
Regulating Capital Flows to Emerging Markets:
An Externality View

Anton Korinek∗

University of Maryland

May 2010

Abstract

This paper provides welfare theoretic foundations for risk-adjusted capital
flow regulations based on a standard class of macroeconomic models of financial
crises that exhibit financial amplification dynamics. We show that during crisis
episodes when such amplification effects are triggered, decentralized agents do
not internalize that capital outflows are magnified through a systemic feedback
cycle of depreciating exchange rates, tightening financial constraints, and declin-
ing aggregate demand, akin to Fisher’s process of debt deflation. As a result,
agents undervalue the social cost of repayments in crisis states and take on too
much systemic crisis risk in their ex ante financing decisions. We construct an
externality kernel that captures the state-contingent magnitude of systemic ex-
ternalities of outflows. Constrained social efficiency can be restored by imposing
Pigovian taxes on capital inflows that can be calculated as the product of the ex-
ternality kernel times the state-contingent vector of payoffs of the respective type
of financial instrument. We develop a sufficient statistics method to quantify the
externalities imposed by different categories of capital flows. Using historical data
from Indonesia, we find that optimal Pigovian taxes range from approximately
zero for FDI flows to 1.54% for foreign currency-denominated debt.
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1 Introduction

In the aftermath of the 2008/09 global financial crisis, emerging market economies
around the world have experienced a resumption of strong capital inflows, as their
growth prospects appeared superior to those of the industrialized world. This has
led to renewed concern among academics and policymakers that the strong boom in
capital inflows would create financial fragilities in emerging economies that could lead
to a painful bust when global appetite for investment in such economies reversed. As a
consequence, a number of countries, including Brazil and Taiwan, have recently enacted
restrictions on capital inflows.1

In standard neoclassical models (see e.g. Obstfeld and Rogoff, 1996) there is no
role for restrictions on capital flows, since free international capital markets allow poor
countries to increase their capital stock and insure against idiosyncratic shocks, thereby
raising growth and reducing consumption volatility. However, Gourinchas and Jeanne
(2006) point out that in a calibrated version of a neoclassical model, the welfare ben-
efits of financial integration are actually quite small. Furthermore, empirical evidence
such as Reinhart and Reinhart (2008) suggests that capital inflows to emerging market
economies often create financial vulnerabilities that both increase consumption volatil-
ity and hurt growth prospects.

A number of academics, including Bhagwati (1998), Rodrik (1998) and Stiglitz
(2002) have used such observations to argue against financial market liberalization.
They pointed out that the welfare theorems that underlie the case for capital market
liberalization only hold in economies that suffer from no other distortions. In emerging
market economies that are rife of market imperfections, restrictions on capital accounts
may be an optimal policy in a second-best sense. However, this literature did not
provide a detailed economic mechanism that would explain why the decentralized equi-
librium in such an economy would be inefficient, and what exact forms of regulation
would be warranted.

This paper sets out to provide welfare theoretic foundations to this question. We
analyze the constrained efficiency of the financing and risk-taking decisions of private
agents in emerging market economies that are prone to financial crises. We describe
financial crises as situations in which financial amplification dynamics arise and a feed-
back cycle of depreciating exchange rates, tightening financial constraints, and declining
aggregate demand is triggered, akin to Fisher’s process of debt deflation.2

Our main finding is that rational private agents do not optimally solve the trade-off
between the benefits of foreign capital and the risks of financial crises because of a

1See e.g. “Capital inflows create dilemma,” Financial Times, US edition, Apr. 21, 2010, p. 4.
2Such models of financial amplification have become the leading tools to describe the dynamics of

financial crises from both a conceptual and a quantitative point of view. Other macroeconomic models
of crises that fall into this category include for example Fisher (1933); Kiyotaki and Moore (1997);
Bernanke et al. (1999); Gertler and Kiyotaki (2010) or, in the emerging market context, Krugman
(1999); Mendoza (2002, 2010); Christiano et al. (2004); Jeanne and Zettelmayer (2005); Devereux and
Yetman (2009). All these papers share the common element that borrowers are subject to financial
constraints that endogenously depend on prices, and when constraints bind adverse feedback effects
arise. In the literature, other common terms for what we call “financial amplification” are debt
deflation, financial acceleration, financial feedback loops, or deleveraging cycles.
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pecuniary externality: Decentralized agents take prices (including the exchange rate)
as given. In perfect financial markets, this behavior leads to a Pareto efficient outcome.
However, in an economy in which financial amplification effects are at work, agents are
subject to financial constraints and the tightness of constraints endogenously depends
on prices.

A decentralized agent who commits to repayments in constrained states of nature
does not internalize that larger repayments in such states lead to larger capital outflows,
which entail stronger exchange rate depreciations and tighter constraints. Therefore he
undervalues the social cost of liabilities that mandate repayments in constrained states
of nature. In other words, since he takes exchange rates as given, he does not internalize
his contribution to the financial amplification dynamics. As a result of this externality,
the welfare theorems no longer hold.

A constrained planner internalizes the link between the economy’s aggregate financ-
ing decisions, the level of the exchange rate, and the tightness of financial constraints.
When choosing the optimal composition of foreign liabilities, she recognizes that reduc-
ing repayments in states when financial amplification effects are active has the indirect
effect of mitigating price declines and relaxing binding constraints on agents across the
economy. Therefore the financing decisions of a constrained planner involve less risk-
taking and less exposure to binding constraints than those of decentralized agents. The
macroeconomic outcome is less volatility and less financial instability.

We show how well-targeted regulations on risky forms of capital inflows may alleviate
this distortion and induce decentralized agents to switch towards safer forms of finance,
thereby implementing the constrained social optimum.

In our analytical model, we study an emerging economy that is subject to endow-
ment risk and financial constraints that endogenously depend on the value of collater-
alizable income, similar to Mendoza (2002, 2006). In a variety of settings, we analyze
the constrained efficiency of the ex-ante financing and risk-sharing allocations of de-
centralized domestic agents that trade financial claims with international investors in
a complete set of Arrow securities.

• First, we assume that international investors are risk-neutral to illustrate the
effects of the externality in a simplified framework. Decentralized agents fully
insure against consumption fluctuations in the period of the shock and contract a
constant level of consumption across all states, including those in which financing
constraints are binding and in which they would like to carry more debt into fu-
ture periods. By contrast, a constrained planner carries extra “macro-prudential
insurance” into constrained states, which relaxes the constraint and allows for
better intertemporal consumption smoothing. In other words, the planner de-
viates from perfect intratemporal smoothing as a second-best device to improve
intertemporal consumption smoothing.

• Next we investigate a framework where international investors are risk-averse to-
wards the endowment shock in the domestic economy. The decentralized liability
structure of domestic agents is determined by a risk-return trade-off and may
involve exposure to binding constraints in low states of nature. Whenever con-
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straints bind, a planner who internalizes the financial amplification effects would
reduce the exposure of domestic agents to the constraint so as to mitigate financial
amplification effects and relax the constraints.

• In our third setting, we study an emerging economy without endowment risk in-
teracting with international investors that face certain states of the world towards
which they are risk-averse. It is privately optimal for domestic agents to share
risk with international investors. In particular, in states of high international risk
aversion, domestic agents provide large payments to international investors, to
the point that they may become constrained – they experience “contagion” from
international capital markets. Again, a social planner who internalizes financial
amplification effects would reduce exposure to such states so as to mitigate the
amplification and relax financial constraints.

All three settings illustrate that full international risk-sharing is not desirable when
financial markets are subject to collateral constraints that may trigger financial crises
in the form of financial amplification. In normal times, emerging market economies may
seem to be integrated into global markets, but their access to international financial
markets is in fact state-contingent and is sharply reduced or lost whenever financing
constraints on the economy become binding. Decentralized agents find it privately
optimal to participate in global risk-sharing by taking on risky forms of finance, but they
fail to internalize that the level of financial integration of their economy is endogenous:
their private risk-taking decisions affect the tightness of constraints in states of crisis. A
social planner engages in international risk sharing according to a tradeoff between risk,
return, and the endogenous level of financial integration, as captured by the tightness
of financial constraints. She therefore reduces the exposure of the economy to binding
constraints.

Our paper constructs a social pricing kernel that prices emerging market liabilities
at their true social cost. (In analogy to traditional pricing kernels, which reflect how
much private agents value payoffs across different states of nature, the social pricing
kernel is a random variable that expresses how much a social planner values payoffs
across different states of nature.)

The difference between the private and social valuation of payoffs represents how
much decentralized agents undervalue the social costs of state-contingent payoffs. We
denote this difference an externality kernel. In unconstrained states of nature, private
and social pricing kernels coincide and the externality kernel is zero. In constrained
states, the social planner internalizes that payoffs are socially more costly than decen-
tralized agents realize; the externality kernel is positive and grows larger the tighter
financial constraints are.

Careful empirical analysis of different forms of capital flows reveals that the precise
type of capital flows matters: Foreign currency-denominated debts seem to significantly
magnify macroeconomic volatility and raise the risk of financial crisis without yielding
benefits in terms of higher growth (Calvo et al., 2004; Levy Yeyati, 2006, see). On the
other hand, financial flows that are conducive to risk-sharing, such as foreign direct
investment, seem to be positively associated with both macroeconomic stability and
long-run growth (see e.g. Mauro et al., 2007).
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This corresponds closely to our analytical results: the magnitude of externalities
and therefore of optimal policy measures depends crucially on the risk profile of the
liabilities involved. For a given liability, the expected size of the externality can be
calculated as the product of its stochastic vector of payoffs with the externality kernel.

This formula can be used by policymakers to calculate the social costs imposed by
capital flows of different forms, such as dollar debt, GDP-linked debt, local currency
debt, portfolio investment, or foreign direct investment. For example, foreign currency-
denominated debt, which mandates high payoffs in crisis states, is associated with large
externalities; by contrast, foreign direct investment, which typically pays no dividends
in the midst of crises, involves close to zero externalities.3

Policy measures against the discussed externality are only effective if they affect
marginal incentives for risk-taking. We derive a bailout neutrality result for bailouts in
the form of lump-sum transfers: private agents who have access to a complete set of
Arrow securities and who expect transfer payments in times of crisis – from their own
government or from international bodies – will increase their risk-taking so as to fully
undo expected transfers that are in expectation wealth-neutral, since the decentralized
equilibrium with excessive risk taking constitutes their private optimum. This can be
interpreted as a state-contingent version of Ricardian equivalence (see Barro, 1974).

We develop a novel method to quantify the magnitude of the externalities of finan-
cial amplification effects based on the sufficient statistics approach proposed by Chetty
(2009). This allows us to quantify the externalities of financial amplification indepen-
dently of the precise setup of the theoretical model chosen in the paper, and therefore
to provide more robust numbers than what could be obtained from calibrating a partic-
ular version of a DSGE model of financial amplification, in which a comparatively large
number of structural parameters have to be calibrated. We show that the externali-
ties of financial amplification effects can be captured by the product of two sufficient
statistics, (i) the wedge in the Euler equation of constrained agents and (ii) the extent
of amplification, as captured by the elasticity of the tightness of the constraint to the
underlying shock. Our approach therefore provides for a more direct, transparent and
credible identification of the described externalities.

