rate (because, looking forward, the credit bust in Home has reduced the global demand for investment).
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the interest rate and the current account. This interest-rate effect constitutes a negative spillover
for Foreign. A credit boom in Home attracts Foreign savings by raising the world interest rate.
Foreign experiences a capital outflow that lowers investment and growth. A credit bust at Home
releases Home savings lowering the world interest rate. Foreign experiences a capital inflow that
raises investment and growth.

Once we make the Home and Foreign inputs imperfect substitutes, we have a second transmis-
sion channel which works through the terms of trade or the real exchange rate. Note that these
two concepts are linked in this model. Home’s terms of trade is the ratio of the export and import

prices, i.e. p—i Home’s real exchange rate is the ratio of the prices of nontraded and traded goods.

by
Since consumption goods have the same prices in both countries, H%me’s real exchange rate is
positively linked to the relative price of investment goods, i.e. <pi> . Thus, the real exchange
Dy

rate fluctuates with the terms of trade, except in the limit when the home bias in spending, i.e.
6 — 0.

Figure TA depicts the case in which v = 2 and § = 0. That is, we assume that there is no
home bias in spending. The main difference with Figure 6 is that credit booms in Home, which
expand the supply of the Home input, are now accompanied by a deterioration in the country’s
terms of trade. The reason, of course, is that the expansion in the capital stock in Home raises the
relative supply of Home inputs. This terms-of-trade effect constitutes a a positive spillover effect for
Foreign. In the simulation, this spillover partly compensates for the negative interest-rate spillover.
Thus, relative to the case in which v = oo, the increase in the relative output of Home is smaller
than before and the benefits of Home’s credit boom are more equally distributed throughout the
world.

In the presence of a home bias in spending, the terms-of-trade effect becomes more complex
and interesting. This is shown in Figure 7B which depicts the case in which v = 2 and g = 0.8.
Now, we see that the credit boom initially improves Home’s terms-of-trade and only to worsen
them gradually. The reason is that now the expansion in the capital stock in Home also raises the
demand for Home inputs. This effect happens immediately and leads to a an initial terms-of-trade
improvement. Over time, as the capital stock expands, the supply of Home inputs grows and the
terms-of-trade deteriorate as in the previous example. We see then an interesting pattern emerging:
credit booms lead to a real exchange rate appreciation in the short run that is slowly reversed into
a real exchange rate depreciation in the long run.

This example illustrates the second transmission channel of credit bubbles which works through
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the terms of trade. This terms-of-trade effect constitutes a negative spillover to Foreign in the short
run, but a positive spillover in the long run. A credit boom in Home raises both the demand and
the supply for Home inputs. The demand effect dominates in the short run and worsens Foreign’s
terms of trade. The supply effect dominates in the long run and improves Foreign’s terms of trade.
Naturally, these effects are reversed if Home experiences a credit bust.

The importance of the terms-of-trade effect depends on the elasticity of substitution between
Home and Foreign inputs. So far, we have assumed that this elasticity is high. Figures 8A and
8B assume that v = 1, while Figures 9A and 9B assume that v = 0.6. Note that, the lower are
both v and [, the larger is the positive spillover to Foreign. A low S reduces the demand effect,
while a low 7 translates a given supply effect into a larger change in the terms-of-trade effect. An
interesting case is that in which v = 1 and g = 0. This is the famous Cole-Obstfeld case in which
countries share expansions and contractions equally and their outputs are perfectly correlated.

This concludes our exploration of simple examples, which exhibit either global shocks to investor
sentiment or shocks in only one country. These examples are meant to illustrate how the theory
works and, in particular, the channels through which credit booms and busts are propagated around
the world. To show the type of complex dynamics that the model can generate, we turn next to an

example in which credit and asset prices exhibit a rich and unpredictable behavior.

