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Abstract
Credit constraints linking debt to market-determined prices embody a systemic
credit externality that drives a wedge between competitive and constrained socially optimal equilibria, inducing private agents to “overborrow.” This externality arises because private agents fail to internalize the financial amplification effects of carrying a large amount of debt when credit constraints bind. We conduct
a quantitative analysis of this externality in a two-sector dynamic stochastic general equilibrium (DSGE) model of a small open economy calibrated to emerging
markets. Raising the cost of borrowing during tranquil times restores constrained
efficiency and significantly reduces the incidence and severity of financial crises.
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In the wake of the 2008 international financial crisis, there have been intense debates
about reform of the international financial system that emphasize the need to address the
problem of “overborrowing.” The argument typically relies on the observation that periods of
sustained increases in borrowing are often followed by a devastating disruption in financial
markets. This raises the question of why the private sector becomes exposed to the dire
consequences of financial crises and what the appropriate policy response should be to reduce
the vulnerability to these episodes. Without a thorough understanding of the underlying
inefficiencies that arise in the financial sector, it seems difficult to evaluate the merit of
proposals that aim to reform the current international financial architecture.
This paper presents a formal welfare-based analysis of how optimal borrowing decisions
at the individual level can lead to overborrowing at the social level in a dynamic stochastic general equilibrium (DSGE) model, where financial constraints give rise to amplification
effects. As in the theoretical literature (e.g. Lorenzoni, 2008), we analyze constrained efficiency by considering a social planner that faces the same financial constraints as the private
economy, but internalizes the price effects of its borrowing decisions. Unlike the existing
literature, we conduct a quantitative analysis to evaluate the macroeconomic and welfare
effects of overborrowing. We study how overborrowing affects the incidence and severity of
financial crises, the magnitude of welfare losses, and the features of policy measures that
aim to correct the externality. In a nutshell, we investigate whether overborrowing is in fact
a macroeconomic problem and what should be the optimal policy response.
Our model’s key feature is an occasionally binding credit constraint that limits borrowing,
denominated in the international unit of account (i.e., tradable goods), to the value of
collateral in the form of output from the tradable and nontradable sector, as in Mendoza
(2002). Because debt is partially leveraged in income generated in the nontradable sector,
changes in the relative price of nontradable goods can induce sharp and sudden adjustments
in access to foreign financing. Due to incomplete markets, agents can only imperfectly insure
against adverse shocks. As a result, when agents have accumulated a large amount of debt
and a typical adverse shock hits, the economy suffers the typical dislocation associated with
an emerging market crisis. Demand for consumption goods falls, putting downward pressure
on the price of nontradables, which drags down the real exchange rate. This leads to a
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further tightening of the credit constraint, setting in motion Fisher’s debt deflation channel
by which declines in consumption, the real exchange rate, and access to foreign financing
mutually reinforce one another, as in Mendoza’s work.
In the model, private agents form rational expectations about the evolution of macroeconomic variables—in particular the real exchange rate—and correctly perceive the risks and
benefits of their borrowing decisions. Nevertheless, they fail to internalize the general equilibrium effects of their borrowing decisions on prices. This is a pecuniary externality that
would not impede market efficiency in the absence of the credit constraint linked to market
prices. However, by reducing the amount of borrowing ex-ante, a social planner mitigates
the decrease in demand for consumption during crises. This mitigates the real exchange
rate depreciation and prevents a further tightening of financial constraints, making everyone
better off.
Our quantitative analysis shows that the macroeconomic effects of the systemic credit
externality are significant. The externality increases the long-run probability of a financial
crisis from 0.4 percent to 5.5 percent and has important effects on the severity of these
episodes. In the decentralized equilibrium, consumption drops 17 percent, capital inflows
fall 8 percent, and the real exchange rate drops by 19 percent in a typical crisis. In the
constrained-efficient allocations, by contrast, consumption drops 10 percent, capital inflows
barely fall, and the real exchange rate drops by 1 percent. Moreover, the externality allows
the model to account for two salient features of the data: procyclicality of capital inflows
and the high variability of consumption.
We study a variety of policy measures that can restore constrained efficiency, all of which
involve restricting the amount of credit in the economy: taxes on debt, tightening of margins,
and capital and liquidity requirements. These measures are imposed before a crisis hits so
that private agents internalize the external costs of borrowing and the economy becomes less
vulnerable to future adverse shocks. In the calibrated version of our model, the increase in
the effective cost of borrowing necessary to implement the constrained-efficient allocations
is about 5 percent on average, increasing with the level of debt and with the probability of
a future financial crisis. We also study simple forms of interventions and ascertain that a
fixed tax on debt can also achieve sizable welfare gains.
2

Our paper is related to the large literature on the macroeconomic role of financial frictions.
Following the work of Bernanke and Gertler (1989) and Kiyotaki and Moore (1997), various
studies have presented dynamic models where financial frictions can amplify macroeconomic
shocks compared to a first-best benchmark where these frictions are absent.1 Our contribution to this literature is twofold. First, we study the volatility and the level of amplification
of the competitive equilibrium relative to a second-best benchmark where these frictions are
also present. Second, we investigate several policy measures that can significantly reduce the
level of financial instability and improve welfare by making agents internalize an externality
due to financial accelerator effects.
Our paper is related to the theoretical literature that investigates the role of pecuniary externalities in generating excessive financial fragility, and we borrow extensively from their insights (see for example Auernheimer and Garcia-Saltos (2000), Caballero and Krishnamurthy
(2001,2003), Lorenzoni (2008), Farhi, Golosov, and Tsyvinski (2009), and Korinek (2009ab)).2
In all of these studies, however, the analysis is qualitative in nature. Our contribution to
this literature is to provide a quantitative assessment of the macroeconomic, policy and welfare implications of overborrowing. This is an important first step in the evaluation of the
potential benefits from regulatory measures to correct these externalities and in the study
of their practical implementation.
There is a growing macroeconomic literature that studies optimal policy in a financial
crisis.3 This literature typically takes as given that the economy is in a high leverage situation
and analyzes the role of policies that can moderate the impact of a large adverse shock. While
this literature provides important insights on how to respond to crises once they erupt, it
does not study how the economy experiences the surge in debt that leads to the crisis in
the first place. This paper complements this literature by studying how an economy can
become vulnerable to a financial crisis due to excessive borrowing during normal times. We
1

See for example Aiyagari and Gertler (1999), Bernanke, Gertler, and Gilchrist (1999), Iacoviello (2005),
Gertler, Gilchrist, and Natalucci (2007), Mendoza (2002,2010).
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The inefficiency result of these studies is related to the idea that economies with endogenous borrowing constraint and multiple goods are constrained inefficient (Kehoe and Levine, 1993) and to the generic
inefficiency result in economies with incomplete markets (Geneakoplos and Polemarchakis, 1986; Stiglitz,
1982).
3
Notable contributions include Christiano, Gust, and Roldos (2004), Kiyotaki and Moore (2008),
Gertler and Karadi (2009), and Gertler and Kiyotaki (2009).
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model crises as infrequent episodes nested within regular business cycles and analyze the
role of policies in reducing an economy’s vulnerability to financial crises, therefore placing
macroprudential policy at the center of the stage. We acknowledge, however, that because
our analysis requires global non-linear solution methods, we abstract from important realworld features present in larger scale DSGE models.
A related paper that allows for policy intervention during normal times and crisis times is
Benigno et al. (2009). They consider the role of a subsidy on nontradable goods, which the
Ramsey planner uses ex-post to mitigate the real exchange depreciation during crises, but not
ex-ante since it is not effective to make agents internalize the full social costs of borrowing.
We focus instead on a constrained planner who directly makes borrowing decisions and show
that the decentralization requires ex-ante intervention to prevent excessive risk exposure.
Finally, there are a number of other theories of inefficient borrowing that have been investigated. One theory is moral hazard: banks may lend excessively to take advantage of some
form of government bailout.4 Uribe (2006) has also studied whether an economy with an
aggregate debt limit tends to overborrow relative to an economy with debt limits imposed
at the level of each individual agent, and found that borrowing decisions coincide. Jeske
(2006) studied an environment where default on external debt carries permanent exclusion
and domestic contracts are enforced. He showed that an equilibrium with decentralized
borrowing leads to tighter borrowing constraints since agents perceive that after defaulting
they can still access external credit using other residents as intermediaries. Wright (2006)
then found that a system of subsidies to international capital flows can correct the asymmetry in the enforcement constraint and raise the level of capital flows to the constrained
efficient level. Our focus instead is on the comparison between competitive equilibrium and
constrained-efficient equilibrium when credit constraints that are linked to market prices
generate financial amplification effects.
The remainder of the paper is organized as follows: Section 1 presents the analytical
framework. Section 2 characterizes the competitive equilibrium. Section 3 analyzes the
constrained social planner’s problem. Section 4 presents the quantitative analysis. Section 5
discusses policy implications. Section 6 concludes. All proofs are provided in the Appendix.
4