We apply this approach to Indonesia and illustrate how the externalities of different
forms of capital flows can be quantified using data over the past 20 years. We find that
during the 1997/98 crisis, the externalities associated with dollar debt, local currency
debt and equity portfolio inflows were 30.7%, 8.9% and 6.2% respectively of the value
of the inflow, implying an optimal annual level of taxation of those inflows of 1.54%,
0.44% and 0.31% respectively.

Relationship to the Literature

Our work is related to a significant body of research on why emerging economies are
often so strongly exposed to the risk of systemic financial crises. Two of the most

3These results contrast with Tobin (1978), since our policy measures would apply only to risky
forms of finance. In addition, our measures are motivated from a well-specified externality rather than
a general concern about the volatility of international capital flows.
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common explanations in this literature involve moral hazard: First, private agents have
incentive to take on excessive risk if they expect bailouts from their government or from
international organizations.4 Secondly, rigid forms of finance that impose considerable
risk on borrowers (such as uncontingent debt, foreign currency debt, short-term debt)
may be optimal incentive devices that prevent borrowers or their governments from
engaging in actions that expropriate creditors, such as devaluation, a weakening of
property rights, etc.5 Our work offers an alternative and complementary approach to
this literature: we show that socially excessive risk taking may result from a financial
friction that exists even in the absence of governmental distortions, i.e. because of the
externalities that arise from financial amplification dynamics.

Our work is also related to Caballero and Krishnamurthy (2003), who analyze ex-
cessive dollar borrowing in an economy that is subject to two financial frictions, in
international and domestic credit markets. They show that the interaction of the two
may induce agents in emerging market economies to borrow too much in dollar debt.6

Our approach differs in two important respects: First, we derive our externality result
within a well-established class of models on financial amplification in emerging market
crises (see footnote 2 for a list of references). Our framework therefore explicitly links
the existing positive literature on the mechanism of emerging market crises and the
normative literature on the reasons for socially excessive exposure to crisis risk. We
believe that basing our analysis on a well-established body of literature strengthens the
robustness and credibility of our policy recommendations. Secondly, our externality
result derives from a single market friction in international capital markets and holds
even though (i) domestic financial markets are frictionless and (ii) ex ante international
capital markets are complete, i.e. domestic agents could fully insure against financial
amplification effects if they wanted to.7

Our work adds to the literature in two more dimensions: First, we conceptually
introduce the framework of an externality kernel. This enables us to perform a detailed
welfare analysis of emerging market capital flows and to provide clear theoretical foun-
dations for regulations that discriminate among various forms of capital flows according
to their risk profile. Secondly, we develop a sufficient statistics approach that allows
us to calibrate the discussed externalities in a robust manner and independently of the
precise model of financial amplification effects employed.

In methodology, our work contributes to the literature on financial amplification
effects, which has often been invoked as one the main mechanisms to describe financial
crises (see footnote 2). So far little attention has been paid to the constrained welfare
implications of financial amplification effects, in particular to the ex ante social effi-

4See e.g. Krugman (1998); Schneider and Tornell (2004); Rancière (2009) for examples of this
literature. However, Eichengreen and Hausmann (1999) note that risky forms of finance are pervasive
even among firms that are unlikely to be bailed out, and in most emerging market crises government
bailouts are not sufficient to cover most of the firms that go bankrupt.

5See Jeanne (2003); Tirole (2003); Jeanne (2009) for example.
6For a related analysis of overborrowing in the closed economy based on fire-sale externalities in

asset prices see Lorenzoni (2008).
7In Caballero and Krishnamurthy (2003), excessive dollar borrowing arises because international

markets for ex-ante insurance are assumed to be subject to constraints and domestic markets underprice
the value of dollar liquidity during crises because of a second set of domestic collateral constraints.
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ciency of financing decisions. We show that financial amplification generally creates a
pecuniary externality that induces individual firms to take on excessive risk.8

Both our modeling approach and our results are supported by a wide range of theo-
retical and empirical literature. Mendoza (2006, 2010) demonstrates that the framework
of financial amplification that generates our externality result is an excellent description
of the mechanism of emerging market financial crises. Our ranking of the externalities
of various financial flows corresponds to the empirical findings of e.g. Mauro et al. (2007)
on how conducive various forms of capital flows are to growth. We believe that this
makes our conceptual framework a well-suited theoretical basis for policy evaluation,
as we discuss in more detail in sections 6 and 7 of the paper.

The remainder of the paper is structured as follows. Section 2 introduces our bench-
mark model of a small open emerging market economy in which financial amplification
is triggered in low states. Sections 3 and 4 contrast the decentralized equilibrium with
the allocation chosen by a constrained planner. Section 5 illustrates the basic ineffi-
ciency results in a number of analytical examples. Section 6 analyzes policy measures
to correct the distortion. Finally, section 7 quantifies the externalities and the ensuing
optimal policy measures for the case of Indonesia using a sufficient statistics approach.

2 Model Setup

We consider a small open emerging market economy in infinite discrete time t =
0, 1, 2, .... The economy consists of a continuum of mass 1 of identical domestic agents.
There are two goods in the economy, a tradable good T which is the numeraire good,
and a non-tradable good N with a relative price pN . This price represents a measure
of the real exchange rate.9 Starting in period 1, domestic agents derive utility from
the consumption of tradable CT and non-tradable goods CN according to the utility
function

U = E

{
∞∑
t=1

βtu(C1+σ
t )

}
where Ct = C

1
1+σ

T,t C
σ

1+σ

N,t (1)

where the consumption index Ct is a Cobb-Douglas aggregator of tradable and non-
tradable goods with shares 1

1+σ
and σ

1+σ
, implying that the ratio of the value of non-

tradable to tradable consumption is σ.10 The utility function u(·) is a standard twice
continuously differentiable function satisfying u′′ < 0 < u′. The discount factor of
domestic agents is given by β.

In period 0, domestic agents are born with initial debt B0. They have to meet
a fixed investment requirement Ī every period, and in return they earn a bundle of

8See also Korinek (2007) for an analysis of the social costs of dollar debt in such a setting.
9Our model of the exchange rate as a real exchange rate follows the specification of Mendoza (2002,

2006) and captures the stylized fact that exchange rates depreciate in crises, i.e. in response to strong
negative shocks. For brevity, we will often refer to the real exchange rate simply as the “exchange
rate” in the remainder of the paper.

10The exponent 1+σ in the utility function is included for notational convenience in our later deriva-
tions. Our qualitative results are unaffected by this transformation – the notation can accommodate
any desired utility function û(C) that is sufficiently concave by defining u(C) = û

(
C

1
1+σ

)
.
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tradable and non-tradable goods (Y ω
T,t, Y

ω
N,t) every period starting from period 1, which

depends on the aggregate state of the economy ω ∈ Ω.11

Domestic agents have access to a full set of one-period Arrow securities that pay out
contingent on the state ω ∈ Ω of the world. We denote the payoff that domestic agents
promise in state ω of period t+ 1 as Bω

t+1. International investors pay E[Mω
t+1B

ω
t+1] in

period t for a bundle
{
Bω
t+1

}
of such promises in period t+1, where Mω

t+1 represents the
pricing kernel (stochastic discount factor) of international investors and is exogenous
to the small open economy. Investors hence require a return of Rω

t+1 = 1/Mω
t+1 on a

security contingent on state ω.

Assumption 1 We assume the pricing kernel of international investors satisfies E[Mω
t+1] =

β ∀ t and is monotonically decreasing in domestic endowment risk,

∀ω1, ω2 ∈ Ω : Y ω1
T,t < Y ω2

T,t ⇒Mω1
t ≥Mω2

t

The first part of the assumption implies that domestic agents and international investors
are equally patient so that the risk-free rate R = 1/E[Mω

t+1] offered by international
investors satisfies βR = 1. The second part implies that international investors are
(weakly) risk-averse towards tradable endowment shocks in the emerging economy. We
will discuss the implications of relaxing this assumption in section 5.3.

The budget constraints of domestic agents for period 0 and beyond are

Ī +B0 = E[Mω
1 B

ω
1 ] (2)

Cω
T,t + pωN,tC

ω
N,t + Ī +Bω

t = E[Mω
t+1B

ω
t+1] + Y ω

T,t + pωN,tY
ω
N,t for t ≥ 1, ω ∈ Ω (3)

We make two simplifying assumptions regarding the structure of endowment risk:12

First, we assume all realizations of the tradable endowment for t ≥ 2 are constant
at a level ȲT , which coincides with the expected period 1 endowment E[Y ω

T,1] = ȲT .
Secondly, we assume the non-tradable endowment is fixed at a level ȲN , which we
normalize w.l.o.g. to ȲN = 1.13 These assumptions allow us to treat the state of the
world ω as an ordinal variable that follows the order ω1 ≤ ω2 whenever Y ω1

T,1 ≤ Y ω2
T,1.

While financial markets in the economy are complete in the sense that a contin-
gent Arrow security for each state exists, we assume that emerging market agents are
subject to a moral hazard problem: when they receive finance, they have an option
to invest into fraudulent schemes that would allow them to default next period (they
could e.g. invest into assets that are different from what was agreed upon and that are
harder to seize, or they could set up a shell company that funnels the money out of
their financiers’ reach). International investors can detect this and fight the scheme in

11The investment requirement serves to motivate borrowing, but does not play a critical role in our
model. It could be replaced by a commensurately higher initial debt level.

12These assumptions allow us to obtain closed form solutions for most expressions below, which is
useful to analytically characterize the constrained social welfare properties of the economy.

13This simplifying assumption allows us to explicitly solve for the level of the real exchange rate.
Our finding that the real exchange rate depreciates during crises would still hold if the shock affected
the endowments of both sectors (Y ωT,t, Y

ω
N,t) symmetrically, since crises in our setup are accompanied

by current account reversals that magnify the effects of shocks on tradable consumption.
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court while the transaction is in progress, but because of imperfect legal enforcement
they can recover at most a fraction κ of the domestic agent’s income in that period.
Furthermore, coordination problems among international investors prevent them from
taking retaliatory actions to penalize default through exclusion in future periods.

In order to make it incentive-compatible for domestic agents to abstain from fraud,
investors limit the value of outstanding claims E[Mω

t+1B
ω
t+1] to the maximum that they

could recover in case of fraud:

E[Mω
t+1B

ω
t+1] ≤ κ

(
Y ω
T,t + pωN,tȲN,t

)
(4)

This incentive compatibility constraint implies that the financing capacity of domes-
tic agents is limited by the amount of their seizable assets (or “collateral”), which is
an increasing function of their tradable income and of the economy’s real exchange
rate.14 If the real exchange rate depreciates, the domestic borrowing capacity declines,
which captures the common notion in the literature that exchange rate depreciations
in emerging economies may be contractionary (see e.g. Krugman, 1999; Aghion et al.,
2004; Christiano et al., 2004) In the remainder of the paper, we will identify periods
when financial constraints on the representative domestic agent are binding so that
financial amplification effects are active as financial crises.

We make the following assumption to rule out degenerate equilibria:

Assumption 2 We assume that κσ < 1.

This guarantees that amplification effects are finite, i.e. that the exchange rate appre-
ciation resulting from a one dollar capital inflow raises the financing capacity of the
country by less than one dollar.

