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1 Introduction

A nontrivial fraction of financial intermediation in emerging markets is character-
1zed by what Calvo (2002) labeled “hability dollarization™: Banks intermediate
capital inflows denominated in hard currencies (i.e., units of tradable goods) into
domestic loans denominated in national currencies (i.e., units of national consumer
prices). In South Korea or Mexico, for example, dollar inflows are lent out typically
in domestic currency units, and the same happens with a sizable share of Euro and
Swiss Franc inflows in the emerging markets of Eastern Europe. A report by the
Bank for International Settlements showed that in 2007, just before the global finan-
cial crisis, the ratio of foreign currency liabilities to total liabilities of commercial
banks in emerging markets was about 40% in Latin America, 25% in Europe, and
15% 1n Asia, Africa, and the Middle East, and the median ratio of external liabilities
to gross loans in emerging markets was about 36%.' Using IMF data, Eichengreen
and Hausmann (1999) reported that in 1996, just before the Asian Crisis, the ratios
of foreign liabilities to total assets in commercial banks ranged from 143% in Indo-
nesia to 775% in Thailand.

The workhorse Sudden Stops (SS) model that has been widely used to study
macroprudential policy in emerging markets to date abstracts from liability dollar-
ization, because it is built upon the canonical Dependent Economy framework of
International Macroeconomics.” This framework includes income and consumption
of tradable and nontradable goods but assumes that debt is denominated in units of
tradables. SS models consider a stochastic variant of this setup in which domestic
agents borrow by selling nonstate-contingent bonds denominated in units of trada-
bles, facing a credit constraint by which their debt cannot exceed a fraction of their
income, part of which originates in the nontradables sector.” The key element of
SS models 1s that the collateral provided by nontradables income is valued at the
market-determined price of nontradable goods relative to tradables, which yields
two central implications: first, it introduces the Fisherian debt-deflation amplifi-
cation mechanism, by which a binding collateral constraint triggers a feedback
mechanism linking reduced borrowing capacity, decreased consumption of tradable
goods, and collapsing relative prices. Second, it introduces a “macroprudential”
pecuniary externality, by which agents do not internalize in good times the effect
of their borrowing decisions on relative prices and borrowing capacity in bad times
when the credit constraint binds. These two features of the SS setup are related,
because the magnitude of the pecuniary externality is determined by the size of the
Fisherian amplification effect on prices (see Mendoza 2016). Quantitative studies

' Capital Flows and Emerging Market Economies, CGFS Papers No. 33, Bank for International Settle-
ments, January 2009.

* This framework originated in the seminal articles by Salter (1959), Swan (1960), and Diaz-Alejandro
(1965).

* This setup originates in the work of Mendoza (2002). Studies that explore the models’ norma-

tive implications, and in particular the implications for macroprudential policy, include Bianchi
(2011), Benigno et al. (2016), Korinek (2011), Schmitt-Grohé and Uribe (2017), Bianchi et al. (2016),
and Hernandez and Mendoza (2017).
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(e.g., Bianchi 2011; Bianchi et al. 2016) have shown that both financial amplifica-
tion and pecuniary externalities are large in SS models and that optimal macropru-
dential policy reduces significantly the frequency and magnitude of Sudden Stops.

The assumption that domestic debt is in units of tradables simplifies theoretical
and quantitative work with SS models significantly, but it also rules out liability dol-
larization by construction. Intermediaries in these models can be viewed as either
domestic or international banks that raise funds by issuing liabilities 1n tradables
units at the world real interest rate, and lend them to domestic agents in the same
units and at that same rate but requiring them to post collateral.” Interestingly, previ-
ous strands of the literature on emerging markets crises did introduce liability dol-
larization, particularly with the aim of studying aggregate implications of balance
sheet effects and bank failures resulting from large devaluations (e.g., Choi and
Cook 2004; Céspedes et al. 2004). This literature, however, did not focus on the
implications of liability dollarization for private (nonfinancial) borrowers, which are
the main focus of this study.