See e.g. McKinnon and Pill (1996), Corsetti, Pesenti, and Roubini (1999), Schneider and Tornell
(2004), and Farhi and Tirole (2009).
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1

Analytical Framework
Consider a representative-agent DSGE model of a small open economy (SOE) with a

tradable goods sector and a nontradable goods sector. Tradable goods can be used for
consumption, external borrowing and lending transactions; nontradable goods have to be
consumed in the domestic economy. The economy is populated by a continuum of identical,
infinitely-lived households of measure unity with preferences given by:
(∞
)
X
E0
β t u(ct )

(1)

t=0

In this expression, E(·) is the expectation operator, and β is the discount factor. The
period utility function u(·) has the constant-relative-risk-aversion (CRRA) form. The consumption basket ct is an Armington-type CES aggregator with elasticity of substitution
1/(η + 1) between tradable cT and nontradable goods cN given by:
h ¡ ¢
¡ N ¢−η i− η1
T −η
,
ct = ω ct
+ (1 − ω) ct

η > −1, ω ∈ (0, 1)

In each period t, households receive an endowment of tradable goods ytT and an endowment of nontradable goods ytN . We assume that the vector of endowments given by
2
y ≡ (y T , y N ) ∈ Y ⊆ R++
follows a first-order Markov process. These endowment shocks are

the only source of uncertainty in the model.
The menu of foreign assets available is restricted to a one period, non-state-contingent
bond denominated in units of tradables that pays a fixed interest rate r, determined exogenously in the world market.5 Normalizing the price of tradables to 1 and denoting the price
of nontradable goods by pN the budget constraint is:
N N
T
N
bt+1 + cTt + pN
t ct = bt (1 + r) + yt + pt yt

(2)

where bt+1 denotes bond holdings that households choose at the beginning of time t. We
maintain the convention that positive values of b denote assets. As there is only one asset,
gross and net bond holdings (NFA) coincide.
5

To have a well-defined stochastic steady state, we assume that the discount factor and the world
interest rate are such that β(1 + r) < 1. If β(1 + r) ≥ 1, assets will diverge to infinity in equilibrium by the
supermartingale convergence theorem (see Chamberlain and Wilson, 2000). See Schmitt-Grohe and Uribe
(2003) for other methods to induce stationarity.

5

We assume that creditors restrict loans so that the amount of debt does not exceed a
fraction κT of tradable income and a fraction κN of nontradable income. Specifically, the
credit constraint is given by:
¡
¢
N
T T
bt+1 ≥ − κN pN
t yt + κ yt

(3)

This credit constraint can be seen as arising from informational and institutional frictions
affecting credit relationships (such as monitoring costs, limited enforcement, asymmetric
information, and imperfections in the judicial system), but we do not model these frictions
explicitly. Our focus is on how financial policies can be welfare improving, taking as given
the frictions that lead to these debt contracts, i.e., we assume that the social planner is a
constrained social planner that is also subject to this credit constraint.
Discussion of market incompleteness.— A few comments are in order about the two
deviations from complete markets that we introduce here. First, we have assumed that assets
are restricted to a one-period non-state-contingent bond and are denominated in tradable
goods. While agents typically have a richer set of assets available, this assumption is made
for numerical tractability and is meant to capture the observation that debt in emerging
markets is generally short term and denominated in foreign currency. In turn, these features
of debt contracts are generally seen as an important source of vulnerability in emerging
markets (see e.g., Calvo, Izquierdo, and Loo-Kung, 2006).
The second form of market incompleteness is given by the credit constraint. In the
absence of a credit constraint, households will increase borrowing in bad times to smooth
consumption. This will imply a counterfactual reaction of the current account, which is
well-known to rise during recessions in emerging markets. The credit constraint we have
specified has two main features. One crucial feature is that nontradable goods are part of
the collateral. At the empirical level, this is consistent with evidence that credit booms in the
nontradable sector are fueled by external credit (see e.g., Tornell and Westermann, 2005).
At the theoretical level, this could result because foreign borrowers can seize nontradable
goods from a defaulting borrower, sell them in the domestic market, and repatriate the funds
abroad. A positive gap between κT and κN would reflect an environment where creditors
have a higher preference for tradable income as collateral. A case where κT = κN would
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reflect an environment where creditors request and aim to verify information on total income
of individual borrowers, i.e., they do not document the sectoral sources of their income.
The second feature is that the collateral is given by current income. At the empirical
level, this assumption is supported by evidence that current income is a major determinant
of credit market access (see e.g., Jappelli, 1990).6 At the theoretical level, borrowing limits
could depend on current income if households can engage in fraud in the period they contract
debt obligations and prevent creditors from seizing any future income. If creditors detect
the fraud, however, they could seize household’s current income (see Korinek, 2009a).
An additional argument that our formulation of the credit constraint is suitable for a
quantitative assessment of the externality is that our model can account reasonably well for
the main macro features of emerging market crises, as shown by Mendoza (2002).

2

Equilibrium

2.1

Optimality Conditions
The household’s problem is to choose stochastic processes {cTt , cN
t , bt+1 }t≥0 to maximize

the expected present discounted value of utility (1) subject to (2) and (3), taking b0 and
{pN
t }t≥0 as given. The household’s first-order conditions require:
λt = uT (t)
µ
pN
t

=

1−ω
ω

¶µ

cTt
cN
t

(4)
¶η+1
(5)

λt = β(1 + r)Et λt+1 + µt
¡
¢
N
T T
bt+1 + κN pN
≥ 0,
t yt + κ yt

with equality if µt > 0

(6)
(7)

where λ is the non-negative multiplier associated with the budget constraint and µ is the
non-negative multiplier associated with the credit constraint. The optimality condition (4)
equates the marginal utility of tradable consumption to the shadow value of current wealth.
Condition (5) equates the marginal rate of substitution of the two goods, tradables and
nontradables, to their relative price. Equation (6) is the Euler equation for bonds. When
6

For more evidence on credit constraints on households, see Jappelli and Pagano (1989), Zeldes (1989).
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the credit constraint is binding, there is a wedge between the current shadow value of wealth
and the expected value of reallocating wealth to the next period, given by the shadow price
of relaxing the credit constraint µt . Equation (7) is the complementary slackness condition.
Since households are identical, market clearing conditions are given by:
N
cN
t = yt

(8)

cTt = ytT + bt (1 + r) − bt+1

(9)

Notice that equation (5) implies that a reduction in cTt generates in equilibrium a reduction in pN
t , which by equation (3) reduces the collateral value. Besides amplification, the
credit constraint produces asymmetric responses in the economy: a binding credit constraint
amplifies the consumption drop in response to a negative income shock, but no amplification effects occur when the credit constraint is slack. Because of consumption-smoothing
effects, the demand for borrowing decreases with current income, and when current income
is sufficiently low, the credit constraint becomes binding.
2.2

Equilibrium Definition
We consider the optimization problem of a representative household in recursive form,

which includes, as a crucial state variable, the aggregate bond holdings of the economy.
Households need to forecast future aggregate bond holdings that are beyond their control
to form expectations of the price of nontradables. We denote by Γ(·) the forecast of aggregate bond holdings for every current aggregate state (B, y), i.e., B 0 = Γ(B, y) . Combining
equilibrium conditions (5),(8), and (9), the forecast price function for nontradables can be
¡
¢η+1
expressed as pN (B, y) = (1 − ω)/(ω) (y T + B(1 + r) − Γ(B, y))/y N
. The other relevant state variables for the individual household are his bond holdings and the vector of
endowment shocks. The problem of a representative household can then be written as:
V (b, B, y) = max u(c(cT , cN )) + βEy0 | y V (b0 , B 0 , y 0 )
b0 ,cT ,cN

subject to
b0 + pN (B, y)cN + cT = y T + b(1 + r) + pN (B, y)y N
¢
¡
b0 ≥ − κN pN (B, y)y N + κT y T
B 0 = Γ(B, y)
8

(10)

where we have followed the convention of denoting current variables without subscript and
denoting next period variables with the prime superscript. The solution to the household
problem yields decision rules for individual bond holdings b̂(b, B, y), tradable consumption
ĉT (b, B, y) and nontradable consumption ĉN (b, B, y). The household optimization problem
induces a mapping from the perceived law of motion for aggregate bond holdings to an
actual law of motion, given by the representative agent’s choice b̂(B, B, y). In a rational
expectations equilibrium, as defined below, these two laws of motion must coincide.
Definition 1 (Decentralized Recursive Competitive Equilibrium)
A decentralized recursive competitive equilibrium for our SOE is defined by a pricing function
n
o
pN (B, y), a perceived law of motion Γ(B, y) and decision rules b̂(b, B, y), ĉT (b, B, y), ĉN (b, B, y)
with associated value function V (b, B, y) such that the following conditions hold:
n
1. Household optimization:

o
b̂(b, B, y), ĉN (b, B, y), ĉN (b, B, y), V (b, B, y) solve the recur-

sive optimization problem of the household for given pN (B, y) and Γ(B, y).
2. Rational expectation condition: the perceived law of motion is consistent with the actual
law of motion: Γ(B, y) = b̂(B, B, y).
3. Markets clear: y N = ĉN (B, B, y) and Γ(B, y) + ĉT (B, B, y) = y T + B(1 + r).