3 Decentralized Equilibrium

Domestic agents maximize the objective function (1) subject to the series of budget
constraints (2) and (3), to which we assign the shadow prices of liquidity µωt , as well as
the financial constraints (4) with shadow prices λωt . The Lagrangian of this problem is
given in expression (A.1) in the appendix. The first-order conditions are

FOC(Cω
N,t) : σu′(·)CT,tCσ−1

N,t = µωt p
ω
N,t (5)

FOC(Cω
T,t) : µωt = u′(·)Cσ

N,t (6)

FOC(Bω
t+1) : µωtM

ω
t+1 = βµωt+1 + λωtM

ω
t+1 (7)

The decentralized equilibrium in the described economy consists of

• a bundle of allocations (Cω
T,t, C

ω
N,t, B

ω
t+1) and prices pωN,t for t = 1, 2, ... and ω ∈ Ω

14It is a common practice that international lenders provide finance to domestic agents against both
tradable and non-tradable collateral. For example, many real estate booms are fuelled by foreign credit
based on non-tradable collateral. Foreign creditors who seize non-tradable assets from a defaulting
borrower can sell it in the domestic market and repatriate the receipts.
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• which solve the constrained optimization problem of decentralized agents and

• which clear markets in all periods and states

– for non-tradable goods: Cω
N,t = ȲN

– for tradable goods: Cω
T,t + Ī +Bω

t = Y ω
T,t + E(Mω

t+1B
ω
t+1)

Real Exchange Rate

Combining the first-order conditions on CT,t and CN,t pins down the relative price of
non-tradables in a given time period, i.e. the real exchange rate of the economy, as

pωN,t = MRS = σ ·
Cω
T,t

Cω
N,t

= σCω
T,t (8)

where we used the market-clearing condition for the non-tradable sector Cω
N,t = Y ω

N,t = 1
in the last step. Intuitively, a shock to the domestic consumer’s tradable wealth affects
his demand for both tradable and non-tradable goods as both goods are normal. Since
the consumption of non-tradable goods is fixed to ȲN , the relative price in non-tradables
adjusts in response to changes in demand for non-tradables.

The movement of pωN,t constitutes a pecuniary externality. It is the mechanism by
which equilibrium in the market for non-tradable goods is restored. Under normal
circumstances, pecuniary externalities have no adverse efficiency implications as they
constitute mere redistributions between the buyers and sellers of a good. However, in
the described economy the valuation of domestic collateral depends on the level of the
exchange rate. When financial constraints are binding, a depreciation in the exchange
rate reduces the value of collateral, which reduces agents’ financing capacity and forces
them to cut back on borrowing. As we show below, when financing constraints are
binding, the pecuniary externality turns into a ‘real’ externality.

Solution by Backward Induction

We first solve for the equilibrium in the economy from period 1 onwards, taking the
endowment shock Y ω

T,1 and the period 1 obligation Bω
1 as given; after that we will

investigate the optimal risk allocation in period 0. Dropping the ω-superscripts, let us
denote the utility of a domestic consumer who enters period 1 with a given endowment
shock YT,1 and a financial obligation B1 as

V (YT,1, B1) = max
∞∑
t=1

βtu (CT,t) (9)

s.t. Bt + Ī + CT,t = YT,t +Bt+1/R

Bt+1/R ≤ κ
(
YT,t + pN,tȲN

)
where Mt = 1/R ∀t ≥ 2 since there is no further uncertainty after period 1, and where
we substitute the market-clearing condition CN,t = ȲN = 1. Combining and simplifying
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the first-order conditions (6) and (7), the Euler equation of the domestic agent from
period 1 onwards is

u′(CT,t) = βRu′(CT,t+1) + λt (10)

If the financial constraint on the agent is always loose (λt = 0 ∀ t), then he absorbs
the period 1 uncertainty (i.e. the deviation of YT,1 from ȲT ) into his steady-state debt
level Bt≥2 = B1 − (YT,1 − ȲT ) and chooses a smooth steady-state consumption path
along which he consumes the constant amount

C̄T (Bt≥2) = ȲT − Ī −
R− 1

R
·Bt≥2 (11)

where we denote variables that have reached their steady-state levels starting in period
s by a subindex t ≥ s. Every period, the agent consumes his net endowment minus the
interest accumulated on his steady state debt Bt≥2, which is carried forward into the
next period. The associated period 1 levels of consumption and new borrowing are

Cunc
T,1 (YT,1, B1) =C̄T (Bt≥2) = ȲT − Ī −

R− 1

R

(
B1 + ȲT − YT,1

)
(12)

Bunc
2 (YT,1, B1) =Bt≥2 = B1 − (YT,1 − ȲT ) (13)

The financial constraint in period 1 is binding if

Bunc
2 (YT,1, B1)/R > κ

[
YT,1 + σCunc

T,1 (YT,1, B1)
]

This constraint defines a threshold level B̂(YT,1) that is increasing in the output shock

YT,1, such that the constraint binds if B2 > B̂(YT,1) (see appendix A.3). Under binding
constraints the period 1 levels of consumption and new borrowing are determined by
the level of the constraint

Ccon
T,1 = YT,1 − Ī −B1 +Bcon

2 /R

and Bcon
2 /R = κ

[
YT,1 + σCcon

T,1

]
Solving this system of two equations explicitly yields

Ccon
T,1 (YT,1, B1) =

(1 + κ)YT,1 − Ī −B1

1− κσ
(14)

Bcon
2 (YT,1, B1) =

κR

1− κσ
·
[
(1 + σ)YT,1 − σ

(
Ī +B1

)]
(15)

From period 2 onwards, the tradable endowment is constant at ȲT . If YT,1 ≤ ȲT ,
then the constraint relaxes between periods 1 and 2, and the Bcon

2 that satisfies the
period 1 financial constraint also satisfies all future financial constraints, implying that
the economy’s long-run levels of debt and consumption are Bt≥2 = Bcon

2 and CT,t≥2 =
C̄T (Bcon

2 ) ∀t ≥ 1. On the other hand, if YT,1 > ȲT , the constraint would tighten from
period 1 to period 2 and may become binding in period 2.15 Since binding constraints

15The analysis of this case proceeds along the lines of equations (14) and (15) with the time index
shifted forward by one period. We obtain the same externality result as for binding constraints in
period 1. Detailed derivations of this case are available from the author.
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CT,1

B1

CT,t≥2

B1

B1ω̂

Bt≥2

ω̂

Figure 1: Consumption (left panel) and desired/realized future debt (right panel)
as a function of initial obligation B1 for a given state ω

and financial crises do not ususally occur in periods of above-average output YT,1 >
ȲT (see e.g. Mendoza, 2005), we restrict our attention to initial debt levels that are
sufficiently low to rule out this case:

Assumption 3 The economy’s initial debt level is sufficiently low B0 ≤ B̄0 so that
financial constraints only bind in below average states of nature Y ω

T,1 ≤ ȲT .

We analytically characterize the threshold level B̄0 in appendix (A.4). For higher initial
debt levels, the agent carries so much debt into period 1 that constraints also bind in
some states with above average realizations of output.

Comparative Statics of Period 1 Debt

Figure 1 plots consumption in periods t = 1 and t > 1 (left panel) as well as steady-
state debt (right panel) as a function of the amount of debt Bω

1 for a given output shock
YT,1. To the left of B̂1, financing constraints are loose and agents can smooth their debt
repayment over time. Consumption reacts only mildly to changes in initial debt (left
panel) as the debt burden is carried over into the future (right panel).

To the right of B̂1, the financial constraint is binding and any change in the domestic
agent’s net worth is amplified through financial amplification. Assume for instance
that financial constraints are binding and we increase the agent’s debt burden B1 by
one dollar. If his financing capacity were unaffected, he would have to contract his
consumption Cω

T,1 by one dollar. However, the reduction in consumption depreciates the
exchange rate (8) by σ, and this depreciation in turn tightens the financing constraint
by κσ. The tighter constraint forces the agent to cut consumption by κσ dollars, which
leads to further rounds of depreciating exchange rates, tightening constraints, declines
in consumption and so forth. The total effect on consumption of a unit shock to the
agent’s budget constraint is 1 + κσ + (κσ)2 + · · · = 1

1−κσ .
These contrasting effect of shocks to net worth on consumption in the constrained
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and unconstrained region are reflected in the derivatives

dCunc
T,1

dB1

= −R− 1

R
� −1 (16)

dCcon
T,1

dB1

= − 1

1− κσ
< −1 (17)

Period 0 Risk Allocation Problem

Having solved for the equilibrium in the economy in periods 1 and after, we now focus
on the financing and risk-taking decisions of decentralized agents in period 0 across
different states of nature. Building on sub-problem (9) we denote the full optimization
problem of decentralized agents as

max
{(Bω1 )}

E{V (Bω
1 , Y

ω
T,1)} s.t. Ī +B0 = E[Mω

1 B
ω
1 ] (18)

Assigning a Lagrange multiplier µ0 to the constraint, this leads to the first-order con-
dition

VB(Bω
1 , Y

ω
T,1) + µ0M

ω
1 = 0 or µω1 = µ0M

ω
1 (19)

where we applied the envelope condition VB = −µω1 . Substituting for the agent’s
valuation of liquidity µω1 we obtain

u′(Cω
T,1) = µ0M

ω
1 (20)

Given the strict concavity of the utility function, this uniquely defines a function

CT,1(M
ω
1 , µ0) = u′−1 (µ0M

ω
1 ) (21)

which satisfies ∂CT,1/∂M
ω
1 < 0 and ∂CT,1/∂µ0 < 0: consumption in state ω is lower

the higher the valuation of payoffs of international investors and the tighter the period
0 budget constraint, i.e. the higher the initial debt of the domestic agent.

This consumption function in conjunction with the budget constraint/borrowing
constraint of domestic agents define a function B1(M

ω
1 , µ0) that captures the period 1

repayment consistent with the optimal level of consumption (see appendix A.2).

Lemma 1 B1(M
ω
1 , µ0) is continuous in Mω

1 and µ0 and satisfies ∂B1/∂µ0 > 0 and
∂B1/∂M

ω
1 > 0.

Substituting into the period 0 budget constraint we obtain

E[Mω
1 B1(M

ω
1 , µ0)] = B0 + Ī (22)

The left-hand side of this equation is strictly increasing in µ0 since each Bω
1 is strictly

increasing; the right-hand side is determined by the exogenous parameter B0. Equa-
tion (22) therefore has a unique solution for the shadow price as a function of initial
debt µ0(B0) with µ′0(B0) > 0. This allows us to define a function B1(M

ω
1 , B0) =

B1(M
ω
1 , µ0(B0)) that is strictly increasing in both arguments.

We define the threshold B̂0 as the maximum period 0 debt level such that the
borrowing constraint is loose across all states of nature (see appendix A.2 for formal
definition). Then the decentralized equilibrium in the economy as a function of the
initial debt level B0 is characterized by the following proposition:

13



Proposition 1 (Decentralized Equilibrium) The optimal repayment function Bω
1 (Mω

1 , B0)
is an increasing function of initial debt B0 and of the pricing kernel Mω

1 . For B0 ≤ B̂0,
financial constraints are loose across all periods and states of the world. For B0 ∈
(B̂0, B̄0], the period 1 financial constraint is binding in all states ω below a threshold
ω̂ = ω̂(B0) and loose otherwise. In the constrained region, higher initial debt B0 has
two effects: First, it raises the threshold ω̂ and thereby increases the number of states
in which constraints are binding in period 1. Secondly, it raises the promised level of
period 1 repayments, which exacerbates the tightness of constraints in the constrained
region.