This paper shows that modeling the effects of liability dollarization on domestic
borrowers alters significantly the results derived from SS models. In particular, we
propose a model of Sudden Stops with liability dollarization (SSLD) in which inter-
mediaries raise funds abroad in units of tradable goods but lend them out to domes-
tic agents in units of the country’s aggregate consumption good, represented by a
CES composite of tradables and nontradables. As in standard SS models, the value
of newly issued debt cannot exceed a fraction of the market value of income in units
of tradables. In order to focus on the effects of liability dollarization on domestic
borrowers, we assume that there are no other frictions in financial intermediation.
Banks simply arbitrage the cost of raising funds abroad versus the expected return
of domestic loans. Bank liability is unlimited and there are no restrictions on equity
issuance or dividends, so that bank failures do not play a role in crisis dynamics in
the model.

Liability dollarization introduces three key effects that operate via real exchange
rate movements. First, if a country experiences a real appreciation, the higher “ex
post” value of the real exchange rate increases the domestic debtors’ burden of
repaying outstanding debt, because repaying debt denominated in units of aggregate
consumption takes up more resources at a higher real exchange rate (a higher rela-
tive price of CES consumption in units of tradables). Second, if instead of a higher
current real exchange rate, the future real exchange rate is expected to increase, arbi-
trage by intermediaries facing a given opportunity cost of funds raises the price they
are willing to pay for newly issued domestic debt denominated in units of aggre-
gate consumption, which lowers the interest rate on this debt and strengthens bor-
rowing incentives. Third, even with unchanged current and expected real exchange
rates, the negative conditional covariance between future marginal utility and future
real exchange rates incentivizes risk taking (i.e., additional borrowing) because
it creates a negative premium on the domestic real interest rate, which lowers the

* This implies that the standard SS models of macroprudential policy do not justify the use of capital
controls as an instrument to discriminate foreign versus domestic credit. See Sect. 4.1 for details.
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marginal cost of borrowing for domestic agents. Moreover, these three effects inter-
act with precautionary savings incentives by altering the volatility of income and the
expected return on nonstate-contingent domestic assets.

The three effects of hability dollarization produce major differences in the posi-
tive and normative predictions of the SSLLD model relative to SS models. Regarding
positive findings, we show that under perfect foresight, the debt-repayment-burden
effect has two major implications: it makes Sudden Stops milder and multiple equi-
libria harder to obtain. Multiplicity requires significantly higher limits on debt-to-
income ratios and income realizations that fall within a narrower range of relatively
high values. These results are illustrated with quantitative examples for a widely
used calibration for the case of Argentina borrowed from the work by Bianchi
(2011), and also for a calibration similar to that used in the recent study on multi-
plicity in SS models by Schmitt-Grohé and Uribe (2018).

The normative analysis yields three important results. First, by studying the
optimal policy of a social planner acting with commitment under uncertainty, we
identify a new pecuniary externality distorting the competitive equilibrium, which
we label the “intermediation externality.” This externality coexists with the macro-
prudential externality of SS models and results from the planner’s incentives to
respond to the three effects of liability dollarization, which are not internalized by
private borrowers because they operate through market-determined prices (i.e., real
exchange rates). Moreover, this externality 1s present even without credit constraints,
and 1t can increase or reduce the social marginal cost of borrowing relative to its pri-
vate counterpart. Hence, it can result in either underborrowing or overborrowing in
the unregulated competitive equilibrium.

Second, we show that the optimal policy under commitment is time inconsistent
(1.e., lacks credibility). The planner has the incentive to pledge higher future con-
sumption to sustain higher expected real exchange rates, and thus reduce ex ante real
interest rates at present. Once the future arrives, however, high real exchange rates
are undesirable because of the higher debt repayment burden.