2.4 Complex equilibria

We now simulate an economy that starts in a normal state in which 7, = nf = n. With probability
A < 0.5, the world economy transitions from the normal state to a credit episode in which 7, =7
and nf = n* where 1) and 1™ are drawn from a uniform distribution centered in 7. With probability
A, the episode ends and both countries return to the normal state. We also assume that, during
each credit episode, there are bubble return shocks that are i.i.d. both across countries and time
periods.

Figure 10 illustrates a sample of this simulation. The sample contains three credit episodes We
can refer to the first episode as a global depression. Indeed, there is a credit bust in both countries
even though it is more pronounced at Home. As investment collapses in both countries, the use
of storage surges all over the world. Welfare falls for Foreign and Home savers and entrepreneurs,
even though residents of Foreign are relatively better off since they suffer a smaller contraction in
output. Once the depression is over, the world economy returns to a normal state for a few periods

before entering a second credit episode.
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The second episode combines a credit boom in Home with a credit slump in Foreign. As asset
prices and investment surge in Home, its entrepreneurs start borrowing also from Foreign savers.
As a consequence, Home runs a current account deficit as the world interest rate begins to rise.
Although the relative fall of Foreign’s output is somewhat mitigated by the improvement in its
terms of trade, welfare falls for all residents of Foreign while it rises for residents of Home.

Finally, the third episode in the sample is a global credit boom, driven by a simultaneous rise in
the value of trees in Home and in Foreign. The boom is particularly strong in Foreign, though, so
that its entrepreneurs borrow also from Home’s savers and Foreign runs a current account deficit.
The most interesting aspect of this episode is that this simultaneous boom turns out to be excessive
from a global perspective. The global bubble, and thus the demand for credit, is so large that it
generates a sharp increase in the world interest rate and a collapse in global investment and output!
Simply put, the large bubble crowds out investment. As a consequence, the world’s entrepreneurs
lose from the boom despite the higher value of their trees. The world’s savers, in the meantime,
benefit fromt the high interest rates.

This example shows that a world economy characterized by low interest rates can experience
rich and volatile patterns of credit, capital flows, and economic activity. Moreover, even though all
different types and combinations of credit booms and busts have different implications for welfare,
it is not possible to determine whether the market will select any specific one over the rest. Thus,
sometimes the global credit boom is too small, leading to weak investment and growth. At other
times, the global credit boom may be too large, sustaining high interest rates that also undermine
growth. Finally, the global credit boom may be inefficiently distributed across countries, sustaining
too much credit in some economies and too little in others. These observations raise a natural and
important question: can policies be used to improve upon the market equilibrium? If so, is their a

role for policy coordination across countries? We turn to these questions next.

3 Managing credit booms and busts

This section considers the problem of Home and Foreign governments that can influence credit
markets by taxing and/or subsidizing entrepreneurs. We first describe the set of policies that
we consider and show how they affect the evolution of credit, investment and output. We then
characterize a type of cooperative policies, in which both governments jointly maximize a measure

of global welfare, and non-cooperative policies, in which governments design policy independently
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of one another.

Before turning to the analysis, though, it is important to ponder briefly on what it means to
design policy in our environment. In our world, the competitive equilibrium is essentially driven
by investor sentiment or expectations, which determine the processes {n¢, ny, us, u; } and thus in-
vestment and prices. This poses a problem for the evaluation of policy, since the implementation of
a policy may influence expectations themselves and change the underlying process {n, ny, us, uj }.
We avoid this problem by focusing on policies that are expectationally robust, in the sense that they

implement the same allocations regardless of agent expectations or investor sentiment.

3.1 What can governments do?

We introduce governments in Home and Foreign and assume that they can influence the equilibrium
allocation by subsidizing and/or taxing entrepreneurs. In particular, the Home and Foreign govern-
ments respectively promise to give entrepreneurs of generation t a transfer equal to s;11 and s} 11
units of the consumption good during old age. These transfers can be negative and/or contingent
on the state of the economy. Whenever a transfer is positive in a given country, its government
finances it by imposing a tax of z; to entrepreneurs of generation ¢ in that same country. If a
transfer is negative, its benefit is distributed to young savers in the same country.