4 Constrained Social Planner’s Equilibrium

This section contrasts the decentralized equilibrium with the allocations a constrained
social planner would choose. We assume that the planner maximizes the same objective
(1) and is subject to the same budget constraints (2), (3) and financial constraint (4) as
decentralized agents. The only difference is that a social planner internalizes that her
consumption allocations affect the real exchange rate, which in equilibrium determines
the tightness of the financial constraint (4) through the condition pωN,t = σCω

T,t. We
report the Lagrangian of the resulting optimization problem in appendix A.5.

The first-order conditions (5) and (7) on Cω
N,t andBω

t+1 are unaffected in the planner’s
equilibrium, but the optimality condition for Cω

T,t changes to

FOC(Cω
T,t) : µωt = u′(Cω

T,t) + κσλωt (23)

Solution by Backward Induction

As in our characterization of the decentralized equilibrium, we solve the planner’s op-
timization problem in two steps using backward induction. We first define the social
planner’s value function V SP (·) as in problem (9) as the optimum utility value that can
be obtained given a period 1 endowment Y ω

T,1 and repayment obligation Bω
1 . Then we

will go back to period 0 and solve the maximization problem analogous to (18) using
the planner’s valuation function V SP (·).

Under assumption 3 the financial constraint is binding at most in period 1 and
λωt = 0 in all other time periods. If the constraint is loose in period 1, then the
decentralized and the planner’s first-order conditions (6) and (23) are identical and
their allocations coincide. If the constraint is binding, both decentralized agents and
the planner borrow and consume the maximum amount dictated by the constraint, so
their allocations also coincide. In short, in the given setup, the planner cannot improve
upon the decentralized equilibrium once the state-contingent financing choices {(Bω

1 )}
have been made.

14
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Figure 2: Private and social valuation of period 1 liquidity

However, by combining the two first-order conditions (23) and (7) we find

λω,SP1 =
u′(Cω

T,1)− u′(Cω
T,2)

1− κσ
(24)

µω,SP1 = u′(Cω
T,1) + κσλω,SP1 =

u′(Cω
T,1)− κσu′(Cω

T,2)

1− κσ
(25)

Even though the planner’s real allocations for a given pair (Y ω
T,1, B

ω
1 ) coincide with

those of decentralized agents, the shadow value that the planner assigns to period
1 consumption and to the binding constraint for a given real allocation differ from
the decentralized equilibrium. For the planner, the shadow value of period 1 wealth
µω,SP1 in constrained states is higher than for decentralized agents, because the planner
internalizes the financial amplification effects: an exogenous unit increase in period 1
liquidity would raise consumption not only by one unit, but would also appreciate the
exchange rate, increase the value of domestic collateral and relax the financial constraint
further, ultimately leading to an increase in consumption by a factor 1

1−κσ .

Proposition 2 (Undervaluation of Liquidity in Crises) In crisis states (when fi-
nancial constraints are binding), the social planner values liquidity more highly than
decentralized agents µω,SP > µω,DE for a given real allocation, since she internalizes the
financial amplification effects arising from binding constraints.

Figure 2 schematically illustrates the shadow value of liquidity for different levels
of liquid net worth (captured by varying B1) for a given output shock YT,1. In a world
without constraints (to the right of the vertical threshold line), changes in the debt
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level have relatively mild effects on the agent’s valuation of liquidity, since he can
spread repayments over the infinite future so as to smooth consumption. By contrast,
when financial constraints are binding (to the left of the threshold, middle line), a
decentralized agent’s valuation of liquidity is higher than in the first-best world: the
agent would like to borrow, but the constraint prevents him from doing so – his expected
future wealth is not liquid and cannot be accessed because of the moral hazard problem.
A planner (top line) internalizes that an increase in liquidity in a constrained state would
raise consumption not merely one-for-one, but would also relax constraints and lead to
positive financial amplification effects. Therefore the constrained planner’s valuation
of liquidity is even higher than that of constrained decentralized agents.

Period 0 Risk Allocation Problem

In period 0, the planner solves the same maximization problem (18) as decentralized
agents and obtains the same first-order condition (19). However, the planner’s shadow
value of liquidity µω,SP1 reflects that her valuation of period 1 liquidity differs in con-
strained states, yielding the optimality condition

u′(Cω
T,1) + κσλω1 =

u′(Cω
T,1)− κσu′(Cω

T,2)

1− κσ
= µ0M

ω
1 (26)

In unconstrained states ω s.t. λω1 = 0, decentralized agents and the planner choose
identical levels of repayments and consumption as determined by equations (A.2) and
(21) for a given µ0. By the same argument, the threshold B̂0 for initial debt to yield an
equilibrium that is unconstrained across all states of nature is identical to that of the
decentralized equilibrium:

Proposition 3 (Unconstrained Planner’s Equilibrium) For initial debt B0 ≤ B̂0,
the social planner’s allocation coincides with that of decentralized agents and financial
constraints are always loose.

In constrained states of nature, decentralized agents and the social planner allocate
their repayments {(Bω

1 )} differently across different states of nature:

Proposition 4 (Excessive Repayments in Constrained States) A constrained plan-
ner chooses smaller repayments and higher consumption than decentralized agents in
any constrained state ω ∈ Ωcon(µ0) for a given µ0,

Ccon,SP
T,1 (Mω

1 , µ0) > CT,1(M
ω
1 , µ0) and Bcon,SP

1 (Mω
1 , µ0) < Bcon,DE

1 (Mω
1 , µ0)

This can be seen by comparing the planner’s optimality condition (26) with the decen-
tralized version (20): when the constraint is binding, the additional term λω1 introduces
a positive wedge in the planner’s equation. For given µ0 and Mω

1 , this implies that
the planner chooses a lower marginal product u′(Cω

T,1), i.e. a higher level of period 1
consumption, to make the equation hold.

In other words, the planner chooses smaller repayments or smaller exposure to
binding constraints – she holds macro-precautionary savings or insurance against such
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states. This allows her to expand consumption in such states, which appreciates the
exchange rate and indirectly relaxes the constraints. The planner distorts the optimal
risk allocation in period 0 as a second-best device to mitigate the financial constraint
in period 1.

We substitute the planner’s financing choices into equation (22) and follow the
same steps as in the solution to obtain the planner’s solution for µSP0 (B0). For a
given µ0, the planner repays less in constrained states Bcon,SP

1 < BDE
1 , reflecting the

macro-precautionary savings effect. To raise the same total amount of finance in period
0, the planner’s solution therefore requires a higher µSP0 (B0) > µDE0 (B0) than the
decentralized equilibrium. This raises the repayment across all states of nature since
∂BSP

1 /∂µ0 > 0, in particular in unconstrained states. Furthermore, the higher µ0 also
raises the threshold below which financial constraints are binding ω̂(µSP0 ) > ω̂(µDE0 ),
and thereby increases the probability of binding constraints. We sum up:16

Proposition 5 (Constrained Planner’s Equilibrium) For B0 ∈ (B̂0, B̄
SP
0 ], the con-

strained planner’s allocation involves a higher shadow price µSP0 (B0) > µDE0 (B0) of pe-
riod 0 liquidity than the decentralized allocation, resulting in a higher threshold ω̂SP =
ω̂(µSP0 (B0)) below which the period 1 financial constraint is binding.

The net effect of reducing repayments in constrained states and then increasing repay-
ments across the board so as to raise the same total amount of finance is to reallocate
repayments from states of nature with strongly binding constraints to states with non-
binding or marginally binding constraints.

The effects of changes in initial debt B0 in this region are similar to those in the
decentralized equilibrium (proposition 1): Higher initial debt raises the promised level
of period 1 repayments Bω

1 in all states of nature. This in turn raises the threshold
ω̂SP and increases the number of states in which constraints are binding in period 1.
It also increases the tightness of the binding constraints and the size of the associated
externalities.

4.1 Private and Social Pricing Kernel

So far we have analyzed period 0 financing and insurance decisions using a complete set
of Arrow securities {(Bω

1 )}. Here we extend our analysis to more complex securities,
which can be thought of as bundles of Arrow securities with appropriate weights: any
security X has a uniquely defined payoff in each state of nature ω of every period t:

Definition 1 A security X is defined by a vector of state-contingent payoffs {(Xω
t )}.

Since we assumed there is no further uncertainty after period 1, all securities are essen-
tially risk-free bonds after period 1 and we may limit our focus on the risk allocation
problem in period 0 of one period securities with payoffs Xω

1 . Note that this assumption
is not restrictive: Since constraint (4) is imposed every period and securities can be
bought and sold every period, any multi-period security with future payoffs {(Xω

t )t≥2}
can alternatively be represented as a one-period security together with bond holdings

16The threshold B̄SP0 is defined in appendix A.4.
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of B2 =
∑∞

t=2(Xt/R
t−1) in our framework. In other words, since the moral hazard

problem in section 2 leads to the financial constraint (4) being imposed on the total
value of all future repayment obligations every period, agents cannot circumvent the
constraint by issuing long-term securities – they would still have an incentive to default
if the current value of their long-term obligations exceeds the limit imposed by the
constraint.

We define the private pricing kernel of domestic agents as

Dω
1 :=

µω1
µ0

=
βu′(Cω

T,1)

E[u′(Cω
T,1)]

This variable reflects the period 0 valuation of a unit payoff in state ω of period 1.
Since there is no period 0 consumption in our setup, the marginal cost of tightening
the period 0 budget constraint for domestic agents is µ0 = RE[u′(Cω

T,1)] according to
equation (19).

In period 0, international investors supply finance to domestic agents at a price
determined by their pricing kernel Mω

1 . In the unregulated decentralized equilibrium,
domestic agents adjust their portfolio so that their pricing kernel Dω

1 equals the pricing
kernel Mω

1 of international investors. In the absence of imperfections, the period 0 valu-
ation PX,0 of an asset with payoffs Xω

1 in period 1 is therefore identical for decentralized
domestic agents and international investors,

E[Dω
1X

ω
1 ] = PX,0 = E[Mω

1 X
ω
1 ]

This does not account for the social costs that repayments in constrained states and
the resulting exchange rate depreciations impose on the owners of domestic collateral.
We define the social pricing kernel Sω1 to reflect the social cost of a unit payoff in state
ω of period 1 as

Sω1 :=
µω,SP1

µSP0

=
βu′(Cω

T,1) + κσλω1
E[u′(Cω

T,1) + κσλω1 ]

The social valuation P ∗X,0 of an asset X with payoffs Xω
1 is

P ∗X,0 = E[Sω1X
ω
1 ] (27)

Accounting for the fact that capital outflows create negative externalities in constrained
states, the social price of risky assets is higher than the decentralized price PX,0 de-
manded by international investors.