Third, the planner’s optimal policy does not justify the use of capital controls,
because it can be decentralized with an effective debt tax in which capital controls
and taxes on domestic borrowing are equivalent. As in studies of optimal macro-
prudential policy in SS models with debt-to-income constraints, the planner cannot
alter equilibrium allocations when the credit constraint binds. When it does not bind,
it tackles the intermediation and macroprudential externalities by equating the social
marginal cost of borrowing with its private counterpart, and this requires only an
effective tax on debt. This debt tax can be managed equally with just taxes on capital
inflows or on domestic credit, or any mix of both that supports the optimal effective
debt tax rate. Hence, a differential tax treatment on foreign versus domestic credit is
not justified.

Since the optimal policy lacks credibility and yields a complex, nonlinear schedule
of effective debt taxes, we conduct a quantitative exploration of the effectiveness of a
simple policy strategy that uses constant taxes on domestic debt and capital inflows,
using again the calibration for Argentina taken from Bianchi (2011). In this analysis,
the budgetary eftects of both taxes are transferred to domestic private agents, which
allows capital controls to prop up borrowing capacity when credit is constrained, and

£
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hence capital controls and domestic taxes need not be equivalent. The results show
that the welfare-maximizing pair of constant taxes features a higher tax on domestic
debt than on capital inflows, lowers the probability of Sudden Stops slightly, and yields
a small welfare gain (while other tax pairs of similar magnitudes can reduce welfare
sharply). Thus, under the best arrangement of constant taxes, the use of capital controls
is justified, but capital inflows are taxed at a lower rate than domestic credit. Moreover,
for tax pairs that support high effective debt taxes, capital controls and domestic debt
taxes are again equivalent, and for other pairs, welfare is higher with higher taxes on
domestic debt than on capital inflows.

The rest of the paper proceeds as follows: Sect. 2 describes the model and charac-
terizes the unregulated competitive equilibrium. Section 3 provides a theoretical and
quantitative characterization of the differences between the SS model and SSLD mod-
els. Section 4 describes optimal financial policy of a social planner acting under com-
mitment and the quantitative analysis of constant taxes on domestic debt and capital
inflows. Section 5 provides conclusions.

2 Model Structure
2.1 Private Agents

Consider a small open economy where a representative agent consumes tradable goods
(c’) and nontradable goods (c"). Preferences are given by a standard expected util-
ity function with a constant-relative-risk-aversion (CRRA) period utility function that
depends on a CES composite good c,:

o0 I'__}le.—
[E[} Z .ﬁrff{fr), ”{ﬂf\’l - -['_'_i {1}
=0 =
where
A
e, =[o(c) " +U=-a) ()] ", n>-1, we (). (2)

E(-) is the expectation operator, £ is the discount factor, y is the coefficient of relative
risk aversion, and 1 /(1 + ) is the elasticity of substitution between .*:?3r and ﬁ"' :

The relative price of nontradable goods in units of tradables is denoted p/', and the
relative price of the composite good ¢, in units of tradables is denoted p{. Following
standard practice (see Obstfeld and Rogoff 1996, p. 227), we apply the duality theory
of consumer choice to characterize this price as the price index that corresponds to the
minimum expenditure r:f' + pf‘r c“:‘r such that ¢, = 1. The price index is given by:

I +if

| | e
Pl = mm+{]—ru}m{pf"r)'+"] : (3)
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This relative price is also the economy’s consumer-price-based measure of the real
exchange rate, because foreign prices are normalized to 1 for simplicity and pur-
chasing power parity in tradables holds, and hence the ratio of domestic to foreign
consumer prices is the same as p{. Notice also that p is a monotonic, increasing
function of p.

The agent receives a stochastic t:nd{:-wment of tradable goods y’ and a fixed
endowment of nontradable goods v 1‘ and can trade nunstate-cnntmgﬂnt bonds bf
denominated 1n units of ¢, at a price ¢ with financial intermediaries. Choosing the
price of tradables as the numeraire, the agent’s budget constraint is:

apbl,, +cf +p'c) =pb] +y] +p)5" 4
The left-hand side of this expression shows the uses of the agent’s income in units of
tradables: purchases (sales) of bonds that require (generate) resources by the amount
q;p;bi, when b’ >0 (b , <0), plus total expenditures in consumption of trada-
bles and nontradables. The right-hand side shows the sources of the agent’s income:
income from maturing bond holdings ;}‘"b‘ (or repayment of debt if ¢ < 0), the real-
ization of the endowment of tradables ~.= , and the value of the mmtradablea endow-
ment in units of tradables pN v . The thEhdSth process of the tradable endowment
follows a standard Markov process to be specified later.