The key aspect of this policy is that it affects entrepreneurial wealth through taxes and subsidies,
and thus their ability to borrow. To see this, define ni,; and ni}; as the net resources that the

policies provide to entrepreneurs of generation ¢ in Home and Foreign:

Nip 1 = Se41 — Repr -z and nfyy =83 — Riqr - 27 (30)

That is, ng,; and ni}, reflect the difference between subsidies that will be obtained in old age
and the taxes paid in young age by Home and Foreign entrepreneurs, respectively. This transfer of
wealth naturally affects entrepreneurs’ ability to borrow and thus — as we show below — the demand
for credit, expanding it when it is positive and contracting it otherwise.

To close the model, we just need to specify how governments balance their budget constraints.
To this effect, as we already mentioned, we require each government to run a balanced budget.

That is, we assume throughout that,

st =z and sf =z (31)
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This enables us to express the dynamics of the policies as follows:

St41 = Req1 - se +njyy and iy = Repr - sp + 0y (32)

The formal similarity between Equation (32) and Equations (17) and (18) describing the dynamics
of the Home and Foreign bubbles hints at some of the results that follow.

We are now ready to analyze the effects of policies {n},n{*}. These effects are circumscribed
to the credit market, and the analysis of the input and final good markets in section 1 remains
unchanged. Remember that we focus throughout on the case in which the expected return to
investment exceeds the interest rate in both countries. Thus, credit is maximized and the collateral

constraint of Equation (2) is binding in all possible continuations of the economy. Entrepreneurs

. . . B + F . bit1 + .
now achieve this by setting f; = ! H;% Bt nd Ry = %Stﬂ in Home, and f; =
t+1 t
Eybr |+ Eysy . bf,, + s}
el L and Ry, = L*Hl in Foreign, i.e., by borrowing both against the value of

Rt ;
trees and against government subsidies. Given policies {n}, n{*}, this implies that:

Eibii1 + Ersia
Rt

E.br  + Est
and q; ki +bf+sf =e-wp + e ka1
Ry

Gt ki1 +b 45y = e-wp + , (33)

since fy = q - kyp1 + by + 8¢ —e-wg and ff = qf - ki | + b +si —e-w and we have replaced
governments’ budget constraints from Equation (31).

Equation (33) captures the fact that entrepreneurial borrowing must be used to invest, to pur-
chase existing trees and to pay the taxes prescribed by the policy. It also confirms that the collateral
constraints of Home and Foreign entrepreneurs are relaxed by the policies of their respective coun-
tries if and only if Fyni ; > 0 and Eyniy; > 0, i.e., if and only if the policies raise the expected
wealth of entrepreneurs. Taking into account that the supply of credit, which depends on the wages

of savers, is unaffected by the policies, the equilibrium interest rate is given by:

By {bt-‘rl + b;tk+1 + St41 + S:Jrl} } (34)

R =
t+1 max {107 (1 — 6) . (wt + 'LU;()

To construct equilibria for this economy, we propose first a joint stochastic process for bubble
return and creation shocks, {n;, n},u;, u;} for all ¢; and a policy process {nf,n;*}. With these sto-

chastic processes at hand, we determine all possible sequences for the variables {k;, kf, b, b}, s¢, s} }
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from a given initial condition using Equations (12)-(13) and (17)-(18) together with:

R;y1 = maxy p B {nt+1 i i nfil} (35)
s (=) (T—a)- (p- kf +pf k) — by — b — st — 5]
1-3 o —B Et {ntJFl + nf-Fl}
kiyi=p, "e-(1—a)-kf+p, " - Rt (36)
* *1—0 *Qr *—[3 Et {n;‘rl + nfil}
ki =1y e (l—a) k" +p; " Rit (37)

Relative to the model without policy interventions, Equations (36) and (37) highlight that, for
a given interest rate, investment is now determined by Finii1 + Eyng,; in Home and by Einy, | +
Eingt, in Foreign. When the policies prescribe Eynj ; > 0 and/or Eynjt; > 0, they raise the
expected wealth of Home and/or Foreign entrepreneurs, respectively, and allow them to expand
their investment. Naturally, the opposite is true when Eynj ; < 0 and/or Eyngi; < 0. Equation
(35) in turn highlights that, like bubbles, these policies affect the world interest rate by raising or
reducing the maximum amount of resources that entrepreneurs can pledge to their creditors, which
now becomes E; {th + b} 1+ Sty + SIH}.