Externality Kernel

The greater the payoffs of a given security in crisis states, the larger the externality that
the security imposes on the economy. Let us assume the economy is in the planner’s
equilibrium. We define the difference between the social and the private valuation
of liquidity in that equilibrium, normalized by the expected private valuation, as the
externality kernel τω1 :

τω1 =
µω,SP1 − µω,DE1

E[µω,DE1 ]
= κσ · λω,SP1

E[µω,DE1 ]
=

κσ

1− κσ
·
u′(Cω

T,1)− βRu′(Cω
T,2)

E[u′(Cω
T,1)]

(28)
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where we employed equation (24) in the last step. The intuition of this expression is the
following: the uninternalized social benefit of a unit payoff in state ω is a relaxation of
the financial constraint by κσ, which is magnified by the factor 1

1−κσ through financial
amplification. The marginal increase in utility from relaxing the constraint is in turn[
u′(Cω

T,1)− βRu′(Cω
T,2)
]
, which is normalized by the expected marginal private value of

liquidity E[u′(Cω
T,1)]. The externality kernel is proportional to the wedge between the

private and social valuation of payoffs in figure 2. It is zero when in states in which
the financing constraint is loose. In states in which financing constraints are binding, a
state-contingent payoff Xω

1 entails an externality of size E [τω1 X
ω
1 ]. We will employ this

finding below in section 6 on optimal policy measures against the externality that we
identified.

5 Analytical Examples

In this section, we illustrate the decentralized equilibrium allocation and the constrained
social optimum of a sample economy under three scenarios. First we assume that in-
ternational capital markets are risk-neutral, allowing for costless insurance of period 1
consumption. This helps to establish the basic intuition of our results. Secondly, we
assume risk-averse international capital markets in which domestic agents determine
their liability structure as the optimal trade-off between private risk and return. In a
third scenario, we assume that the emerging market economy does not face any endow-
ment risk, but international capital markets are risk-averse and induce domestic agents
to share some of the global risk factors with them. In all three settings, we compare
the allocation of the decentralized equilibrium with that chosen by a constrained social
planner.

We assume that the discount rate in the economy is β = .96, that the risk-free global
interest rate satisfies βR = 1 and that the period utility of domestic agents is CRRA
with a coefficient of relative risk aversion θ = 2. We normalize w.l.o.g. ȲT = ȲN = 1.
Following Mendoza (2005) we set the relative size of the tradable sector to 1

1+σ
= .40

of total output, implying that σ = 1.5, and we set investment to one third of tradable
output, or Ī = .33. We use the findings of Reinhart et al. (2003) to calibrate the
maximum debt level of a country to 50% of its GDP, implying κ = .50. We assume
furthermore that the output shock Y ω

T,1 is distributed according to a truncated normal
distribution with standard deviation σY = 0.05 that is cut off at ±3σY , approximating
the standard deviation of growth in a country like Indonesia over the past two decades.
This implies that Y min

T,1 = .85.

5.1 Risk-Neutral International Capital Markets

If international capital markets are risk-neutral, then Mω
1 = 1/R and the budget con-

straint of domestic agents implies

E[Bω
1 ] = R

(
Ī +B0

)
(29)
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Furthermore, risk-neutral capital markets enable domestic agents to costlessly insure
away all their period 1 consumption risk with international investors.

Loose Constraints If financial constraints are loose across all states of the world, the
steady-state level of repayments is Bt≥2 = B̄ := R

(
Ī +B0

)
. Both decentralized agents

and a social planner in such an economy choose repayments and consumption

Bω
t≥2 = E[Bω

1 ] = B̄
Cω
T,t≥1 = ȲT − Ī − (R− 1)/R · B̄ = C̄

}
for all ω ∈ Ω

across all time periods and states. This full insurance result is obtained by contracting
state-contingent period 1 repayments that undo the shock,

Bω
1 = B̄ +

(
Y ω
T,1 − ȲT,1

)
The condition under which financial constraints are loose in all states is

B0 ≤ B̂0 :=
κR

R + κσ(R− 1)
·
[
Y min
T,1 + σ

(
ȲT − Ī

)]
− Ī

Following proposition 3, a social planner for whom this condition is satisfied would make
the same financing choices as decentralized markets, i.e. the free market equilibrium is
socially efficient.

Binding Constraints If the initial debt level is higher than the threshold B̂0, then fi-
nancing constraints are binding in low states of period 1. However, domestic agents still
find it optimal to fully offload their period 1 endowment risk and consume a constant
Cω
T,1 = C̄T,1 across all states of nature that period. In states of binding constraints,

they borrow the maximum amount possible Bω,con
2 and insure period 1 consumption by

reducing the repayments Bω
1 in constrained states while increasing repayments in un-

constrained states correspondingly. Following proposition 1 for the case of risk-neutral
international investors, the equilibrium value of C̄T,1, together with the associated fi-
nancing choices {Bω

1 }, is obtained as the solution to the implict equation

E[Bω
1 (C̄T,1)] = R

(
Ī +B0

)
where Bω

1 (C̄T,1) = Y ω
T,1 − Ī − C̄T,1 +

{
κ
[
Y ω
T,1 + σC̄T,1

]
for ω ∈ Ωcon

1
R−1

[
ȲT − Ī − C̄T,1

]
for ω ∈ Ωunc

The left panel of figure 3 illustrates the privately optimal financing choices of decen-
tralized agents for differing levels of initial debt. In the figure, we capture the different
states of the world by the output shock, which varies from Y min

T,1 to Y max
T,1 along the

horizontal axis. The graph depicts the optimal allocation of period 1 repayments {Bω
1 }

(solid lines) and long-run debt {Bω
t≥2} (dashed lines) for increasing levels of initial debt,

going from .70 to .75 and .80, as labeled by the roman numerals (i), (ii) and (iii). The
period 0 threshold above which there are states with binding constraints is B̂0 = .744
in our sample specification.

Looking at the B
(i)
1 -line, domestic agents choose lower repayments in bad states and

higher repayments in good states of nature for insurance purposes so as to obtain a
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Figure 3: State-contingent repayments (left panel) and consumption (right panel)
across different states Y ω

T,1 as a function of initial debt B0

constant level of consumption Cω
T,1 = C̄T,1 across all states. As long as B0 ≤ B̂0, i.e. for

case (i) in the figure, financial constraints never bind, and domestic agents are left with
a constant level of steady-state debt Bω

t≥2 across all states. This results in a constant
level of steady state consumption CT,t≥2 across all states of nature (see the top line (i)
in the right panel).

If initial debt B0 exceeds the threshold B̂0, there are binding financial constraints in
low output states of period 1. Decentralized agents cannot roll over as much debt into
period 2 as they would like, i.e. Bω

2 is constrained (see the kink in the lines B
(ii)
2 and

B
(iii)
2 ). They insure against the inability to borrow the optimum amount by reducing

their period 1 repayments when constraints bind (see the kink in lines B
(ii)
1 and B

(iii)
1 ).

As a result of the lower long-run debt levels, steady-state consumption Cω
T,t≥2 is higher

following constrained states (right panel).

A constrained social planner recognizes that the tightness of constraints is not a
given: higher period 1 tradable consumption acts as a second-best instrument to ap-
preciate the real exchange rate, raise the value of domestic collateral and relax the
financial constraint. Therefore she contracts even lower repayments in constrained
states of period 1 and enables domestic agents to consume more in such states.

In the left panel of figure 4, we show the consumption allocations of decentralized
agents for case (iii) in the previous figure. In the center panel we depict the consumption
allocations chosen by a constrained planner. Both decentralized agents and the planner
insure away the output shock in unconstrained states, but the constrained planner
reduces repayments in constrained states of period 1 further so as to have additional
resources available beyond what is required for full insurance: she engages in macro-
prudential insurance to relax the binding financial constraints and mitigate the financial
amplification effects. When international capital markets are risk-neutral, this leads to
the curious result that a planner instructs agents to consume more in bad states of
nature – so as to relax the constraints – than in good states. We show in the following
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Figure 4: Decentralized and constrained optimal consumption and externality
kernel for case of risk-neutral international investors

section that this finding disappears when insurance is sufficiently costly.
The right panel of the figure depicts the externality kernel τω1 of the economy for case

(iii), i.e. the externalities imposed by unit payoffs in different states of nature. This is
the wedge that a social planner would have to impose on payoffs across different states
of nature to induce decentralized agents to internalize their pecuniary externalities.

5.2 Risk-Averse International Capital Markets

When international investors are risk-averse, their pricing kernel Mω
1 covaries negatively

with the domestic output shock Y ω
T,1, i.e. they put a relatively higher value on payoffs

when the productivity shock Y ω
T,1 is low and vice versa. While our analytical results

hold for any general specification of Mω
0 , we assume for simplicity that Mω

1 derives
from a consumption-based asset pricing model in which the utility of international
investors is CRRA with θ = 2 and their consumption process is given exogenously by
Dω = ψY ω

T,1 + (1− ψ) ȲT , where we calibrate ψ = .125 to capture the share of emerging
market investments in the portfolio of a representative global investor.17 As a result,
the choice of Bω

1 involves a risk-return trade-off for domestic agents.
Using the same parameter values for domestic agents as in the scenario with risk-

free capital markets above, we follow the steps described in proposition 1 to derive
the equilibrium. We depict our results in figure 5. Cases (i), (ii) and (iii) depict the
allocations in the economy for initial debt levels B0 = .25, .50 and .75 respectively.

In case (i), financial constraints are loose across all states of nature. The optimal in-
surance arrangement between domestic agents and international investors implies that
consumption Cω

T,t≥1 is pro-cyclical, reflecting that it is optimal not to insure away all

17Even though the economy we examine is small compared to international capital markets, it is
reasonable to characterize international investors as risk averse towards the emerging market economy:
First, many of the shocks to the tradable sector in emerging market economies are correlated with
global factors, such as global financial shocks or fluctuations in commodity prices that are driven by
the global business cycle. Secondly, investors into emerging market are a specialized sub-set of actors in
global capital markets. Third, if international capital markets were neutral towards emerging market
risk, then decentralized agents could insure their economies costlessly against aggregate shocks, which
is counter-factual (see Korinek, 2009).
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Figure 5: Decentralized and constrained optimal allocation of period 1 consump-
tion across different states Y ω

T,1

risk in risk-averse international capital markets. Since international investors value
payoffs in low states the highest, domestic consumers promise high payoffs in low states
and low payoffs in high states. This makes the emerging economy’s level of indebt-
edness counter-cyclical, as captured by the downward-sloping B

(i)
2 -line. In period 1,

domestic consumers experience the domestic shock Y ω
T,1; they offset this shock by in-

creasing/decreasing their indebtedness between periods 1 and 2 correspondingly, i.e. by

setting Bω
1 −Bω

2 = Y ω
T,1− ȲT . The B

(i)
1 -line in the figure is therefore less steep than the

B
(i)
2 -line.

Cases (ii) and (iii) depict cases in which financing constraints become binding for low
realizations of the output shock. Consumption Cω

T,1 is still a strictly increasing function
of the state of nature, reflecting the optimal insurance arrangement between domestic
agents and international investors. However, since constraints are tighter in bad times,
the emerging economy’s indebtedness becomes pro-cyclical in constrained regions –
lower output forces domestic agents to cut back on debt, even though they would like
to carry forward more debt so as to optimally smooth consumption. Anticipating the
constraint on new debt Bω

2 in period 1, domestic agents contract lower contingent period
1 repayments Bω

1 , i.e. they take on insurance. Period 2 consumption is a function of
period 2 debt levels and is therefore V-shaped. In constrained states, domestic agents
cannot carry as much debt into period 2 as they would like; therefore they have less
period 2 debt and more consumption in period 2 and thereafter.