3
3.1

Efficiency
Social Planner’s Problem
We previously described the equilibrium achieved when agents take aggregate variables

as given, particularly the price of nontradables. Consider now a benevolent social planner
with restricted planning abilities. We assume that the social planner can directly choose the
level of debt subject to the credit constraint, but allows goods markets to clear competitively. That is, the planner (a) performs credit operations and rebates back to households
all the proceeds in a lump sum fashion, and (b) lets households choose their allocation of
consumption between tradable goods and nontradable goods in a competitive way.
As opposed to the representative agent, a social planner internalizes the effects of borrowing decisions on the price of nontradables. Critically, the social planner realizes that a
lower debt level mitigates the reduction in the price of nontradables and prevents a larger
9

drop in borrowing ability when the credit constraint binds. As a result, we will show that the
decentralized equilibrium allocation is not a constrained Pareto optimum, as defined below.
Definition 2 (Constrained Efficiency)
©
ª
Let cTt , cN
t , bt+1 t≥0 be the allocations of the competitive equilibrium yielding utility V̂ .
The competitive equilibrium is constrained efficient if a social planner that chooses directly
{bt+1 }t≥0 subject to the credit constraint, but lets the goods markets clear competitively, cannot improve the welfare of households above V̂ .
The social planner’s optimization problem consists of maximizing (1) subject to (3),(5),
(8) and (9). Substituting for the equilibrium price in (3), we can express the social planner’s
optimization problem in recursive form as:
V (b, y) = max u(c(cT , y N )) + βEy0 | y V (b0 , y 0 )
b0 ,cT

(11)

subject to
b0 + cT = y T + b(1 + r)
!
Ã
µ T ¶η+1
c
1
−
ω
y N + κT y T
b0 ≥ − κN
ω
yN
Using sequential notation and the superscript “sp” to distinguish the Lagrange multipliers
of the social planner’s problem from the decentralized equilibrium, the first-order conditions
for the social planner require:
sp
λsp
t = uT (t) + µt Ψt

Ã
bt+1 +

1−ω
κ
ω
N

µ

cTt
ytN

sp
sp
λsp
t = β(1 + r)Et λt+1 + µt
!
¶η+1

ytN + κT ytT

≥ 0,

with equality if µsp
t > 0

(12)
(13)
(14)

T
N
where Ψt ≡ κN (pN
t ct )/(ct ) (1 + η) > 0 indicates how much the collateral value changes at

equilibrium when there is a change in tradables consumption. Notice that this term is directly
proportional to the fraction of nontradable output that agents can pledge as collateral, the
relative size of the nontradable sector and the inverse of the elasticity of substitution between
tradables and nontradables. We will return to this expression in the sensitivity analysis.
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The key difference between the optimization problem of the social planner relative to
households follows from examining (12) compared to the corresponding equation for the
decentralized equilibrium (4). The social planner’s marginal benefits from tradable consumption include the direct increase in utility uT (t) and also the indirect increase in utility
µsp
t Ψt . This indirect benefit, not considered by private agents, represents how an increase in
tradable consumption increases the price of nontradables and relaxes the credit constraint
of all agents by Ψt , which has a shadow value of µsp
t . Thus, (4) and (12) yield the key result
that, for given initial states and allocations at which the credit constraint binds, private
agents value wealth less than the social planner, which we highlight in the following remark.
Remark 1 When the credit constraint binds, private agents undervalue wealth.
To see more clearly why this different ex-post valuation generates overborrowing ex-ante,
suppose that at time t the constraint is not currently binding. Using (4) and (6), the Euler
equation for consumption in the decentralized equilibrium becomes:
uT (t) = β(1 + r)Et uT (t + 1)

(15)

Using (12) and (13), the Euler equation for consumption for the social planner becomes:
£
¤
uT (t) = β(1 + r)Et uT (t + 1) + µsp
Ψ
t+1
t+1

(16)

Consider now a reallocation of wealth by the social planner starting from the privately
optimal allocations in the decentralized equilibrium. In particular, consider the welfare
effects of a reduction of one unit of borrowing. Because decentralized agents are at the
optimum, (15) shows that the first-order private welfare benefits β(1 + r)Et uT (t + 1) are
equal to the first-order private welfare costs uT (t). Using (16), the social planner has a
marginal cost of reducing borrowing equal to the private marginal cost, but faces higher
marginal benefits: a one unit decrease in borrowing relaxes next-period ability to borrow by
(1+r)Ψt+1 , which has a marginal utility benefit of µsp
t+1 . The uninternalized external benefits
from savings, or equivalently the uninternalized external marginal cost of borrowing, is then
given by the discounted expected marginal utility cost of tightening the credit constraint
11

β(1 + r)Et µsp
t+1 Ψt+1 . Notice that if the credit constraint does not bind for any pair (b, y)
in the two equilibria, the conditions characterizing both environments are identical and
therefore the allocations coincide.
Proposition 1 (Constrained Inefficiency) The decentralized equilibrium is not, in general, constrained efficient.
Proof : See Appendix A
3.2

Decentralization
We study the use of various financial policies in the implementation of the constrained-

efficient allocations. We start by showing how a tax on debt can restore constrained efficiency
and then show the equivalence between the tax on debt and more standard forms of intervention in the financial sector (e.g., capital requirements).
Letting τt be the tax charged on debt issued at time t, the Euler equation for bonds in
the regulated decentralized equilibrium (6) becomes:
uT (t) = β(1 + r)(1 + τt )Et uT (t + 1) + µt

(17)

Proposition 2 (Optimal tax on debt) The constrained-efficient allocations can be implemented with an appropriate state contingent tax on debt, with tax revenue rebated as a
lump sum transfer.
Proof : See Appendix A
When the credit constraint is not binding in the constrained-efficient allocations, the tax
¡
¢
must be set to τt∗ = Et µsp
Ψ
/ (Et uT (t + 1)) (variables are evaluated at the constrainedt+1
t+1
efficient allocations). This expression represents the uninternalized marginal cost of borrowing analyzed above, normalized by the expected marginal utility. As we will see in the
quantitative analysis, this tax increases with the current level of debt, since a higher current
level of debt implies a higher choice of debt, which increases the probability and the marginal
utility cost of a binding constraint next period. Notice also that if the credit constraint has
a zero probability of binding in the next period, the tax is set to zero.

12

When the credit constraint is binding, the tax does not generally influence the level of
borrowing since the choice of debt is given by the credit constraint (3) and not by the Euler
¡
¢
sp
equation (17). Setting the tax to τt∗ = β(1 + r)Et µsp
t+1 Ψt+1 − µt Ψt / (β(1 + r)Et uT (t + 1))
achieves constrained efficiency and equalizes the private and social shadow values from relaxing the constraint. Notice that an extra term arises because the social planner internalizes
that relaxing the credit constraint today would have positive effects on the current price
of nontradables. This term is negative so that the tax causes the private shadow value of
relaxing the constraint to rise to the social value. As we will show in the quantitative analysis, when the planner is borrowing up to the limit, the level of borrowing desired by private
agents is also the maximum available. As a result, we find that setting τt∗ = 0 when the
constraint binds also implements the constrained-efficient allocations, and since this results
in a simpler policy we set this tax to zero when we turn to describe its quantitative features.7
In practice, much of prudential financial regulation is implemented through banks. To
take this into consideration, we develop in Appendix B a simple model of financial intermediaries, and show that our benchmark economy, in which the planner sets a tax on debt on
borrowers, is equivalent to a economy where the planner sets capital requirements or reserve
requirements on financial institutions. Throughout the paper, we will refer to the implied
tax on debt as the increase in the cost of debt induced by the use of any of these equivalent
policy measures.
Alternatively, the planner could implement the constrained-efficient allocations using
margin requirements by choosing an adjustment θt ≥ 0 such that the credit constraint
¡
¢
N
T T
becomes bt+1 ≥ −(1 − θt ) κN pN
t yt + κ yt . If the socially optimal amount of borrowing is
¡ N N N
¢
sp
∗
T T
bsp
the social planner can restrict the quantity
t , by setting θt = 1 − (bt )/ κ pt yt + κ yt
of borrowing and restore constrained efficiency.8
Remark 2 (Decentralization) The constrained-efficient allocations can be implemented
with appropriate capital requirements, reserve requirements, or margin requirements.
7

This result held for the wide range of parameters explored in our quantitative analysis.
For this policy to restore constrained efficiency, it must be the case that b̂de (B, B, y) ≤ b̂sp (B, y) ∀(B, y),
which we will show is the case in the numerical analysis. We assume for simplicity that θ∗ is such that the
credit constraint always holds with equality in the regulated economy. In the regulated economy where
the adjustment of margins is given by θ∗ , the constraint only binds in the constrained region and in the
tax-region; hence setting θt = 0 in the no-tax region would deliver the same allocations.
8
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4