Equations (35)-(37) are key to understand the role of policy in our model. A comparison with
the corresponding Equations (14)-(16) of the baseline model reveals that the only effect of policy
is to replace by with b; + s; and b} with b} + s} (and hence, n; and n} are replaced with n; +n; and
ny + ny*, respectively). This immediately implies that any competitive equilibrium of the global
economy can be implemented through the appropriate design of policies in Home and Foreign.
Suppose, for instance, that both governments want to implement the allocation corresponding to
an equilibrium in which the value of Home and Foreign trees equals b; and 5: , respectively. Then,
they can do so simply by following a policy that is contingent on the realized value of trees in both
countries, setting s; = by — b; and s = b, — bf for all £. This leads immediately to the following

proposition.

Proposition 1 Suppose that the governments of Home and Foreign can subsidize their respective
entrepreneurs by giving them transfers s; and sf during old age. Suppose moreover that each

government finances these transfers by taxing its young entrepreneurs. Then, the allocations of any
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equilibrium with bubble processes {Et,gr} can be replicated by policies that set,

St = Bt—bt,

S: = Eﬁk_b:7
i all periods.

Proof. Follows from previous discussion. m

Proposition 1 tells us that governments seeking to replicate the equilibrium allocations associ-
ated with bubble processes {Et, B: } should follow a policy of “leaning against investor sentiment”,
promising to set s; and s} in a state-contingent fashion so that s; + by = b; and s} + bf = B: in
all periods. A salient feature of such policies is that they are expectationally robust, in the sense
that they implement the desired allocations regardless of investor sentiment, i.e., no matter what
expectations are regarding the price of trees in Home and Foreign. In the countries and times
where investor sentiment and the price of trees is low relative to the desired benchmark, the policy
requires the corresponding government to subsidize entrepreneurs. Instead, in the countries and
times where investor sentiment and the price of trees are too high relative to the desired benchmark,
the policy requires the corresponding government to tax entrepreneurial income from the sale of

trees in order to reduce borrowing.

3.2 What should governments do?

Proposition 1 tells us that, given the class of policies that we consider, governments can in principle
replicate any equilibrium allocation that they desire. Determining which allocation they would
actually want to implement, though, is a different matter. First and foremost, it depends naturally
on the objective function that we assign to governments. In what follows, we will assume that they
maximize steady-state welfare. This seems like a sensible goal and it suits our purpose, which is to
illustrate the effects of policy. Moreover, given that the only shocks in our economy are expectation
or investor sentiment shocks, we characterize the deterministic allocation that achieves this goal,
i.e. we characterize the pair {n,n*} that maximizes steady-state welfare.

To gain a better understanding of the problem, note that there are four types of agents in the

world, entrepreneurs and savers both in Home and in Foreign. In a deterministic steady state, the
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welfare of Home entrepreneurs and savers is respectively given by:
cEzafl-a-p‘ko‘ and cs=R-(1—a)-p- k™.

This expression simply states that the consumption of entrepreneurs equals the economy’s capital
income, whereas the consumption of savers equals their labor income times the world interest rate.