The first two panels of figure 6 compare the consumption allocations in the decen-
tralized equilibrium and the constrained social planner’s optimum for the initial debt
level defined in case (iii): decentralized agents take constraints in period 1 as given
and pick a consumption profile that is strictly increasing in the state of the world (left
panel). By contrast, a constrained planner engages in additional macro-precautionary
savings in period 0; this allows him to raise period 1 consumption in constrained states
and relax the period 1 constraint (center panel). As a result, period 1 consumption is
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Figure 6: Decentralized and constrained optimal consumption and externality
kernel for case of risk-averse international investors

considerably less volatile across states of nature under the planner’s allocation. Since
she repays less in constrained states, the planner has to repay more in previously un-
constrained states so as to meet the period 0 budget constraints. This implies that the
threshold for binding constraints ŶT,1 moves marginally to the right.18

In the right panel, we depict the externality kernel τω1 of economy, i.e. the externality
imposed by a unit payoff in different states of nature. In unconstrained states, this is
zero. In constrained states, the externality kernel rises in proportion to the wedge in
the Euler equation of domestic agents. Comparing figures 4 and 6, we observe that the
externality kernel is an order of magnitude higher when capital markets are risk-averse,
since domestic agents have greater incentives to issue risky claims that pay off in low
states of nature in such a setting.

We derived our results in a model where domestic agents did not fully insure against
crisis risk because of the risk premia charged by international investors. While risk
premia are an important factor in making full insurance undesirable, there are a number
of additional factors, such as costly state verification (Townsend, 1979) or moral hazard
(Jensen and Meckling, 1976) that create a private incentive to issue risky claims that
expose domestic agents to the risk of binding constraints, or that create a dis-incentive
to buy insurance. Our underinsurance result continues to hold in those instances, as
domestic agents value only the private benefit of insuring against crises and disregard
the social benefits.

In section 7 we employ a sufficient statistics approach to calibrate the size of the
externalities of different forms of capital flows – this quantification depends only on
the existence of binding constraints, not on the precise mechanism that led individuals
to take on risky forms of finance and expose themselves to such constraints. Our
calibration results in that section are therefore more general and more robust than the
analytical examples we have included here.

18Analytically, we find the thresholds ω̂DE = 2.02120 in the decentralized equilibrium and ω̂SP =
2.02126 in the social optimum. This difference is not sufficient to be visible in the figure.
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5.3 Contagion

In the framework discussed earlier, episodes of binding financial constraints arise from
two separate factors: (i) declines in domestic output Y ω

T,1 reduce the economy’s financ-
ing capacity and may lead to binding constraints even if international capital markets
are risk-neutral, and (ii) international risk aversion induces domestic agents to promise
large repayments Bω

1 in bad states of nature. If the collateral available κ[Y ω
T,1 + σCω

T,1]
does not cover the desired amount of debt to be rolled over into period 2, then fi-
nancial constraints bind. Our example on risk-neutral international capital markets
demonstrated that factor (i) may be sufficient to trigger binding constraints, but does
not explain declines in consumption in period 1, since domestic agents would insure
against such declines in international markets. This section shows that even in the ab-
sence of domestic shocks, factor (ii) may trigger crises that are characterized by binding
constraints, large current account reversals and declines in consumption. This can be
interpreted as contagion through contingent liquidity flows.

We assume for simplicity that output in the emerging market economy is constant,
Y ω
T,1 ≡ ȲT ∀ω, but we relax assumption 1: let the pricing kernel of international investors

be an arbitrary random variable Mω
1 that satisfies E[Mω

1 ] = β. The equilibrium in this
economy can then be solved along the steps outlined in section 3 and appendix A.2.
Specifically, lemma 1 still applies for a given state ω, and by implication equation (22)
uniquely defines an increasing function µ0(B0). Finally, this enables us to obtain the
repayments and consumption allocations Bω

1 and Cω
T,1 as well as Bω

t≥2 and Cω
T,t≥2 across

all states of nature.
The emerging market economy will experience “contagion,” i.e. declines in consump-

tion and binding financial constraints, in all states of period 1 in which the international
pricing kernel exceeds a threshold M̂1, which is defined as the value for which the con-
straint marginally binds:

B1(M̂1, µ0(B0)) = κ
[
ȲT + σCT,1(M̂1, µ0(B0))

]
In all states with Mω

1 > M̂1, domestic agents repay so much to international investors
that their consumption Cω

T,1 is depressed, the exchange rate is depreciated, the financial
constraint is strictly binding and the economy experiences large capital outflows.

Proposition 6 (Contagion) In states of high global risk aversion Mω
1 ≥ M̂ω

1 , the do-
mestic economy experiences binding constraints. Decentralized domestic agents commit
to socially excessive payments to international investors in such states. The resulting
equilibrium exhibits socially excessive volatility.

As in our earlier discussion, decentralized agents do not internalize their contribution
to binding financial constraints. By cutting back on consumption, they depreciate
the exchange rate and tighten constraints for everybody else. A social planner would
save more against such states (macroprudential saving), which allows him to increase
consumption as a second-best means of mitigating the constraint and raising welfare.

In practice, we can think of two examples of state-contingent liquidity outflows from
emerging market economies that may correspond to our notion of contagion. One results
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from excessive exposure to risky financial instruments such as credit default swaps,
toxic mortgage assets etc. A second state-contingent risk sharing instrument, which
has historically been of even greater importance, is short-term debt.19 If international
capital markets experience a crisis and require liquidity as captured by a high Mω

1 ,
they simply refuse to roll over short term debts to emerging markets. Whenever the
resulting capital outflows are sufficiently large, financial constraints become binding
and the externality is triggered.

Emerging market agents provide too much insurance to international investors in
this setting, given the underdeveloped nature of their financial system. In an integrated
global financial system it would be desirable that global risks are fully shared among
all agents in all countries so that the relative marginal valuation of payoffs equate
among all market participants, i.e. Mω

1 =
βµω1
E[µω1 ]

. However, while emerging market

economies seem to be integrated into global markets in normal times, their access
to international financial markets is state-contingent: it is sharply reduced or even
lost whenever financing constraints on the economy become binding. Decentralized
agents find it privately optimal to participate in global risk-sharing by taking on risky
forms of finance, but they fail to internalize that the level of financial integration of
their economy during financial crises is endogenous: their private risk-taking decisions
affect the tightness of constraints in states of global crisis. Decentralized agents in
the described economy share global risks according to their privately optimal tradeoff
between risk and return; a social planner takes on global risk according to her tradeoff
between risk, return, and the endogenous level of financial integration, as captured by
the tightness of financial constraints.

6 Policy Implications

The externality in this paper is a by-product of financial amplification effects, i.e. it
arises when there are binding financial constraints that lead to feedback effects between
consumption, the level of exchange rates, and the tightness of constraints. Hence first-
best policy measures would attempt to break this mitigate the constraints so as to avoid
this feedback mechanism.

One way of doing so would be to correct the capital market imperfections that un-
derlie the financing constraints. While welfare will unambiguously improve if financial
constraints are completely abolished, it is difficult to predict a priori how a mere relax-
ation of the constraint as captured by an increase in κ would affect welfare, since the
relationship between the tightness of constraints and welfare may be non-monotonic
(Matsuyama, 2008).

Other measures that could potentially break the amplification effects would be to
alleviate binding constraints by providing transfer payments (“bailouts”) or by inter-

19While we have not explicitly modeled debts of different maturity structure in our model, short-
term debt can be viewed as a contract that pays out very little (interest only) in normal times when
such debt is typically rolled over, and that pays out a lot (repayment in full) whenever the liquidity
needs of international investors suddenly increase and they call the debt, e.g. in case of global financial
turmoil.
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vening to appreciate the exchange rate. In fact, both measures may be viewed in
similar terms in our model, since support of the real exchange rate can be thought of
as public purchases of tradable goods that are rebated to domestic agents so as to raise
their tradable consumption.20 While such measures may be optimal ex post, i.e. once
financial constraints are binding, we will show in the following subsection that they cre-
ate severe moral hazard problems. Under certain specific conditions, such government
interventions will be fully undone by the private sector.

6.1 Bailout Neutrality

Suppose that government commits to making a state-contingent transfer T ω to de-
centralized agents. In constrained states, we assume that the transfer T ω > 0 with
the intention of mitigating the binding constraints; in good states of nature, the gov-
ernment imposes lump-sum taxes, i.e. a negative T ω < 0, so as to make the policy
revenue-neutral in expectation, i.e. E[Mω

1 T
ω] = 0. Then the following result holds:

Proposition 7 (Bailout Neutrality) Decentralized agents will fully undo any antic-
ipated state-contingent government transfer T ω with E[Mω

1 T
ω] = 0.

The solution to the decentralized agent’s problem (18) is an optimal risk/return
trade-off. If the government provides an anticipated transfer T ω in period 1 that is
in expectation revenue-neutral, the agent does not experience any wealth effects in
period 0 and faces the same first-order conditions. He finds it optimal to sell state-
contingent payoffs in the amount T ω to undo the effects of the transfer, since the
decentralized equilibrium with excessive risk-taking constitutes his private optimum.
More specifically, if {Bω

1 , B
ω
t≥2, C

ω
T,1, C

ω
T,t≥2} describes the allocations in an economy

without government intervention, then the equilibrium of an economy with anticipated
revenue-neutral transfers T ω is {Bω

1 + T ω, Bω
t≥2, C

ω
T,1, C

ω
T,t≥2}, i.e. aside from the period

1 repayments that undo the transfer all allocations are identical.
A possible example of such behavior occurred in Russia during the financial crisis

of 2008, where the government had accumulated large amounts of foreign currency
reserves, while banks had accumulated equally large amounts of foreign currency debts
over the preceeding years, making the financial sector acutely exposed to the unfolding
global financial crisis.

Proposition 7 is closely related to the equivalence result of Barro (1974): According
to the traditional version of Ricardian equivalence, private agents undo any reallocations
of a given tax burden across time, given that they have access to perfect intertemporal
capital markets. In our bailout neutrality proposition, private agents undo a govern-
ment’s reallocations of liquidity across different states of nature, given that they have
access to perfect state-contingent markets. In both cases, rational agents recognize that
the government’s budget constraint is ultimately part of their own budget constraint.

Our proposition is subject to similar limitations as the traditional version of Ricar-
dian equivalence. In particular, the result depends on (i) the assumption that those

20Recall that in equilibrium, the real exchange rate is determined by the marginal rate of substitution
between tradable and non-tradable goods, as captured by equation (8).
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agents who receive transfers have access to a complete set of Arrow-Debreu markets in
order to undo the transfers and (ii) the assumption that in expectation, bailouts do not
create net redistributions between different categories of agents.21

Naturally, proposition 7 applies only to anticipated transfers. If a government trans-
fer was unanticipated, it would have the desired positive effects. By the same token, if
a transfer had been anticipated but is unexpectedly withheld, the crisis will be more
severe since private agents have taken on additional risk in anticipation of the transfer.

6.2 Second-best Policy Measures

Given the practical limitations of first-best policy measures that we dicussed in propo-
sition 7, it is desirable to analyze second-best policy measures that restore constrained
social efficiency. We focus on two forms of such measures, (i) taxes that aim to discour-
age the use of socially risk forms of finance ex ante and (ii) quantity restrictions that
limit capital outflows ex post in the event of financial crises.22

Ex-Ante Taxation The goal of ex-ante taxation of capital inflows is to raise the cost
of risky forms of finance so as to reflect the uninternalized part of the expected social
cost of repayments by decentralized agents.23 Section 4 discussed that the magnitude
of the externalities imposed by a security X was given by the expected product of the
planner’s externality kernel and the vector of payoffsXω of the security. A social planner
who imposes a tax of this magnitude on a security X induces agents to internalize the
externality associated with capital inflows by raising the cost of capital on each asset
to its socially efficient level.