Borrowing requires collateral in the same way as in standard SS models. Hence,
only a fraction of the agent’s income 1s pledgeable as collateral, and as a result, the

agent cannot borrow more than a fraction x of total income in units of tradables:

e . —N
qapibl,, 2 —k0] +p)y). (5)

The representative agent chooses the stuchasnc sequences {c/, Y, b };}r; t0 maxi-
mize (1) subject to (4) and (5), taking b”,, , and -{p” P q,, v"' }f}n as given.

2.2 Financial Intermediation

We assume that there are deep-pockets, risk-neutral financial intermediaries who
float bonds in international markets at a world-determined price ¢* (i.e., the inverse
of the gross world real interest rate, R* which is kept constant for simplicity). They
use the resources raised this way to fund purchases of the bonds that domestic agents
issue in order to borrow. These intermediaries price domestic bonds according to
this standard no-arbitrage condition:

it[E ¢
Gt = f‘”l - (6)
I

The price of domestic bonds issued at date t has associated with it the ex ante
R*p
domestic real interest rate in units of ¢ given by R..&®8li¢= P | This 1s the
|'+|

X
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rate at which domestic bonds are contracted at date ¢, and the expected real exchange
rate (E, [p:;l]] is one of its key determinants. Similarly, the ex ante domestic real
interest rate in units of tradables is defined as RL = | /{q:’pf], and it is also deter-
mined by the expected real exchange rate. In contrast, the value of the real exchange
rate realized at 7 + 1 (p;, ) determines the ex post real interest rate paid in units of

L] L] - == E- L] L] - - -
tradables, which is given by R! = %F:*' with an associated implied price of
" 3 & I =
g7 = 9P As we show later, the difference between these ex ante and ex post interest

P:-H
rates plays a central role in driving the effects of lability dollarization.

Except for liability dollarization, this is a frictionless characterization of financial
intermediation. Banks have unrestricted access to world capital markets, intermedia-
tion does not incur any costs other than the funding cost R*, and banks can pay nega-
tive dividends and can always cover a shortfall between income from loans paid by
domestic agents and repayment to foreign creditors with additional external borrowing.
These assumptions are made so that we can isolate the effects of liability dollarization
on the borrowers (i.e., the nonfinancial private sector), which have not been considered
in the Sudden Stops literature before, and they also simplify both the theoretical analy-
sis and the numerical solution of the model. On the other hand, modifying the model to
add intermediaries exposed to financial distress because of lability dollarization is of
course an important item for further research.

3 Competitive Equilibrium and Comparison with Standard Models

The competitive equilibrium of the SSLD model is given by sequences of allocations
(T, N, b5, }ys0 and prices {p, p¢,q; | ., that solve the optimization problem of the
representative agent, satisfy the no-arbitrage condition of the financial intermediaries,
and satisfy also the market-clearing condition of the nontradables sector (¢," = 7") and
the resource constraint of the tradables sector (¢] = y! — ¢“pb¢, | + p¢b)).

o+l
The equilibrium conditions are the following:

i CT n+l
(52)(3) o

uy(t) =ﬁ[E,[uT{! + l}ﬁL] + U, (8)

sl 2= r’y;r + pf’ﬁ”‘ with equality 1f g, > 0, (9)
q;r; = q4'E|p;,,| (10)

N=5 (11)
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¢, =y —qipibl,, +pib,, (12)

where u, 1s the nonnegative Lagrange multiplier on the credit constraint and
ur(1) = u'(c,)dc,/oc’. Notice also two implications of these equilibrium conditions
that will play an important role in the analysis that follows: first, (3), (7), and (11)
imply that at equilibrium the price of nontradables and the price of consumption are
increasing functions of tradables cnnsumptmn denoted p"‘"{cT) and pf{cr) respec-
tively. Second, if the credit constraint binds, .-: is in fact mdependﬂnt of the. value of
u, and is given by the solutions to the ﬁ::-ll::}wmg nonlinear equation in ff formed by
conditions (7), (9) holding with equality, (11) and (12):