Quantitative Analysis
In this section, we describe the calibration of the model and evaluate the quantitative

implications of the externality. We solve the competitive equilibrium and the social planner’s
problems numerically using global non-linear methods described in Appendix C.
4.1

Calibration
A period in the model represents a year. The baseline calibration uses data from Ar-

gentina, an example of an emerging market with a business cycle that has been studied
extensively. The risk aversion is set at σ = 2, a standard value. The interest rate is set at
r = 4 percent, which is a standard value for the world risk-free interest rate in the DSGE-SOE
literature
We model endowment shocks as a first-order bivariate autoregressive process: log yt =
ρ log yt−1 + εt where y = [y T y N ]0 , ρ is a 2x2 matrix of autocorrelation coefficients, and
0
εt = [εTt εN
t ] follows a bivariate normal distribution with zero mean and contemporaneous

variance-covariance matrix V . This process is estimated with the HP-filtered cyclical components of tradables and nontradables GDP from the World Development Indicators (WDI)
for the 1965-2007 period, the longest time series available from official sources. Following
the standard methodology, we classify manufacturing and primary products as tradables and
classify the rest of the components of GDP as nontradables. The estimates of ρ and V are:




0.901 0.495
0.00219 0.00162


ρ=
V =
−0.453 0.225
0.00162 0.00167
The standard deviations of (HP filtered) tradable and nontradable output in the data are
σyT = 0.058 and σyN = 0.057, the first-order autocorrelations are ρyT = 0.53 and ρyN = 0.61,
and the correlation between the two is ρyT ,yN = 0.81. Thus cyclical fluctuations in the two
sectors have similar volatility and persistence, and are positively correlated with each other.
We discretize the vector of shocks into a first-order Markov process, with four grid points
for each shock, using the quadrature-based procedure of Tauchen and Hussey (1991). The
mean of the endowments are set to one without loss of generality.
The intratemporal elasticity of substitution 1/(η + 1) is a crucial parameter because it
affects the magnitudes of the price adjustment. For a given reduction in tradable consump14

Table 1: Calibration

Value
Interest rate
r = 0.04
Risk aversion
σ=2
Elasticity of substitution
1/(1 + η) = 0.83
Stochastic structure
See text
Relative credit coefficients
κN /κT = 1
Weight on tradables in CES ω = 0.31
Discount factor
β = 0.91
Credit coefficient
κT = 0.32

Source/Target
Standard value DSGE-SOE
Standard value DSGE-SOE
Conservative value
Argentina’s economy
Baseline Value
Share of tradable output=32%
Average NFA-GDP ratio = −29%
Frequency of crisis = 5.5%

tion, a higher elasticity implies a smaller change in the price of nontradables, and therefore
we should expect weaker effects from the externality. The range of estimates for the elasticity
of substitution is between 0.40 and 0.83.9 As a conservative benchmark, we set η such that
the elasticity of substitution equals the upper bound of this range and then show how the
externality changes with this parameter.
The ratio κN /κT determines the relative quality of nontradable and tradable output as
collateral. It is difficult, however, to derive a direct mapping from the data to this ratio.
We therefore take a pragmatic approach: we begin by setting κN = κT and then perform
extensive sensitivity analysis.

©
ª
The three remaining parameters are β, ω, κT , which are set so that the long-run mo-

ments of the decentralized equilibrium match three historical moments of the data. The
parameter ω governs the tradable share in the CES aggregator and is calibrated to match
a 32 percent share of tradable production.10 This approach is a reasonable one to calibrate
ω since given the relative endowment and consumption ratios, ω determines the equilibrium
price of nontradables by (5) and the share of tradables in the total value of production. This
calibration results in a value of ω of 0.32, close to the values used in the literature (e.g.
Durdu, Mendoza, and Terrones (2009) sets ω to 0.34).
The discount factor β is set so that the average net foreign asset position-to-GDP ratio
in the model equals its historical average in Argentina, which is equal to -29 percent in the

9

See Mendoza (2006), Gonzales-Rozada and Neumeyer (2003) and Stockman and Tesar (1995).
Garcia (2008) reports an average share of tradables of 32 percent using almost a century of data from
Argentina. The average share of tradables is also 32 percent in the data from WDI for the period 1980-2007.
10
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dataset constructed by Lane and Milesi-Ferretti (2001). This calibration results in a value
of β = 0.91, a relatively standard value for annual frequency in the literature.
The parameter κT is calibrated to match the observed frequency of “Sudden Stops”,
which is about 5.5 percent in the cross-country data set of Eichengreen, Gupta, and Mody
(2006).11 To be consistent with their definition of Sudden Stops, we define Sudden Stops in
our model as events where the credit constraint binds and where this leads to an increase in
net capital outflows that exceeds one standard deviation. This calibration results in a value
of κT equal to 0.32, which is in the range of those used in the literature (see Mendoza, 2002).
4.2

Borrowing Decisions
We first show how the bond accumulation decisions of the social planner differ from those

of private agents and then simulate the model to analyze how this difference affects the longrun distribution of debt, the crisis dynamics, and the unconditional second moments.
Figure 1 shows the bond decision rules in the decentralized equilibrium and in the
constrained-efficient equilibrium as a function of current bond holdings when both tradable and nontradable shocks are one-standard-deviation below trend. Since the mean value
of tradable output is 1, we can interpret all results as ratios with respect to the average
output of tradables.
Without the endogenous borrowing constraint, the policy function for next period’s bond
holdings would be monotonically increasing in current bond holdings. Instead, the policy
functions are non-monotonic. The change in the sign of the slope of the policy function
indicates the point at which the credit constraint is satisfied with equality, but is not binding.
To the right of this point, the credit constraint is slack, and bond decision rules display the
usual upward-sloping shape. To the left of this point, next-period bond holdings decrease
in current bond holdings. To see why, notice that a decrease in the current bond position
implies a reduction in tradable consumption for a given choice of next-period bond holdings
by equation (9). This in turn lowers the price of nontradables by equation (5), which
means that the level of borrowing must be reduced further to satisfy the credit constraint.
Comparing the policy functions against the 45-degree line also shows that for relatively low
11

For the case of Argentina, Eichengreen et al. includes 1989 and 2001 as Sudden Stop events, yielding a
similar frequency to the cross-country average over the sample period.
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Figure 1: Bond decision rules for negative one-standard-deviation shocks

current levels of bond holdings, the economy reduces the level of borrowing, which results in
capital outflows.
We distinguish three regions for all pairs of (b, y) according to the actions taken by the
planner in the regulated economy: a “constrained region,” a “tax region”, and a “no-tax
region.” The constrained region in Figure 1 is given by the range of b with sufficiently high
initial debt such that the credit constraint binds in the constrained-efficient equilibrium. In
this region, both private agents and the social planner borrow up to the limit, and decision
rules coincide. The long-run probability of this region is 6.2 percent for the decentralized
equilibrium, about twice as much as for the social planner.
The tax region appears shaded in Figure 1 and corresponds to the pairs of (b, y) where
the social planner would impose a tax on debt in the regulated economy. As explained above,
this is the region where households borrow enough so that the credit constraint will bind
with a strictly positive probability in the next period. Here, the social planner accumulates
uniformly higher bond holdings than households. In fact, households continue to borrow up
to the limit, over some range of current bonds for which the social planner would choose a
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lower borrowing level that monotonically increases in current bond holdings. The economy
spends about 80 percent of its time in the tax region in both equilibria.
The no-tax region is located to the right of the tax region and corresponds to the pairs
of (b, y) where the credit constraint is slack and the social planner would not impose a tax
on debt. Intuitively, the economy is relatively well-insured in this region, and the amount
of borrowing chosen does not make the economy vulnerable to a binding constraint. Here,
the differences in the bond decision rules become quantitatively smaller, but are non-zero
since different future choices of bond holdings affect current optimal choices. The social
planner spends 16 percent of the time in this region, 2 percent more than the decentralized
equilibrium.
While both the social planner and private households self-insure against the risk of financial crises, the social planner accumulates extra precautionary savings above and beyond
what households consider privately optimal. As Figure 2 shows, this implies that the ergodic
distribution of bond holdings for the decentralized equilibrium assigns a higher probability
to higher levels of debt. In fact, the decentralized equilibrium has a 15 percent chance of
carrying a larger amount of debt than the maximum held by the social planner, illustrated
by the shaded region in Figure 2.
−3

1.05

x 10

Probability

0.7

Social Planner

0.35
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0
−1

−0.95

−0.9
−0.85
Bond Holdings
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−0.75

Figure 2: Ergodic Distribution of Bond Holdings
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−0.7

Notice that the large differences in the left tail distribution of debt are not translated
into large differences in average debt levels: the average debt-to-GDP ratio is 29.2 percent
for the private economy and 28.6 percent for the social planner. What is crucial is that the
social planner reduces the exposure to debt levels that makes the economy vulnerable to a
severe financial crisis when the economy is hit by an adverse shock.
4.3