Proposition 8 (Optimal Pigovian Taxation) The constrained social optimum can
be implemented by imposing a tax

t∗X = E [τω1 X
ω
1 ]

on any security X with contingent payoffs Xω
1 and by rebating the revenue in lump-sum

fashion.

Equivalent policy measures to explicit taxation include unremunerated reserve re-
quirements (URRs) or banking regulations that reduce the relative attractiveness of
risky forms of finance and induce a shift towards a liability structure that is less pro-
cyclical.

21If there is a set of agents in the economy who do not have access to state-contingent markets
(e.g. financially-constrained workers), then even an anticipated transfer to this group has real effects
and entails positive economy-wide financial amplification effects by expanding aggregate demand and
mitigating the fall in the exchange rate. This has important implications for the design of automatic
stabilizers that are effective against financial crises.

22There are a number of Ramsey equivalent policy measures that would induce decentralized agents
to internalize the full social value of liquidity in constrained states. We focus on the two chosen
measures since they correspond most closely to the capital controls implemented in practice (see e.g.
Magud and Reinhart, 2007).

23An important benefit of such ex ante measures is that they avoid issues of time consistency, which
arise for measures that are to be implemented ex post during financial crises.
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We also note that many tax systems around the world enable companies and house-
holds to deduct interest payments on at least some forms of debt from their taxes. This
introduces an important bias into the capital structure of economic agents that leads
to excessive debt financing and therefore magnifies the externality that we discussed.

It is sometimes argued that capital account regulations are undesirable because (i)
they increase the cost of finance for private firms and (ii) they give rise to evasion (see
e.g. Forbes, 2005). Let us discuss each of these arguments in turn. First, raising the
private cost of capital inflows to the social cost is precisely the point of such regulations
(just as environmental regulations raise the cost of pollution in order to discourage
it). Secondly, all regulation that imposes costly constraints gives rise to attempts to
circumvent it – this includes public health regulations or, to put it starkly, criminal
laws against murder. As this latter example illustrates, the existence of attempts to
circumvent regulation are not a good reason to abolish it; rather, they should encourage
regulators to come up with more robust rules and better ways of enforcement.24

Suspension of Capital Flows When financial constraints are binding and a country
experiences severe capital outflows (i.e. in states when Bω

1 � Bω
2 /R), a policy measure

of last resort has been to temporarily suspend international capital flows.25 In a rational
expectations framework, a policy rule that limits outflows in constrained states of nature
would reduce the amount of repayments that domestic agents commit to in such states.

In our analytical framework, such a rule can be captured as a ceiling on repayments
{B̄ω

1 } across the different states of nature.

Proposition 9 (Contingent Suspension of Capital Flows) The constrained social
optimum can be implemented by imposing a state-contingent ceiling B̄ω

1 = Bω,SP
1 on re-

payments in constrained states of nature and by setting B̄ω
1 = ∞ in unconstrained

states.

By implication, a credible and well-defined framework of conditional suspension of
capital flows, verified by an independent international arbiter such as the IMF, would
improve welfare by limiting risk-taking ex ante. In other words, given the full set
of Arrow securities in our framework, the existence of rules that limit repayments in
certain states of nature would bias the contingent liability structure of domestic agents
towards less risk-taking. This would make domestic agents better off while leaving the
welfare of international investors unaffected.

A policy rule to suspend capital flows during severe crises would also solve the
dilemma created by the bailout neutrality results in proposition 7, as decentralized
agents can no longer undo the effects of anticipated bailouts during financial crises:

24One proposal to enforce regulations on capital inflows is to make claims by foreign creditors that
have evaded capital controls unenforceable in court.

25In practice, ex-post quantity controls are considerably more difficult to implement than ex-ante
taxes, because they require the ex post verification of the state of nature. However, they have been
commonly used as a measure of last resort: for example, Radelet and Sachs (1998) describe that the
downward spiral and financial meltdown in the countries of the East Asian crisis came to an end
only when a temporary suspension of debt payments and a forced roll-over of debts was implemented,
brokered by the IMF and the US government.
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even if they attempted to take on additional risk, international investors would know
that the promised payments could not be repatriated when capital flows are suspended.

Financial Stability and Allocative Efficiency It is sometimes argued that poli-
cymakers that decide on the optimal level of financial regulation face a Pareto-frontier
along which there is a trade-off between financial stability vs. allocative efficiency, akin
to the tradeoff of risk vs. return faced by portfolio investors. According to this view, any
form of financial regulation enhances stability at the expense of efficiency. Our paper
clearly rejects this view: since there exist externalities in economies that are prone to
financial amplification effects, financial regulation can simultaneously enhance stability
and efficiency. In other words, in the absence of regulation, an economy is inside the
Pareto frontier, and well-designed regulation can make everybody better off.

7 A Sample Calibration

In order to investigate the quantitative relevance of our results empirically, we perform
a sample calibration of an externality kernel and derive the optimal tax on a number
of different forms of capital flows. We base our sample calibration on yearly historical
data of Indonesia over the past two decades (1989 – 2008).26

Our calibration method is in the spirit of the sufficient statistics approach of Chetty
(2009): we show that the externality kernel of a country that is prone to amplification
effects can be expressed as the product of two sufficient statistics that impose only min-
imal requirements on data availability: the wedge in the Euler equation of decentralized
agents and the extent of amplification effects.

There are two important benefits to this approach: First, it is independent of the
specific model structure that we assumed in earlier sections. Our calibration is valid
for any model of financial amplification effects in which a country’s external financing
capacity and the tightness of its constraints depend endogenously on the level of the
exchange rate (see e.g. Krugman, 1999; Schneider and Tornell, 2004; Mendoza, 2005;
Mendoza and Smith, 2006, among many others). In particular, the results of our cal-
ibration are robust to the simplifying assumptions we made in our analytical model,
such as uncertainty in period one only, or the simple model of the exchange rate we
employed, and the precise specification of financial constraints. Secondly, it does not
require estimating the structural parameters of the model, some of which might be
difficult to obtain empirically and not robust to small changes in the economic envi-
ronment, such as the parameters governing the financial constraint. In that sense, our
calibration approach and the magnitude of the externalities that we obtain are more
robust and reliable than what can be obtained by standard calibration exercises that
rely on a specific model structure. Our approach therefore provides for a more direct,
transparent and credible identification of the described externalities.

Let us note three caveats of our estimation approach below (which are, however,
unrelated to the sufficient statistics approach taken): First, since our calibration is
based on historical data, it does not account for permanent changes in the structure of

26Data from International Financial Statistics, IMF, 2009.
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the economy that might occur over time. Secondly, we assume the externality kernel is
constant over time. Thirdly, we implicitly assume a yearly maturity for the assets we
investigate. Financial payoffs that are of shorter (longer) maturity than one year may
impose larger (smaller) externalities. The framework could be adjusted to take these
factors into account, but this is beyond the scope of the illustration contained in the
current paper.

Our proposed sufficient statistics approach consists of five steps:

Step 1: Describe the set Ω of potential outcomes and identify constrained states: In
our example, we define Ω = {1989, . . . , 2008} as the state space, which we assume
representative for the Indonesian economy, i.e. we assign to each of these states a
probability πω = 5%. During the described time span, the Asian financial crises
of 1997/98 is the only incident in which a currency crises as defined by Frankel
and Rose (1996) and a sudden stop as defined by Calvo (1998) took place. The
crisis in Indonesia started in fall of 1997 and culminated in 1998 (Radelet and
Sachs, 1998). Since we are using yearly data, we attribute the entire crisis to the
calendar year of 1998.

Step 2: Quantify the tightness
λωDE

E[µωDE ]
of constraints: The tightness of constraints (as

perceived by decentralized agents) is given by the wedge in their Euler equation,
which we normalize by the expected marginal utility of decentralized agents. Real
consumption data during the crisis is unreliable due to the difficulties of estimating
proper deflators in a high inflation environment, hence we approximate the wedge
by using the economy’s percentage decline in real GDP ∆y1998 = −13.1% as
a guide for the decline in consumption and the difference in relative marginal
utilities that was experienced. Assuming a CRRA utility function with coefficient
of relative risk aversion γ = 2, a Taylor-approximation of this wedge yields

λ1998
DE

E[µωDE]
≈ −γ ·∆y1998 = 26.2%

We assumed in step 1 that Indonesia experienced no other episode of economy-
wide binding financial constraints, so we set λωDE = 0 for all other states of the
world ω 6= 1998.

Step 3: Estimate the strength of amplification effects: The factor κσ
1−κσ in equation (28)

captures how strongly a given change in aggregate demand affects the tightness
of financial constraints Kω in our model at the margin, i.e. κσ

1−κσ = dKω

dY ω
. For

data availability reasons, we approximate this marginal effect using the average
change in financing capacity. We capture this by the magnitude of the observed
current account reversal, ∆CA/Y , expressed in percent of GDP, that results from
a change in aggregate demand ∆Y/Y in constrained states:

κσ

1− κσ
=
dK1998

dY 1998
≈ (∆CA/Y )1998

(∆Y/Y )1998
=
−7.1%

−13.1%
= .54
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Asset category Real gross Externality Optimal
return in 1998 tax

Dollar debt 218% 30.7% 1.54%
GDP-indexed dollar debt 190% 26.8% 1.34%
CPI-indexed rupiah debt 100% 14.1% 0.71%
Rupiah debt 63% 8.9% 0.44%
Stock market index 44% 6.2% 0.31%

Table 1: Realized gross excess returns and externalities of different asset categories
in Indonesia, 1998.

We express the externality kernel as27

τ 1998 =
dK1998

dY 1998
· λ1998

DE = .54 · 26.2% = 14.1%

In other words, we estimate the externalities caused by a capital outflow from
Indonesia in 1998 to be equivalent to 14.1% of the amount of the outflow.

Step 4: Describe the payoff structure Xω of different assets in constrained states: In
order to obtain the externalities caused by different forms of capital flows, we need
to characterize the state-contingent payoffs of different asset classes in constrained
states. We compile a list of the realized gross excess returns of different asset
categories in 1998 measured in real domestic consumption units (i.e. local currency
units deflated by consumer prices) in the first column of table 1.

Step 5: Calculate the expected magnitude of the externality as E[τωXω]: The exter-
nality created by each payoff in a given state ω can simply be obtained as the
realized real gross return Xω multiplied by the externality kernel τω. We have
calculated this for Indonesia in 1998 in the second column of table 1.

Finally, since we assumed that the set Ω is representative of the long-run incidence
of adverse shocks and binding constraints, we express the expected magnitude
of the externality by multiplying this number with the probability of the state
π1998 = 5%. The results are given in the final column of the table.

We find the following pecking order of capital flows, ranked by the externalities they
impose on the recipient country:

• Dollar debt is characterized by large repayments in constrained states of the
world and therefore imposes a considerable externality on the borrowing economy.
Calibrated to the case of Indonesia, we found the size of this externality to be
30.7% in 1998, or an unconditional 1.54% per year in the long run decentralized
equilibrium.