-:‘:r =(1+ E)}’r - rp”(tf]ﬁﬁ + p“(cfﬂ}bf. (13)

3.1 Comparison with Standard 8S Models

We compare the above equilibrium conditions with those pertaining to the standard
model of Sudden Stops in order to isolate the effects of liability dollarization.® In
particular, since debt is nonstate-contingent, liability dollarization introduces three
key effects that result from the fact that borrowers are affected by real exchange rate
fluctuations that induce movements in ex ante and ex post real interest rates, and
these effects are present even without the collateral constraint (although their magni-
tude does change with credit constraints).

. Fluctuations in the debt repayment burden: At any date t, the burden of repay-
ing debt (b7 < 0) contracted at 1 — 1 is ptb¢. Hence, variations in the realized
real exchange rate alter the repayment burden. A real appreciation (depreciation)
increases (reduces) it, inducing noninsurable fluctuations in income disposable
for tradables consumption. This income effect can also be interpreted in terms
of changes in the ex post real interest rate in units of tradables. A real apprecia-
tion (depreciation) increases (reduces) the burden of debt repayment because it
increases (reduces) the ex post real interest rate. Moreover, these fluctuations
increase effective income volatility and thus strengthen incentives for precaution-
ary savings, which weaken incentives to borrow.

2. Fluctuations in the price of new domestic debt: The intermediaries’ pricing
condition (6) implies that, for a given world interest rate, the price of newly
issued domestic bonds in units of tradables gfp¢ rises when the real exchange
rate 1s expected to appreciate, which implies that the ex ante domestic interest
rate in units of tradables RLI falls. Since we are studying an economy with debt
(b7, <0), this fall in the intertemporal relative price of .-:."fr triggers income and
substitution effects pushing for debt to increase. The lower interest rate also weak-
ens self-insurance incentives.

3 The e-quilihrium conditions in the standard models differ in that R* replaces EL in condition (&), the
terms g, p;b; | and pib; are replaced with ¢*b,, | and b, where b, are bonds in units of ¢/, and condition

(10} 1s removed.
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3. Risk-taking borrowing incentive: The marginal cost of borrowing faced by domes-
tic agents falls because of the positive co-movement between consumption and
the real exchange rate. This result is evident if we rewrite the Euler equation for
domestic bonds as follows:

ur(f) = pR*E, [”T(f + i}] + fCov, (up(r + 1), REY+ ;. (14)

t+1

The marginal cost of borrowing in the right-hand-side of this expression differs
from the standard SS model with debt in units of tradables only because of the
term fCov, (up(t + 1), ﬁf;_l ). This term 1s negative because uy(t + 1) 1s decreas-
ing in CL and tradables consumption and the price of consumption are posi-
tively correlated. Hence, the marginal cost of borrowing is lower than in the
standard model. In fact, since ¢!, and p¢ , are perfectly correlated,

r+1 i+l
=7 + _ —olur(t+e,(pi, ) ¥R i
Cov,(ur(t+1),R,, ) = — 'E:[PL.;] -, where o,(u(t + 1)) and 6,(p¢, , ) are con-

t+1
ditional standard deviations of marginal utility and the real exchange rate,
respectively. As a result, the risk-taking borrowing incentive strengthens when
tradables marginal utility is more variable and/or the coefficient of variation of

o.(pt..). . ; : ; ; ;
the real exchange rate {,’{’i} rises. This result also imphes that, for given
141