Policy Instruments
Figure 3 shows the two types of policy measures that achieve the constrained-efficient

allocations when shocks are one standard deviation below trend for different levels of current
bond holdings: panel (A) shows the effective increase in the cost of borrowing from tax-like
measures (taxes, reserve or capital requirements); panel (B) shows the adjustment in margin
requirements θ.
As explained above, for sufficiently low values of debt, the implied tax on borrowing
is zero. The tax then increases with the level of debt in the tax region, until the credit
constraint becomes binding for the social planner and the tax is set to zero. On average, the
implied tax on debt is 5.2 percent.
The adjustment to the margin requirement is also zero when the constraint is already
binding, but unlike the tax-like measures the adjustment decreases with the level of debt
outside the constrained region. This arises because, as the level of debt increases, the excess
debt capacity is reduced, thereby requiring a smaller adjustment in the margin requirement
to reduce the gap and socially desired amount of borrowing. On average, the margin is tight-
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Figure 3: Policy Instruments for negative one-standard-deviation shocks
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ened by 9 percent in the tax-region, which implies that the effective fraction that agents can
borrow from their income is reduced from 0.32 to 0.29 in the regulated economy.
4.4

Financial Crises: Incidence and Severity
In this section, we establish that overborrowing in the decentralized equilibrium leaves

the economy vulnerable to more frequent and more severe financial crises. Using the policy
functions of the model, we perform an 80,000-period stochastic time series simulation of the
decentralized and constrained-efficient equilibrium and use the resulting data to study the
incidence and severity of financial crises. A financial crisis event is defined as a period in
which the credit constraint binds, and in which this leads to an increase in net capital outflows
that exceeds one standard deviation of net capital outflows in the ergodic distribution of the
decentralized economy. (Results are similar with alternative definitions of a crisis event.)
Two important results emerge from the event analysis. First, crises in the decentralized
equilibrium are much more likely: the long-run probability of crises is 5.5 percent (versus
0.4 percent for the social planner). Thus, by reducing the amount of debt, the social planner
cuts the long-run probability of a financial crisis more than tenfold.
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Figure 4: Conditional distribution of impact effect of financial crises on consumption
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Second, the magnitudes of financial crises are substantially more severe because of the
externality. Figure 4 shows the distribution of the response of the consumption basket on
impact during financial crises for the two equilibria, expressed as a percentage deviation
from the average long-run value of consumption. This figure shows that the decentralized
equilibrium assigns non-trivial probabilities to consumption drops of more than 22 percent,
while such a fall in consumption is a zero probability event in the social planner’s allocations.
Drops in the real exchange rate and capital inflows are also more pronounced because
of the externality. Table 2 compares the responses of these variables during the median
financial crisis under the decentralized equilibrium with the economy’s response under the
constrained-efficient allocations, conditional on the social planner having the same level of
debt two periods before such crisis and receiving the same sequence of shocks.12
In this experiment, we find that while the credit constraint also becomes binding for
the social planner at time t, the impact of the adverse shocks is less severe: consumption
falls 10 percent (versus 17 percent for the decentralized equilibrium), the current account
does not increase (versus an 8 percent increase for the decentralized equilibrium), and the
real exchange rate depreciates 1 percent (versus 20 percent for the decentralized equilibrium).13 Notice that since the initial level of debt and the sequence of shocks are the same for
the two equilibria, the difference in the impact of crises is entirely due to the more prudent
Table 2: Severity of Financial Crises
Decentralized Equilibrium

Social Planner

-16.7
7.8
19.2

-10.1
0.0
1.1

Consumption
Current Account-GDP
Real Exchange Rate

Note: Consumption and the Real Exchange Rate are responses
on impact expressed as percentage deviations from averages in
the corresponding ergodic distribution.
12
More precisely, we first define the median financial crisis in the decentralized as the period with the
median current account reversal considering all the crisis episodes in the decentralized equilibrium. Then
we backtrack the initial level of debt two periods before this episode and the sequence of shocks that hit the
economy at time t − 2, t − 1, and t. Given this initial level of debt at t − 2 and the sequence of shocks, we
then use the decision rules of the constrained-efficient allocations to simulate the economy and compare the
impact effects at time t with the impact effects in the decentralized equilibrium median crisis.
h
¡ ¢η/(1+η) i−(1+η)/η
13
implying a one-toWe define the real exchange rate as ω 1/(1+η) + (1 − ω)1/(1+η) pN
one negative relationship between the price of nontradables and the real exchange rate.
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behavior of the social planner during the periods preceding the crisis, which makes the
required adjustment following an adverse shock less severe.
4.5

Second Moments
Table 3 compares the unconditional second moments for decentralized and constrained-

efficient equilibria, which are computed using each economy’s ergodic distribution, and for
the Argentinian data. It is apparent that the externality produces non-trivial effects on the
volatility of consumption, capital flows, and especially the real exchange rate. Two reasons
for this are that, first, the economy spends most of the time in the tax-region where the
bond accumulation decisions differ significantly; and second, the decentralized equilibrium
experiences financial crises with a 5.5 percent probability, which is more than 10 times larger
than that of the social planner.
Table 3: Second Moments
Decentralized
Equilibrium

Social
Planner

Data

Standard Deviations
GDP
Consumption
Consumption in units of Tradables
Real Exchange Rate
Current Account-GDP
Trade Balance-GDP

8.4
5.9
10.1
7.5
2.8
2.9

5.8
5.3
6.0
3.4
0.6
0.7

12.2
6.2
15.5
13.8
3.6
2.4

Correlation with GDP
Consumption in units of Tradables
Real Exchange Rate
Current Account-GDP
Trade Balance-GDP

0.99
-0.79
-0.76
-0.77

0.84
-0.43
-0.05
-0.22

0.84
-0.47
-0.46
-0.77

Note: GDP is measured in units of tradables. Data is annual from WDI
and IFS for Argentina from 1965-2007.

Table 3 also shows that the model accounts reasonably well for observed business cycle
moments for Argentina, in line with previous studies. Moreover, it is apparent that the
externality is important in accounting for two key regularities in the emerging market business cycle: the high volatility of consumption and the strong procyclicality of capital flows
(see e.g. Kaminsky, Reinhart, and Vegh, 2004). The constrained-efficient equilibrium cannot account for these two stylized facts. This occurs because the social planner accumulates
22

sufficiently large precautionary savings to make large reversals in capital flows a much lower
probability event compared to the decentralized equilibrium.
4.6

Welfare Effects
We compute the welfare gains from correcting the externality as the proportional in-

crease in consumption for all possible future histories in the decentralized equilibrium that
would make households indifferent between remaining in the decentralized equilibrium (without government intervention) and correcting the externality. These calculations explicitly
consider the costs of a lower consumption in the transition to the constrained-efficient allocations. Because of the homotheticity of the utility function, the welfare gain γ at a state
(b, y) is given by:
(1 + γ (b, y))1−σ V de (b, y) = V sp (b, y)

(18)

The welfare gains from correcting the externality are shown in Figure 5 as a function of
current bond holdings, for negative, one standard deviation endowment shocks. Notice the
parallel between the welfare effects and the three regions described in Figure 1, which gives
the welfare gains from correcting the externality a hump shape. In the constrained region,
the borrowing decisions coincide; therefore, the welfare gains only arise from how future
allocations will differ. In the tax region, because the social planner acts in a significantly
more precautionary way, the welfare gains increase. In the no-tax region, where financial
crises are less likely, borrowing decisions are similar in the two equilibria and welfare gains
are smaller.
On average, the welfare gains from correcting the externality are 0.135 percent of permanent consumption, consistent with the well-known result that the welfare cost of business
cycles is typically small. Even if the planner does not introduce additional securities that
partially complete the market, welfare gains are still larger than the benefits from introducing
asset price guarantees (Durdu. and Mendoza, 2006) or the benefits from introducing indexed
bonds (Durdu, 2009), often suggested as policies to address Sudden Stops (Caballero, 2002).
We see these welfare gains of correcting the externality as a lower bound. First, the supply
side of the economy is the same for both equilibria. If financial crises distort the efficient
use of production resources, correcting the externality could deliver higher welfare gains.
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Figure 5: Welfare gains from correcting externality for negative one-standard-deviation shocks

Second, the risk we have considered is only aggregate; Chatterjee and Corbae (2007) shows
that the welfare gains of eliminating the possibility of a crisis state can be as large as 7
percent of permanent consumption when considering idiosyncratic risk.
4.7

Simple forms of intervention:
Decentralizing the social planner’s allocations requires a state-contingent policy that

might be challenging to implement in practice. Therefore, we also investigate if more simple
forms of intervention can take the economy close to the second-best. In particular, we
find that a fixed tax on debt induces welfare gains that are quite close to the second-best
solution. The optimal fixed tax is 3.6 percent, which is about 70 percent of the average of
the state-contingent tax, and achieves 62 percent of the welfare gains from implementing the
constrained-efficient allocations. This fixed tax cuts by more than half the probability of a
crisis. Allowing the tax to drop to zero when the credit constraint binds in the regulated
economy or in the constrained region, delivers about the same welfare gains as the fixed tax.
By contrast, a fixed tightening in margins across all states of nature delivers welfare
losses. This is intuitive given that tightening margins when the constraint is already binding
delivers significant welfare losses, which outweigh the benefits from a lower average amount
of debt. Tightening margins outside the constrained region only, however, does generate
welfare gains, albeit smaller gains than a fixed tax on borrowing.
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4.8