The corresponding expression for Foreign is given by,
cp=ctoa-pt k' and ¢t =R-(1—a) p* k*

The problem that we consider is one in which the governments of Home and Foreign respectively
choose the values of n and/or n* that maximize welfare. They can then implement the desired
allocation through the appropriate use of subsidies and taxes as stated in Proposition 1. Given the
previous expressions for consumption, we can define the welfare of Home and Foreign by adding

the utilities of their residents:
W=[R-(1—¢)-(1—a)+a] p-k°® (38)

W*=R-(1—-¢)-(1—a)+a]-p*-k* (39)

This completes the characterization of governments’ objective functions and of the policy tools
at their disposal. The solution to this optimization problem, however, depends on the equilibrium
concept that we use. In particular, we characterize a cooperative equilibrium, in which governments
choose the policies that maximize their joint welfare; and a non-cooperative equilibrium, in which
each government chooses the policy that maximizes its own welfare. Characterizing both types
of equilibria clarifies the spillovers and potential externalities that are associated to the design of

policy. We turn to each of them next.

3.3 Cooperative policy

This section solves for the cooperative equilibrium, which is defined as follows:

Definition 1 The cooperative equilibrium of our economy is characterized by the pair {n,n*} that
solves

max (W +W*=[R-(1—¢)-(1—a)+a] - [p-k*+pk*].
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The pair {n,n*} is obtained by solving

ow _owr
on on
ow owr _ |
on*  on*

subject to Equations (12)-(16).

Thus, the cooperative equilibrium is defined as the competitive equilibrium that corresponds
to the bubble processes for Home and Foreign that maximize global welfare in steady state. The
following proposition, which is formally proved in the appendix, characterizes the solution to this

problem.

Proposition 2 The cooperative equilibrium of our economy is characterized by a constant and

symmetric rate of bubble creation

n=n*=(1-p)p-(1-c)(L-a)= (1-pl-e))s.

This level of bubble creation simultaneously guarantees that R = p and that wages are fully inter-

mediated, and it sustains a steady state with a capital stock equal to
% 1
=k = {[1-p(1-9) - (1 - a)} s .

Proof. See appendix. =

Proposition 2 tells us two important yet intuitive features of the “optimal bubble”. The first
feature is that it is distributed equally across both countries. This arises naturally in our model
given the symmetry of the setup and the existence of decreasing returns, which imply that any
redistribution of bubble creation away from the symmetric allocation reduces the return to global
investment. It is true that, by affecting the relative output of both countries, any such redistribution
of the global bubble also has effects on their terms of trade. But this adds an additional source of
decreasing returns, since the terms of trade shift against the country with the highest output. The
second important feature of the optimal bubble is that it is just large enough to intermediate all
wages. In effect, once all wages have been intermediated, investment cannot be raised any further
and any additional increases in the bubble can only lead to a higher world interest rate and thus

to a lower capital stock, output and, ultimately, overall consumption.
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By combining propositions 1 and 2, we can characterize the optimal policy when both govern-

ments seek to maximize global welfare in steady state:

Corollary 1 To maximize steady-state welfare, the governments of Home and Foreign should set

{st, 8§} so that

s = p-(l—2)-(1-)Ta - [L—p(l &)= b,

sio= p(1—g)-(1—a)a-[1—p(l—e)Ta -],

i all periods.

Proof. Follows directly from Propositions 1 and 2. =

Corollary 1 is a specific application of Proposition 1, and it tells us the exact manner in which
governments must lean against investor sentiment to replicate the optimal bubble.

To see how the effects of this policy in practice, we can return to the example of Section 2.4.
In that example, the world economy was subject to bubble creation and bubble return shocks
that generated rich dynamics. We now analyze the dynamics in the presence of policy. Figure 11
reproduces in black the evolution of the main variables in the absence of policy, whereas it depicts in
red the evolution of these same variables under the policy specified in the corollary. Figure 12 shows
the specific policy interventions that underlie these results, assuming that investor expectations are
unaffected by the presence of a policy.

The policy fully stabilizes the economy throughout the sample. In the first episode, which was
a global credit bust, it does so by subsidizing entrepreneurs both in Home and in Foreign. Because
entrepreneurs borrow against these promised subsidies, the policy raises global investment and
output while eliminating storage. It stabilizes the global interest rate and sets it equal to p, and it
raises the welfare of savers and entrepreneurs all over the world.