standard deviations of marginal utility and prices, the risk-taking incentive
weakens when the real exchange rate is expected to appreciate. Hence, an
expected real appreciation triggers opposing effects on borrowing incentives: it
weakens the risk-taking incentive but strengthens the effect on the price of new
debt.
Because of these three effects, Sudden Stops will differ in magnitude and frequency
across SSLD and SS models with identical parameters, and they may occur at dif-
ferent levels of debt and income. If the constraint binds in both models for a given
value of }f. however, allocations and prices will differ only due to differences in
the repayment burden of the outstanding debt. This is because when the constraint
binds, c;"“ is determined by the nonlinear equation (13), and this equation differs
across the two models only because of the debt repayment terms. Still, along the
equilibrium path of each model, the magnitude and frequency of Sudden Stops will
differ depending on the outstanding debt (b¢) and the size of income shocks (}f}
needed to trigger the constraint in each economy. The outstanding debt that trig-
gers Sudden Stops is endogenous and depends on the history of previous income
shocks and optimal debt decisions, which differ in the two models because of the
three effects described above. Similarly, the frequency of Sudden Stops will differ
depending on the long-run probability with which each economy reaches states with
enough debt to trigger a Sudden Stop.

SS models also have the property that while they can support unique equilibria,
so that a particular sequence of income causes a shift from a unique unconstrained
equilibrium to a unique constrained one, they can also support equilibrium multi-
plicity, so that for a given income level there can be both constrained and uncon-
strained equilibria and which one prevails depends on a “sunspot” variable (see,
e.g., Schmitt-Grohé and Uribe 2017, 2018). Because multiplicity emerges due to
the possibility of supporting more than one equilibrium when the credit constraint

¥
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binds, due to the responses of collateral values and optimal debt choices, it is rea-
sonable to expect that liability dollarization should also lead to differences across
the SS and SSLD models in the conditions required for multiplicity and 1n the char-
acteristics of multiple equilibria.

In the remainder of this section, we compare the characteristics of Sudden Stops
and multiple equilibria in the two models in a perfect-foresight environment, in
which the solutions of the models can be fully characterized analytically. For a com-
parison of quantitative solutions of stochastic versions of the models, see Mendoza

and Rojas (2017).

3.2 Perfect Foresight Analysis

Under perfect foresight, ex ante and ex post real exchange rates and interest rates are
the same. As a result, the Euler equation and resource constraint of the SSLD model
can be rewritten as follows (assuming the standard no-Ponzi-game condition):

up(t) = ) + u,, (15)
Z R*_ff-‘f‘ oo Z R*"}’:I +pbe, (16)

where Zr_ﬂ R"‘“"}-‘fl = W, 1s the tradables nonfinancial wealth of the economy. These
two conditions, together with (7), (9), and (11), characterize fully the SSLD equilib-
rium under perfect foresight. Following Mendoza (2005), we simplify the analysis
by assuming that fR* = 1, by <0 (i.e., the economy starts with some debt), initial
tradables income is lower l]‘%dﬂ in the future S0 thdl agents would want to set b < 0,
and we study wealth-neutral ahﬂcks such that v“ changes keeping W] constant, henu::e
inducing agents to borrow more.” For a sufficiently large cut in v/, the collateral
constraint binds, but for smaller shocks it does not.

If the collateral constraint does not bind, and since fR* = 1, tradables consump-
tion 1s constant at the standard value of textbook models of consumption smoothing:

(?

= (1= HY(Wy + pb5). (17)

It 1s straightforward to verify that the conditions that characterize the perfect-fore-
sight equilibrium of the SS model are almost identical and yield an analogous solu-
tion for tradables consumption, except for one difference: in the term that repre-
sents financial wealth in the right-hand side of (17), financial wealth is given by the
term b, in the SS model (with bonds denominated in tradables), versus pobyg in the
SSLD model. These two terms will differ in general, because for given values of

_A wealth nr::utraI income shock at r=0 is defined by income levels Ur,}‘r y such that
-3 =R - }'E}and H = y' fort > 2. Hence, wealth remains constant at W,, = J*Tﬁl - .
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the exogenous initial conditions by and by, the equilibrium value of the imtial price
p,, determines whether the burden of repayment of the initial debt is higher in the
SSLD or the SS case. However, taking the equilibrium price of nontradables p-5%
from an unconstrained solution of the SS model for a given b, we can compute the
implied value of the consumption price index p®® and then define a threshold initial
debt level in the SSLD model such that b = b, /p®SS. At this debt level, the SSLD
and SS models yield identical unconstrained perfect-foresight equilibria because
both financial and nonfinancial wealth 1s the same.