Sensitivity Analysis
In this section, we examine the sensitivity of our results to alternative calibrations. Figure

6 shows how the average welfare effects and the optimal average tax on debt vary with some
key parameters. Appendix C includes results from changing all parameter values and details
of the sensitivity analysis.
We can gain a better understanding of the results by analyzing the externality term
µsp
t Ψt , which is the wedge between the social shadow value of wealth and the private shadow
N
T
value of wealth. Recalling that Ψt ≡ κN (pN
t ct )/(ct ) (1 + η) , we have that the fraction

of nontradable output that can be collateralized, the size of the nontradable sector and
the elasticity of substitution are the key parameters determining the price effects in the
externality term.
To arrive to a unit free measure of how the different parameters affect the price responses,
we decompose the effects of the different parameters in terms of elasticities. Two elasticities
are crucial for determining the price effects on the borrowing capacity. First is the elasticity
that measures how much the depreciation of nontradables tightens the borrowing constraint.
Second is the elasticity that measures how much nontradables depreciate as a result of an
increase in debt service. Denoting the borrowing limit by ∆ ≡ κN pN y N + κT y T , debt service
by DS ≡ b(1 + r) − b0 , and the elasticity of y with respect to x by εy,x , we can decompose
the elasticity of the borrowing limit with respect to debt service as the product of these two
elasticities:14

¶µ
¶
DS
pN y N
(η + 1) T
=
y T + pN y N
y − DS
|
{z
}|
{z
}
µ

ε∆,DS

ε∆,pN

(19)

εpN ,DS

In the baseline calibration,ε∆,pN = 0.65 and εpN ,DS = 0.40 at the median crisis in the
decentralized equilibrium. That is, a reduction in the debt service of 1 percent would mitigate
the drop in the price of nontradables during a median crisis by 0.40 percent (and the real
exchange rate by 0.22 percent) and in turn this would increase the borrowing capacity by
0.40∗ 0.65 = 0.26 percent.

14

This formula yields as a result of applying the definition of ∆ and DS, the three elasticities and using
Ψ = −(∂∆)/(∂DS).
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It is clear from (19) that the elasticity of substitution 1/(1 + η) between tradables and
nontradables is a key determinant of how much the real exchange rate depreciates as a
result of an increase in debt service: a lower elasticity implies that a given decrease in
tradables consumption requires a greater adjustment in the real exchange rate to equilibrate
the market. Moreover, increases in the level of debt service lead to a larger depreciation
in the real exchange rate all else equal. While the elasticity of substitution in our baseline
calibration is at the high end of the range of existing estimates, Panel A of Figure 6 shows
that a smaller elasticity of substitution increases the optimal average tax on debt and the
welfare benefits of correcting the externality. While in theory the overborrowing distortion
is present for any finite value of the elasticity, Panel A also shows that in practice, the
allocations of the social planner and the decentralized equilibrium become almost identical
for values of the elasticity greater than 4.
The elasticity decomposition also shows that for low shares of the nontradable sector,
a depreciation of the real exchange rate has smaller effects on the borrowing capacity. By
adjusting ω to reduce the equilibrium share of the nontradable sector, Panel B in Figure 6
shows that this is reflected in lower effects from the externality.
We next study changes in κT and κN . It is reasonable to argue that in the presence of debt
denominated in units of tradable, creditors may be less willing to accept nontradable income
as collateral. We explore this idea by varying the values of κN and κT such that κN = cκT
for c < 1 and such that the long-run average of κN pN y N + κT y T remains as in the baseline
calibration. As Panel (D) in Figure 6 shows, the effects of the externality remain significant
even if the quality of nontradable collateral is half of the quality of tradable collateral, i.e.
when c = 0.5. In fact, crises in the decentralized equilibrium are 3.5 times more likely and
significant differences remain in the severity of these episodes.
In Panel (C) we set κT = κN = κ and vary the value of κ. Notice that there are two
opposing effects from an increase in κ. On one hand, since κ scales up the price effects in the
externality term, we should expect higher effects from the externality. On the other hand,
increasing κ makes the credit constraint less likely to bind, thereby reducing the externality.
As Panel (C) shows, a relatively higher κ increases the externality.
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Figure 6: Sensitivity Analysis: Welfare and Implied Tax (in Percentage)

The other component of the externality term is the shadow value from relaxing the credit
constraint µ. While it is not possible to derive an analytical expression for µ, for a given state
µ should be positively related to the household’s share of tradables in the utility function,
and the inverse of the intratemporal and intertemporal elasticity of substitution, because
these parameters affect the utility cost from a large drop in tradable consumption; µ should
also depend on the discount factor and the interest rate, because these parameters affect the
household’s impatience and its willingness to borrow.
We extend the model by allowing for production in the nontradable sector with intermediate inputs, as in Durdu et al. (2009). Specifically, firms use intermediate inputs m to produce
α
nontradables with a technology such that yt = At mαt . Firms maximize pN
t Amt − pm mt and

redistribute profits to households, whose income is now given by the endowment of tradables
plus profits. Since a binding credit constraint induces a depreciation of nontradables, this
feature generates a drop in the value of the marginal product of imported inputs, and therefore a drop in the production of nontradables during financial crises. As a result, since crises
in the decentralized equilibrium generate a larger depreciation, the externality generates a
larger drop in both tradable and nontradable consumption. Setting α = 0.10 in line with
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Goldberg and Campa (2010) and re-calibrating the rest of the parameters, we find that this
extension generates larger differences in the incidence of crises but overall effects remain very
similar.15
Overall, the sensitivity analysis suggests that overborrowing creates significant distortions
for plausible parameterizations. Only when the probability of a binding credit constraint
becomes negligible or when debt deflation effects are very weak do we find that the effects
of overborrowing are insignificant.

5

Policy Remarks
The new paradigm in financial regulation stresses the need for a macroprudential ap-

proach to consider how actions of individual market participants can destabilize macroeconomic conditions with adverse effects over the whole economy (see e.g. Borio 2003). The
analysis presented here suggests that overborrowing externalities have a large enough quantitative impact on welfare to justify macroprudential regulation. It is worth noting that
correcting these externalities does not eliminate the possibility of financial crises in our simulations, but the incidence and severity of crises are considerably reduced under regulation.
This is consistent with the constrained notion of efficiency that we consider in our analysis:
the social planner is subject to the same financial frictions as the decentralized economy, so
that regulation does not fully eliminate the financial accelerator effects that arise when a
negative shock triggers the credit constraint.
In the context of the debate on financial globalization, there is a view that a Tobin-style
tax can help smooth the boom-bust cycle caused by sharp changes in access to credit in
emerging markets. A recent “IMF Staff Position Note” by Ostry et al. (2010) emphasizes
the benefits experienced by emerging markets from the recent use of reserve requirements,
although some controversy remains in the literature. Our paper contributes to this debate
by undertaking a quantitative investigation of how curbing external finance can deliver a
reduction in the vulnerability to financial crises while still allowing an economy to reap the
benefits of access to global capital markets. At the same time, fostering the development
15

We continue to assume that in the constrained-efficient allocations the social planner makes borrowing
decisions, while households choose consumption allocations and firms choose intermediate inputs. This yields
an identical decentralization to the endowment economy model where a tax on debt is sufficient to achieve
constrained efficiency.
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of financial markets could also generate significant welfare gains by improving risk sharing
and addressing the root of the externality, i.e., the credit constraint. To the extent that the
degree of financial development remains incomplete, our results suggest that there is a scope
for “throwing sand in the wheels of international finance.”