In the second episode, which combines a credit boom in Home with a bust in Foreign, the policy
also stabilizes the world economy but it has important redistributional consequences. Namely, due
to diminishing returns, the market bubble is suboptimally distributed between Home and Foreign in
this episode. By taxing Home entrepreneurs and subsidizing Foreign ones, the policy reestablishes
symmetry. This raises global investment and output, while hurting residents of Home and benefiting

those of Foreign.
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Finally, the last episode in the example entailed a global credit boom, which raised global
interest rates and led to a fall in global investment and output. Here, the policy prescribes taxing
entrepreneurs both in Home and in Foreign. This reduces the interest rate and boosts investment
and output. Interestingly, this tax raises the welfare of entrepreneurs and reduces that of savers.

This example shows how the policy outlined in corollary 1 is successful in stabilizing the world
economy and raising global welfare. This casts a positive light on the possibilities of policy inter-
vention, but these appear to rely on two crucial features of the analysis. The first is the assumption
that governments can impose unlimited lump-sum taxes on young entrepreneurs. This assumption
may seem central to our results, since it is not entirely clear whether governments with more lim-
ited powers of taxation (i.e., access only to distortionary taxes or subject to a maximum tax rate)
would be able to implement the optimal allocation. Although this presumption is intuitive, we have
shown elsewhere that it is not true, since governments subject to such limitations could finance the
policy equally well by issuing debt.” The second crucial feature of our analysis is, of course, that
we have shown the effects of a policy that is optimally designed and implemented by governments
seeking to maximize global welfare. This may raise the question of whether such a policy would

also be implemented if governments behaved in a non-cooperative fashion.
3.4 Non-cooperative policy

This section solves for the cooperative equilibrium, which is defined as follows:

Problem 2 In the non-cooperative solution n mazimizes W and n* mazximizes W*. In this case,

n and n* are obtained by solving,

oW
an
W™
on* 0,

subject to Equations (12)-(16).

Thus, the non-cooperative equilibrium is defined as the Nash equilibrium of a game between
governments in which each of them tries to maximize its own welfare. In this Nash equilibrium,
countries take the policies of the other country as given.

In general, the non-cooperative equilibrium does not replicate the cooperative equilibrium. The

reason, of course, is that countries do not take into account the spillovers that their policies create.

For a formal demonstration of this, see Martin and Ventura (2014).
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We saw in Section 2.3 that these spillovers work through the world interest rate and the terms-of
trade. The interest-rate spillover is negative and this implies that individual countries have an
incentive to generate too much credit. The terms-of-trade spillover is positive in the long run and
this implies that countries have an incentive to generate too little credit. These two forces distort
country incentives and create a global inefficiency. The sign of this inefficiency depends on the
relative importance of the two distortions.

We illustrate these insights by solving the noncooperative problem under three different pa-
rameter assumptions. Figure 13 shows the case in which v = 2 and § = 0. In this case, the
terms-of-trade spillover is weak and does not compensate the interest-rate inefficiency. As a result,
the noncooperative equilibvrium leads to too much credit, too high interest and too low investement
and output. In this world economy, credit is too high. Figure 14 shows the Cole-Obstfeld case in
which v =1 and 8 = 0. In this case, the two distortions offset each other and the noncooperative
equilibrium coincides with the cooperative one. Figure 15 shows the case in which v = 0.01 and
B = 0. In this case, the terms-of-trade is so powerful that governments eliminate all credit and the

noncooperative equilibrium delivers the bubbleless equilibrium.

4 Concluding remarks

We live in a world of low financial integration, low interest rates, and frequent credit booms. In
this paper, we have developed a framework to think about these three stylized facts as part of a
general narrative. In our model, low interest rates are the result of weak enforcement institutions,
which limit collateral and thus credit and investment in the global economy. For simplicity, we
have assumed throughout that enforcement institutions are equally weak in all countries: nothing
substantial would change, however, if we assumed that they are particularly weak in developing
countries. In this case, the decline in the world interest rate could be attributed to the latter’s
increasing financial integration with the global economy.