27In a more general model, the fraction κσ
1−κσ might vary across different episodes of binding con-

straints and could be calibrated state-by-state as
(

κσ
1−κσ

)ω
. In the given example, this issue is not

relevant since we identified only one episode of binding constraints for Indonesia.
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• GDP-indexed dollar debt is dollar-denominated debt with coupon payments
that are linked to the country’s rate of growth. In Indonesia in 1998, the return
on such GDP-linked debt would have accordingly been by 13.1% less than on
non-indexed dollar debt. Since Indonesia’s exchange rate depreciated so sharply
in 1998, the gross return on such debt would have been 190%, imposing an ex-
ternality of 26.8% on the economy. GDP-linked debt that is denominated in for-
eign currency is therefore not a good insurance instrument for emerging market
economies.

• CPI-indexed rupiah debt acts like a real bond that is denominated in domestic
units of consumption. As such they protect investors from the inflation that typi-
cally occurs during crises, but they do not expose borrowers to the pro-cyclicality
exhibited by foreign currency debt instruments. In 1998, such debt would have
imposed a 14.1% externality on Indonesia.

• Rupiah debt lost value as the country’s price level was inflated in 1998, which
is typical during emerging market crisis. This implies that non-indexed local
currency debt is an excellent insurance instrument, exhibiting only an 8.9% ex-
ternality during the Indonesian crisis of 1998.

• Portfolio investment in emerging equity markets looses value in crises, both
because share prices denoted in domestic currency fall and the currency itself
depreciates. In our sample calibration, an investment in the stock market index
created only a 6.2% externality in 1998 – one fifth of the externality imposed by
an inflow of dollar debt of identical magnitude.

• Foreign direct investment (omitted from table) is unlikely to yield profits
during crises and therefore to entail profit repatriations and capital outflows.
From this point of view, foreign direct investment is the one form of finance that
does not create negative externalities.28

8 Conclusions

This paper showed that the financial amplification effects that arise during emerging
market financial crises create an externality that induces decentralized agents to take
on excessively risky forms of finance and expose the economy to too much systemic
risk. The resulting macroeconomic equilibrium exhibits socially excessive volatility in
the tightness of financial constraints, in capital flows, and in consumption.

We described the necessary building blocks of an optimal regulatory system for in-
ternational capital flows in emerging market economies that makes decentralized agents
internalize the externalities they impose on the rest of the economy. This would allow

28If a parent company injects additional liquidity into its emerging market subsidiary during crises,
then the resulting capital inflows entail positive externalities that would call for a subsidy, since they
raise aggregate demand and mitigate financial amplification.
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emerging market economies to enjoy the benefits of financial globalization while mit-
igating the pitfalls in the form of frequent financial crises, thereby increasing social
welfare.

Aside from distorting financing decisions in an emerging market economy, we expect
that the same externality also creates distortions in their investment decisions: First,
since decentralized agents do not internalize the full social cost of capital, they would
generally invest too much (see e.g. Lorenzoni, 2008, for a closed economy example).
Secondly, since they undervalue payoffs in constrained states of nature, their investment
decisions would be biased towards excessively pro-cyclical projects and they would
undervalue the benefits of diversification. These questions are the subject of our ongoing
research.

While the current paper has analyzed this externality in an open economy model of
amplification effects, a similar mechanism arises more generally whenever an economy
is subject to financial amplification effects whereby declines in certain prices (such as
exchange rates, asset prices etc.) and reductions in output (e.g. because of balance sheet
effects) mutually reinforce each other. The essential feature is that atomistic agents take
macroeconomic prices as given, even though price declines exacerbate the tightness of
constraints that play such an important role in financial amplification effects. For a
related analysis in a closed-economy model where financial crises entail feedback effects
between declining asset prices and tightening financial constraints see Korinek (2010).
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A Appendix [online only]

A.1 Optimization Problem of Decentralized Agents

We formulate the Lagrangian associated with the optimization problem in section 2 as

L =E
∞∑
t=1

βt
{
u
(
CωT,t(C

ω
N,t)

σ
)
− µ0

[
B0 + Ī − E(Mω

1 B
ω
1 )
]

(A.1)

− µωt
[
Bωt + Ī + CωT,t + pωN,tC

ω
N,t − Y ωT,t − pωN,tȲN − E(Mω

t+1B
ω
t+1)

]
−λωt

[
E(Mω

t+1B
ω
t+1)− κ

(
Y ωT,t + pωN,tY

ω
N,t

)]}
This Lagrangian is optimized with respect to the variables {CωT,t, CωN,t, Bωt+1}.

A.2 Decentralized Period 1 Repayment Function

If the financial constraint is loose in state ω of period 1, then consumption will be constant from period
1 onwards. The steady-state level of debt consistent with a level of consumption CT,1(Mω

1 , µ0) is

Bt≥2(Mω
1 , µ0) =

R

R− 1
[
ȲT − Ī − CT,1(Mω

1 , µ0)
]
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This requires an optimal period 1 repayment that insures against the productivity shock in period 1,

Bunc1 (Mω
1 , µ0) = Bt≥2(Mω

1 , µ0) + Y ωT,1 − ȲT (A.2)

which satisfies ∂Bunc1 /∂µ0 > 0. The resulting steady-state level of debt will indeed satisfy the financial
constraint if

Bt≥2(Mω
1 , µ0) ≤ κ

[
Y ωT,1 + σCT,1(Mω

1 , µ0)
]

(A.3)

If the constraint is binding in some states of nature, then there is a unique threshold ω̂(µ0) ∈ Ω that
partitions the set Ω into a constrained region Ωunc(µ0) = {ω ∈ Ω : ω < ω̂(µ0)} and an unconstrained
region Ωunc(µ0) = Ω\Ωcon(µ0) for a given µ0. This follows since the left-hand side of the constraint is
decreasing in ω whereas the right-hand side is increasing in ω.

In the constrained region, the contingent period 1 repayment is determined by substituting the
optimal level of consumption (21) and the binding constraint into the period 1 budget constraint,

Bcon1 (Mω
1 , µ0) = (1 + κ)Y ωT,1 − Ī − (1− κσ)CT,1(Mω

1 , µ0) (A.4)

At the threshold ω̂(µ0), we find that Bcon1 (M ω̂
1 , µ0) = Bunc1 (M ω̂

1 , µ0). For a given µ0, the function
B1(Mω

1 , µ0) is therefore continuous in Mω
1 and satisfies 1.

Equation (22) can be solved uniquely for a function µ0(B0) that is strictly increasing ∂µ0/∂B0 >
0.29

The threshold for initial debt B̂0 below which the financing constraint is always loose is defined
implicitly by the value of B0 such that the constraint is marginally binding in the lowest endowment
state ωmin of period 1,

Bunc
1 (Mωmin

1 , µ0(B̂0)) = κ
[
Y ωmin
T,1 + σCT,1(Mωmin

1 , µ0(B̂0))
]

(A.5)

B̂0 is uniquely defined since the left-hand side of this equation is increasing in B0 and the right-hand
side is decreasing in B0.

A.3 Threshold for Binding Financial Constraints

Starting from the inequality
B2/R ≤ κ (YT,1 + σCT,1)

we substitute for the unconstrained values B2 = B1 − (YT,1 − ȲT ) and CT,1 = ȲT − Ī − R−1
R B2 to

obtain

B1 + ȲT − YT,1 ≤ κR
{
YT,1 + σ

[
ȲT − Ī −

R− 1
R

(
B1 + ȲT − YT,1

)]}
Collecting terms yields

B1 ≤ B̂(YT,1) :=
κRYT,1 + κσR(ȲT − Ī)

1 + κσ(R− 1)
+ YT,1 − ȲT (A.6)

which satisfies ∂B̂/∂YT,1 > 0.

A.4 Thresholds for Initial Debt Level

Decentralized Equilibrium Denote the state of nature for which the economy’s endowment takes
the average value Y ωT,1 = ȲT as ω̄. We define the threshold B̄DE0 as the initial debt level which implies
that the constraint is marginally binding in state ω̄ of the decentralized equilibrium:

Bunc1 (M ω̄
1 , µ0(B̄DE0 )) = κ

[
ȲT + σCuncT,1 (M ω̄

1 , µ0(B̄DE0 ))
]

(A.7)

29In applying the Leibniz rule to the expectation term in (22), the terms containing the derivatives
of the limit ∂ω̂/∂µ0 drop out because the function B1(Mω

1 , µ0) is continuous at ω̂, i.e. Bcon
1 (M ω̂

1 , µ0) =
Bunc

1 (M ω̂
1 , µ0).
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This threshold is unique as the left-hand side is increasing in B0 and the right-hand side is decreasing
in B0.
Constrained Social Optimum We define the threshold B̄SP0 for which the social planner’s allocation
implies marginally binding constraints in state ω̄ by the implicit equation:

Bunc1 (M ω̄
1 , µ

SP
0 (B̄SP0 )) = κ

[
ȲT + σCT,1(M ω̄

1 , µ
SP
0 (B̄SP0 ))

]
Since µSP0 (B0) > µDE0 (B0) whenever there are binding constraints in some states of nature, it follows
that B̄SP0 ≤ B̄DE0 with strict inequality if constraints bind in some states of nature.

Therefore we define the threshold relevant for assumption 3 as B̄0 = B̄SP0 .

A.5 Optimization Problem of Constrained Planner

The constrained planner solves a problem similar to (A.1), with the only difference that she recognizes
that the exchange rate in the constraint (4) is in equilibrium determined by the level of tradable
consumption pωN,t = σCωT,1. This modifies the earlier Lagrangian to

L =E
∞∑
t=1

βt
{
u
(
CωT,t(C

ω
N,t)

σ
)
− µ0

[
B0 + Ī − E(Mω

1 B
ω
1 )
]

− µωt
[
Bωt + Ī + CωT,t + pωN,tC

ω
N,t − Y ωT,t − pωN,tȲN − E(Mω

t+1B
ω
t+1)

]
−λωt

[
E(Mω

t+1B
ω
t+1)− κ

(
Y ωT,t + pωN,tY

ω
N,t

)]}
This Lagrangian is optimized with respect to the variables {CωT,t, CωN,t, Bωt+1}.

A.6 Planner’s Period 1 Repayment Function

By substituting CωT,2 = ȲT − Ī−κ(R−1)[Y ωT,1 +σCconT,1 ] into equation (26), we obtain an expression that
implicitly defines the constrained planner’s optimal period 1 consumption function Ccon,SPT,1 (Mω

1 , µ0)
for constrained states ω ∈ Ωcon:

u′(Ccon,SPT,1 )− κσu′
(
ȲT − Ī − κ(R− 1)

[
Y ωT,1 + σCcon,SPT,1

])
1− κσ

= µ0M
ω
1 (A.8)

The left-hand side of this expression is strictly decreasing in CT,1; therefore the resulting consumption
function Ccon,SPT,1 (Mω

1 , µ0) is uniquely determined and satisfies ∂Ccon,SPT,1 /∂Mω
1 < 0 and ∂Ccon,SPT,1 (·)/∂µ0 <

0. This level of consumption is obtained by contracting a level of period 1 repayments

Bcon,SP1 (Mω
1 , µ0) = (1 + κ)Y ωT,1 − Ī − (1− κσ)Ccon,SPT,1 (Mω

1 , µ0) (A.9)

which is increasing in both Mω
1 and µ0. (Note that the partial derivatives of the decentralized solutions

(21) and (A.4) have the same signs as those of the planner.)

39