6

Conclusions
This paper investigates a systemic credit externality that magnifies the incidence and

severity of financial crises. Households accumulate precautionary savings to smooth consumption during the cycle, but they fail to internalize the systemic feedback effects between
borrowing decisions, the real exchange rate, and financial constraints. By reducing the
amount of debt ex-ante, a social planner mitigates the downward spiral in the exchange rate
and in the borrowing capacity during a crisis, thereby improving social welfare.
The key contribution of this paper is its quantitative analysis of this externality: we analyze the effects on financial crisis dynamics and welfare, and the policy measures needed to
correct this externality. Our main conclusion is that there is much to gain from introducing
macroprudential regulation. Correcting the credit externality reduces the long-run probability of a financial crisis more than ten times (from 5.5 percent to 0.4 percent) and reduces
the consumption drop during a typical crisis by 7 percentage points (from 17 percent to 10
percent).
On the policy side, we show that several regulatory measures commonly used to maintain
financial stability can achieve the constrained-efficient allocations. These measures effectively
impose an increase in the cost of borrowing whenever there is a positive probability of
a crisis, but before the crisis materializes so that the economy becomes less vulnerable
to future adverse shocks. While these policies are equivalent in the model, in practice
there are different costs and benefits associated with their actual implementation. We also
acknowledge that the actual implementation of these policies is a challenging task, but we
also show that simple interventions such as a fixed tax on debt yields sizable welfare gains.
Within our framework, incorporating capital accumulation and specifying a richer supply
side of the economy would be important to extend the quantitative analysis. There are also
other natural extensions of our work. While our externality stems from a feedback loop
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between the real exchange rate and financial constraints, our results suggest that pecuniary
externalities resulting from a similar mechanism involving other relative prices might play
a quantitatively important role as well. For example, it would be interesting to study a
similar externality involving asset prices and economic activity. Another direction for future
research would be to study the role for macroprudential regulation in a setup with an explicit
role for financial intermediation, as in for example Gertler and Karadi (2009). These issues
remain for future research.
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Appendix A: Proofs
A.1. Proof of Proposition 1 (Constrained Inefficiency)
This is a proof by contradiction. Suppose the decentralized equilibrium yields the same
allocations as the constrained-efficient allocations. Then, we can combine (4) and (12),
yielding:
sp
sp
λde
t = λ t + µt Ψ t

(20)

where we denote with superscript ‘sp’ the Lagrange multipliers of the social planner and
with ‘de’ those of the decentralized equilibrium. Updating this equation one period forward
and taking conditional expectations at time t:
sp
sp
Et λde
t+1 = Et λt+1 + Et µt+1 Ψt+1

(21)

¡
¢
Suppose that at time t̃, bt̃+1 > κ pt̃ yt̃N + yt̃T . Combining (6),(7),(13), and (14) we obtain:
sp
Et̃ λde
t̃+1 = Et̃ λt̃+1

(22)

If at time t̃+1 the credit constraint binds with positive probability, comparing (22) and
(21) yields a contradiction.

¥

A.2. Proof of Proposition 2 (Optimal tax on debt)
This a proof by construction. Combining the optimality conditions for the social planner
(12) and (13) yields:
sp
uT (t) = β(1 + r)Et (uT (t + 1) + µsp
t+1 Ψt+1 ) + µt (1 − Ψt )

(23)

First, notice that the constrained-efficient allocations are characterized by stochastic
©
ª
sp
N
sequences cTt , cN
such that the following conditions hold: (5),(8),(9),(14),
t , bt+1 , pt , µt
t≥0
(23) and µsp
t ≥ 0.
Second, the decentralized equilibrium allocations with taxes on debt are characterized by
©
ª
N
stochastic sequences cTt , cN
t , bt+1 , pt , µt , τt , Tt t≥0 such that the following conditions hold:
(5),(7),(8),(9),(17), Tt = bt (1 + r)τt−1 and µt ≥ 0.
¡
¢
sp
Defining the tax as τt∗ = β(1 + r)Et µsp
t+1 Ψt+1 − µt Ψt / (β(1 + r)Et uT (t + 1)) and redistributing the proceeds lump sum yields that the conditions characterizing the decentralized equilibrium with the specified tax on debt are identical to those characterizing the
constrained-efficient allocations.

¥
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Appendix B: An Equivalence Result
We show in this appendix that the constrained-efficient allocations can be decentralized with
regulatory measures directed to the banking sector. Consider the following simple model.
Banks make loans to households at rate rL and impose the constraint (2) to guarantee
repayment. Banks finance these loans by accepting deposits from the rest of the world at
rate r and issuing equity in the domestic markets. We assume that the required return
on equity re is higher than the rate on deposits, i.e. re > r. This could be the outcome
of moral hazard or tax disadvantages on equity, but we abstract from explicitly modeling
this relationship. Financial intermediation is costless. Banks last for one period, and every
period new banks are set up with free entry into banking.
Without any regulation or any other frictions, banks would finance loans only with deposits, and the resulting equilibrium would be equivalent to the decentralized equilibrium.
We introduce two regulatory measures. First, the planner imposes capital requirements:
banks are required to finance a fraction γ of their assets with equity. Second, the planner
imposes reserve requirements: banks are required to hold a fraction φ of deposits in the form
of unremunerated reserve. Thus the banks’ balance sheets become:
Assets
b
f

Liabilities
Loans
d
Reserve requirements e

Deposits
Equity

The objective of the bank is static and consists of maximizing shareholder value, net of
the initial equity investment:
max b(1 + rL ) + f − d(1 + r) − e(1 + re )

b,f,e,d

subject to
f ≤d+e
f ≥ φd
e ≥ γ(b + f )
Given that holding reserves and capital is privately costly, banks do not hold excess reserves
or excess capital. In equilibrium, the return from assets must be equal to the return on
liabilities, i.e., rL (1 − φ(1 − γ)) = γre + (1 − γ)r. Therefore, by setting (φt , γt ) such that
(1 + rtL ) = (1 + r)(1 + τt∗ ), the social planner can raise the cost of borrowing and induce
agents to hold the socially optimal amount of debt. Assuming only capital requirements are
used yields: γt = (τt∗ (1 + r))/(re − r). When only reserve requirements are used, this yields:
φt = (τt∗ (1 + r))/(r(1 + τt∗ ) + τt∗ ).
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Appendix C: Sensitivity Analysis
We continue here the sensitivity analysis presented in the body of the paper. We discuss
separately the effects of varying each of the parameter values of the model, using the analysis
of the externality term and the elasticity decomposition studied in the body of the paper.
The main quantitative results of all experiments are shown in Table 4. The table shows
for each experiment the average welfare loss, the average implied tax on debt, the relative
volatility of consumption, the probability of a financial crisis for the decentralized equilibrium
and constrained-efficient allocations, and the effects of a median crisis in consumption, the
real exchange rate and the current account for the two equilibria.
Discount Factor (β).— An increase in the discount factor leads to a shift of the distribution of bond holdings towards a lower amount of debt, leading to less frequent binding
constraints and causing the distribution of the externality term to concentrate higher probability in a region where its value is zero. This effect leads to smaller effects from the
externality. There is an opposite effect from an increase in the discount factor. Recall that
the maximum welfare gains from the externality arise in relatively tranquil times because
of the reduction in future vulnerability to financial crises. Hence, a higher discount factor
makes the economy value relatively more the benefits from a reduction in future variability,
which should lead to higher welfare effects from correcting the externality. Quantitatively,
we find that the first effect is more important. Increasing the discount factor by 0.02 reduces
the average implied tax on debt to 3.3 percent, although large differences remain in the
probability of financial crises: the probability of a crisis is 0.2 percent for the social planner
and 4.1 percent for the decentralized equilibrium.
Interest Rate (r).— An increase in the interest rate has effects similar to an increase in
the discount factor since both reduce the willingness to borrow and shifts the economy away
from binding constraints. For a given amount of debt, however, a higher interest rate implies
an increase in the debt service, which causes a larger depreciation of the real exchange rate.
Quantitatively, we find that increasing the interest rate 100bps reduces the implied tax on
debt from 5.2 percent to 4.4 percent, but the effects on the incidence and severity of financial
crises remain very similar.
Risk Aversion (σ).— An increase in the risk aversion implies a higher disutility from
consumption variability. This implies that a large drop in consumption generates a higher
shadow value from relaxing the credit constraint at a given state where the constraint binds;
therefore, this yields a higher externality term. At the same time, an increase in risk aversion
makes both the social planner and private agents accumulate more precautionary savings
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making the constraint less likely to bind and shifting away the distribution of the externality
term towards zero. Quantitatively, as shown in Table 4, we find that the effects of the
externality decreases (increases) modestly when we consider σ = 5 (σ = 1).
Independent shocks.— We model tradable and nontradable endowment shocks as independent AR(1) processes and analyze the effects over the externality. When shocks are
correlated, both tradable and nontradable shocks typically fall during financial crises. The
fact that nontradables fall, however, mitigates the fall in the price of nontradables and the
tightening of financial constraints. This channel suggests that making the two shocks independent should reduce the effects of the externality. There is another channel, however, by
which making the shocks independent causes the externality to have higher effects. For the
baseline calibration, the risk aversion and the elasticity of substitution between tradables and
nontradables are such that tradable and nontradable goods are Edgeworth substitutes. As
a result, a fall in the endowment of nontradables when the credit constraint binds, increases
the marginal utility from tradable consumption, which increases the desire to borrow and
increases the shadow value from relaxing the credit constraint. Quantitatively, we find that
the effects over the shadow value from relaxing the credit constraint are stronger than those
affecting the price effects, so that the differences in severity of financial crises become even
stronger.
Volatility and Persistance (Cov(ε)).— An increase in the volatility of endowment shocks
increases the severity of financial crises, in terms of the amplification effects and the disutility
cost from a binding constraint. This effect increases the externality term. At the same time,
private agents have an incentive to increase relatively more precautionary savings in response
to the increase in volatility. This occurs because the concavity of the utility function implies
that a given increase in variability is more costly in the decentralized equilibrium compared
to the constrained-efficient allocations. In fact, when we vary simultaneously the volatility of
the shocks to the endowment processes by 15 percent, we find that the externality decreases
modestly with a higher volatility.
An increase in persistence leads to a higher probability of financial crises for a given level
of precautionary savings although it does not alter the size of the shocks and the severity of
financial crises. When we vary the autocorrelation of the endowment shocks by 15 percent,
we find that a higher autocorrelation is associated with larger effects from the externality.
In fact, the experiment with higher autocorrelation yields larger differences in the incidence
and severity of financial crises, and this leads to larger welfare effects.
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Elasticity of Substitution(1/(1 + η)).— As explained in the paper, the elasticity of substitution between tradables and nontradables determines the debt service elasticity of the
real exchange rate, which is in turn a key component of the externality term. Moreover, the
elasticity of substitution also affects the incentive to accumulate precautionary savings: the
lower the elasticity of substitution the higher the disutility from drops in consumption during
financial crises. This second channel is similar to the increase in the risk aversion, but we
find that the channel affecting directly the price effects are quantitatively more important.
Share of tradables (ω).— As explained in the paper, the weight of tradables in the utility
function determines the borrowing limit elasticity of the real exchange rate and is key for
the effects on the externality. There is another effect of this parameter. A higher share of
tradables in the utility function implies that large drops in tradables consumption during
financial crises are more costly, causing an increase in precautionary savings. As explained
before, this second channel becomes qualitatively ambiguous, but we find that the price
effects, which unambiguously increase the externality, are more significant.
Credit Coefficient (κ).— We set κT = κN = κ. An increase in κ has two effects. First, it
increases directly the externality term, because for a given drop in the price of nontradables
the effects over the borrowing ability are directly proportional to κ. Second, it makes the
constraint less likely to bind, hence reducing the effects of the externality. On one hand, when
κ is 0, there is no borrowing; therefore an increase in κ raises the effects of the externality.
On the other hand, for a very large κ, the credit constraint never binds and there are
no effects from the externality in the long run. Quantitatively, we find that increasing κ
from 0.32 to 0.36 increases the welfare effects of the externality to 0.22 percentage points
of permanent consumption. In addition, consumption during a median crisis drops almost
three times as much in the decentralized equilibrium compared to the constrained-efficient
equilibrium. Reducing κ to 0.28 reduces also slightly the effects of the externality but crises
in the decentralized equilibrium remain ten times more likely than in the constrained-efficient
equilibrium.
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Table 4: Sensitivity Analysis
Severity of Financial Crises
Probab. Crisis