Our model shows that low interest rates create the conditions for asset bubbles to arise, which
in turn give rise to credit booms and busts. When a bubble raises the market value of assets in an
economy, it relaxes borrowing constraints and fuels a credit boom that attracts foreign capital and
expands investment and economic growth. The effects of this expansion propagate across the world
economy through two channels: the interest rate, which increases for the rest of the world due to

the higher demand for credit, and the terms of trade, which initially worsen but then improve for
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the rest of the world as the country going through the credit boom first experiences an increase in
the relative demand for its products and eventually an increase in their relative supply. Of course,
credit booms sustained by asset bubbles ultimately rest on expectations or investor sentiment,
which are prone to sudden shifts. When this happens, the boom turns into a credit bust and asset
prices, intermediation, investment and output all fall as capital flows abroad.

This general description of credit booms and busts seems quite conventional. But it turns the
standard perception of the link between asset prices, investment and capital flows on its head.
The conventional way of thinking about these episodes is that, in any given country, investment
responds to increases in productivity: it is this increase in investment that raises credit, capital
inflows and asset prices. Our model provides a different way of interpreting these phenomena. In a
global economy characterized by low interest rates, it may very well be it is changes in expectations
or investor sentiment that drive changes in asset prices, which in turn translate into fluctuations
in credit, investment and capital inflows. Insofar as investor sentiment can change abruptly and
independently of economic fundamentals, our model provides a rationale for the incidence of credit
booms and busts in a low-interest world.

By providing an alternative interpretation of the world that we live in, our model also provides
a different role for policy. In particular, it shows that a global planner should adopt a policy
of “leaning-against-investor-sentiment”, taxing credit in those times and countries where credit
is excessive and subsidizing it elsewhere. An important characteristic of this policy is that it is
expectationally robust, in the sense that it isolates the world economy from fluctuations in investor
sentiment. This policy may be hard to implement in a decentralized fashion, though, as individual
countries are unlikely to internalize the effects of their policies on the world interest rate and on
other countries’ terms-of-trade.

Of course, our model provides a first approach to many of these questions. One important issue
that we have left aside is the study of policy, both at the global and at the country level, in an
asymmetric world. What would change in our analysis if countries differed in size or productivity?
What if they differed in the credibility of their institutions, for instance, and thus in their ability
to implement policy? Is it reasonable to assume that larger and more credible countries will be
better able to adopt policies like the one studied here, thereby capturing the rents that arise from
hosting bubbles in a low-interest global economy? These are fascinating questions that provide an

exciting avenue for future research.
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Appendix: Proof of proposition 2

The cooperative equilibrium of our economy is characterized by the pair {n,n*} that solves
max[W+W*=[R-(1—-¢)- (1 —a)+a]-[p-k“+p k*]. (40)

Let
ny ny

TTA Ak Ao () K

denote the rate of bubble creation in Home and Foreign as a function of saver wages. Given this

notation, maximization of Equation (40) amounts to maximizing
A(R)-§(n, R) (41)

where

AR)=(1-a)-(1—¢)-R+«

and

@

7= (= ) [ - (-0 (- a) ]

Taking the first-order condition of (41) with respect to 7 tells us that a larger global bubble is

desirable as long as

€A,R ’ ng + éﬂ,n + 517,10510,7) + fﬁ,p* gp* nt gﬂ,RgR,n 20,

dr m
e denotes an elasticity between variables  and m. From Equation (14) for the
m

interest rate, it can be shown that

where £, ,,, =

0 ifn<(l-p)p

§R = 1—R )
" m otherwise
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in any symmetric allocation. It can also be shown that {5 £, = —&5,+§,+, In any symmetric
allocation.
It follows from these observations that it is always optimal to raise n when the economy is in

the partial intermediation region, i.e., as long as g, = 0. Once n > (I —p) - p, and taking into

"
1—¢). L
(1-¢)- 5

ne

«

e e+ (1—¢)

account that {5, = —&; g = the first order condition becomes

which, evaluated at n = (1 — R) - R, can be rewritten as

1—a) S« 1
(1-¢)-1-a)-R+a " 1-a e+(1—¢)-(1-R)

1+e—p .
—— . To see this, simpl
1+¢ Py
note that the left hand side of the expression is decreasing in both o and R, and it is therefore
P

1+e-(1—p)
a and R, and it is therefore higher than

This condition can never be satisfied under our assumption that o >

< 1. The right hand side of the expression is instead increasing in both
14+e—0p

p-(1+p-c—p)
Taking this into account, it is immediate to compute the bubble n = n* that maximizes Equation

lower than

> 1.

1
(40). It must simulatenously satisfy R = p and R = g " which implies 7 = p(1 — p) and thus

o

n=nt=(=p)p(1=e) (1= )75 (e + (1) (1))t
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Figure 1 : Credit booms are identified by comparing the credit-to-GDP ratio in a given year to a rolling, country-specific, cubic trend estimated over a 10-year
period (see Dell’Ariccia et al. [2012]). In particular, a credit booms occurs if the deviation from trend is greater than 1.5 times its standard deviation and the
annual growth rate of the credit-to-GDP ratio exceeds 10 percent; or if the growth rate of the credit-to-GDP ratio exceeds 20 percent. There is a total of 170

countries in the sample.
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Figure 2 : IFI is the sum foreign assets and liabilities scaled by GDP (see Lane [2012]). We report the aggregate IFI ratio for OECD and Non-OECD countries.
Data are taken from the Lane and Milesi-Feretti database and low-income countries, oil producers and countries with population less than one million were excluded.
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Figure 7.B : This panel shows the simulation of an economy with shocks to bubble creation 7 (and constant n* ). In this example, v =2 and 8 =0.8 .
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Figure 9.A : This panel shows the simulation of an economy with shocks to bubble creation 1 (and constant n* ). In this example, 7y = 0.6 and 5 =0 .
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Figure 9.B : This panel shows the simulation of an economy with shocks to bubble creation 7 (and constant n* ). In this example, v = 0.6 and § = 0.8 .
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Figure 10 : This panel shows the simulation of an economy with shocks to bubble creation ( 7; and n; ) and bubble returns ( u; and u} ). There are two states
of the world: a normal state and a credit episode. In the normal state, n: = n; = 1. In an episode, n, = 7 and 7y = *, where 7 and 77* are independently drawn
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simulation, ¢ = 0.25, A = 0.1 and n = n°?* = (1 —€)(1 — a)p(1 — p) . The bubble return shocks u; and u} are i.i.d. across time and countries and are drawn from a
uniform distribution with support [—0.02,0.02].
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Figure 11 : This panel shows the economy simulated in Figure 10 and compares it to a managed economy with the optimal policy.



Policy Intervention: Home

0.06 | = = -g
0.04
0.02
LemmmmmmmN
’ -
Ofmcmm = ~~——‘ ----------------- PR e
\ P - -
S v

-0.02 1 1 1 1 1 1 1 1 J

5 10 15 20 25 30 35 40 45

Policy Intervention: Foreign
—
0.06H = = = o+
0.04
0.02-
PR -\
Ok = === e I ._.'..’. ............. ~~~ e
\
S ’
-y - -

~0.02 1 1 1 1 1 1 1 1 J

5 10 15 20 25 30 35 40 45

a =0.5,¢=0.2, p=0.25
v =2, 8=0.8

Figure 12 : This panel shows the implementation of the optimal policy in the example in Figure 11.
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Figure 13 : This panel compares the cooperative and the non-cooperative equilibria when v > 1.
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Figure 15 : This panel compares the cooperative and the non-cooperative equilibria when v < 1.