Consumption

RER

Current Account

Welfare

Tax on Debt

σcde /σcsp

DE

SP

DE

SP

DE

SP

DE

SP

baseline

0.13

5.2

1.13

5.5

0.4

-16.7

-10.0

19.2

1.1

7.9

0.0

β = 0.93

0.08

3.3

1.08

4.1

0.2

-13.0

-9.2

17.6

7.7

5.8

1.3

β = 0.89

0.19

7.3

1.18

6.4

0.4

-17.9

-10.0

22.1

1.0

9.5

-0.2

r = 0.05

0.11

4.4

1.11

4.7

0.3

-16.1

-10.2

17.6

1.3

6.9

-0.1

r = 0.03

0.16

6.0

1.16

6.0

0.4

-17.3

-10.1

20.7

1.1

8.8

-0.1

σ=5

0.11

4.7

1.06

2.4

0.2

-12.8

-7.9

17.2

4.3

5.5

-0.2

σ=1

0.15

5.3

1.21

6.4

0.4

-19.4

-10.1

25.7

1.1

11.6

-0.1

Independent shocks

0.15

5.0

1.2

4.9

0.3

-12.4

-2.2

35.4

14.7

13.0

1.0

Volatility ε (15 % less)

0.17

5.3

1.21

4.9

0.0

-18.9

-10.1

23.9

0.2

10.9

-0.1

Volatility ε (15 % more)

0.13

5.0

1.10

5.5

0.4

-10.5

-6.5

15.3

5.1

6.6

2.1

Autocorrelation ε (15 % less)

0.12

5.1

1.12

6.0

0.4

-15.4

-9.6

17.4

1.6

6.7

-0.2

Autocorrelation ε (15 % more)

0.16

5.2

1.17

4.9

0.1

-18.6

-10.5

23.0

1.2

10.0

0.0

κ = 0.36

0.21

5.9

1.15

4.3

0.4

-14.5

-5.6

28.0

7.3

10.4

0.0

κ = 0.28

0.09

4.7

1.10

6.4

0.6

-13.5

-8.2

18.9

5.1

6.5

0.3

ω = 0.34

0.08

4.4

1.11

6.5

0.9

-13.8

-9.9

17.2

8.5

6.6

2.0

ω = 0.29

0.22

5.8

1.14

4.1

0.0

-22.3

-10.2

35.6

1.6

15.9

0.0

1/(η + 1) = 1.0

0.07

4.3

1.10

7.7

1.3

-9.8

-6.3

12.7

4.9

6.3

2.3

1/(η + 1) = 0.7

0.19

5.8

1.15

4.5

0.5

-17.0

-8.0

30.0

5.2

11.2

0.0

Intermediate inputs

0.14

5.4

1.10

5.5

0.3

-15.4

-9.0

19.5

3.4

6.4

0.0

κN /κT = 0.5

0.04

3.8

1.08

7.0

2.0

-17.1

-13.8

11.4

1.9

5.3

0.0

Note: ‘DE’ represents the decentralized equilibrium,‘SP’ represents the social planner. Tax on debt is the unconditional average of the optimal tax
on debt. Welfare represent the unconditional average of the welfare gains from correcting the externality. σcde /σcsp represent the relative volatility in
consumption. Tax on debt, welfare and the probability of a crisis are expressed in percentage. Consumption, real exchange rate (RER) are expressed
as percentage deviations from long run values. Current account is measured over GDP. See section 4.4 for a description in the comparison in the
severity of financial crises.

Appendix D: Numerical Solution Method for Competitive Equilibrium
The computation of the competitive equilibrium requires solving for functions
B(b, y), P N (b, y),C T (b, y) such that:
µ
N

P (b, y) =

1−ω
ω

¶µ

C T (b, y)
yN

¶η+1
(24)

uT (C T (b, y), y N ) ≥ β(1 + r)Ey0 /y uT (C T (B(b, y), y 0 ), y N 0 )
(25)
¡
¢
B(b, y) ≥ −κ P N (b, y)y N + y T
with = if (25) holds with strict inequality
(26)
T

T

B(b, y) + C (b, y) = b(1 + r) + y
(27)
h ¡
¢−η
¡ N ¢−η i− η1
T
N
T
where uT (C (b, y), y ) = uC (C(b, y))CT (b, y), C(b, y) = ω C (b, y)
+ (1 − ω) y
and y = (y T , y N ).
The algorithm employed to solve for the competitive equilibrium is based on the time
iteration algorithm modified to address the occasionally binding endogenous constraint. The
algorithm follows these steps:16
1. Generate a discrete grid for the economy’s bond position Gb = {b1, b2 , ...bM } and the
shock state space GY = {y1, y2 , ...yN } and choose an interpolation scheme for evaluating
the functions outside the grid of bonds. We use 800 points in the grid for bonds and
interpolate the functions using a piecewise linear approximation.
N
T
2. Conjecture PK
(b, y), BK (b, y), CK
(b, y) at time K ∀b ∈ Gb and ∀y ∈ GY .

3. Set j = 1
N
T
4. Solve for the values of PK−j
(b, y), BK−j (b, y), CK−j
(b, y) at time K−j using (24),(25),(26),(27)
N
T
and BK−j+1 (b, y), PK−j+1
(b, y), CK−j+1
(b, y), ∀b ∈ Gb and ∀y ∈ GY :

¢
¡ N
T
(b, y) from (27)
(a) Set BK−j (b, y) = −κ PK−j+1
(b, y)y N + y T and compute CK−j
(b) Compute
0

T
T
U = uT (CK−j
(b, y), y N ) − β(1 + r)Ey0 /y uT (CK−j
(BK−j (b, y), y 0 ), y N )

(c) If U > 0, the credit constraint binds; move to (e).
16

For the social planner’s allocations, we use a standard value function iteration algorithm.
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T
(d) Solve for BK−j (b, y), CK−j
(b, y) using (25) and (27) with a root finding algorithm.
³
´
T
¡ 1−ω ¢ CK−j
(b,y) η+1
N
(e) Set PK−j (b, y) = ω
yN

5. Evaluate convergence. If supb∈Gb ,y∈GY kxK−j (b, y)−xK−j+1 (b, y)k < ε for x = B, C T , P N
we have found the competitive equilibrium. Otherwise, set xK−j (b, y) = αxK−j (b, y) +
(1 − α)xK−j+1 (b, y) and j Ã j + 1 and go to step 4. We use values of α close to 1.
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