If b, < bf}, the SS model yields higher tradables consumption and prices than
the SSLD model.” Consumption rises by less than the reduction in debt because the
increase in p° increases the debt repayment burden and hence offsets some of the
effect of the lower debt. Because of perfect foresight, the effects of liability dollari-
zation operating via the price of newly issued debt and the risk-taking incentive are
ruled out. Only the effect operating via the debt repayment burden is at work. Note
that when b, > b, the I‘EEI.IIL‘-] presented above go in the opposite direction.

If the reductmn in yﬂ is sufficiently large to make the cnlldteml constraint bind at
t = 0, a Sudden Stop occurs. Condition (12) implies that f: falls, because access to
debt to sustain tradables consumption is constrained. Then, 11 follows from condition
(7) that pf" falls to clear the nontradables market. This generates a further tightening
of the collateral constraint, because it reduces the value of collateral provided by
the nontradables endowment in condition (9). Formally, the date-0 allocations and
prices are determined by condition (13). This condition 1s again almost the same
that determines tradables cunsumptiun in a Sudden Stop in the SS model, except
for the debt repayment term p""{c )bt , which in the SS model is just b,. By the same

0’
argument as before, the Sudden Smp equilibrium prices of the SS model could be

used to set the exogenous value of b so as to make the SS and SSLD solutions when
the constraint binds the same. But to compare Sudden Stnps across the two models,
assume instead that the initial condition is set at the value L‘vu, which sustains 1den-
tical unconstrained equilibria. In this case, the Sudden Stop equilibria of the two
economies differ.

(a) Sudden Stops with unique equilibria

Figure 1 illustrates the determination of equilibria in both models in the (¢,p")
space for a scenario in which the equilibria are unique, in a manner analogous to
Figure 2 in Mendoza (2005). The PP curve is the marginal rate of substitution in
consumption of tradables and nontradables, which given isoelastic preferences and
the constant endowment of nontradables yields a convex function that maps ¢’ into
p". This curve is the same in the SS and SSLD models. The various BB curves
show the value of pV that corresponds to a value of ¢’ such that the collateral con-
straint holds with equality and the tradables resource constraint is satisfied (i.e.,

" Similarly, keeping E'E and by unchanged when making parametric changes that affect wealth (e.g., tem-
porary or permanent, unanticipated changes in the tradables income stream) results in different equilibna
that depend on the changes in initial prices and debt repayment burden.

*
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Equation (13) solved for p as a tunctmn of CT) for the SS and SSLD models and
for each under different values of 1“ In each case, equilibrium is reached where the
PP curve and the relevant BB curve intersect.

Mendoza (2005) shnwed that in the SS model, the BB curves are increasing,
linear functions of ¢, w:[h an horizontal intercept given by I°% = (1 + F[':l}ﬂ + b,
and a slope of m> = ],f(m ). For the SSLD model, we show 1n the Appendix that
the BB**'P curves are also increasing in c” with an horizontal intercept given by
ISP = (1 + )yl + @'/"b; and a slope of m>P = [1 - p”(1b5]1/(xy" ).* Notice
that again the difference between the SS and SSLD models 1s due to differences in
the repayment burden of the initial debt. The term @'/" in the intercept of the SSLD
model is the lower bound of p¢ that is reached when p" = 0. Since at EE_ we have the
same debt 1n units of tradables in the SS and SSLD models at the higher prices sup-
ported in the unconstrained equilibrium, the intercept of the SSLD model must be to
the right of the one in the SS model (since the same debt is valued at the minimum
price in the intercept of the SSLD model).

The BB, BB3S'P¥ cyrves are for a threshold income level j{": such that with
a wealth-neutral shock that reduces date-0 income that much, the credit constraint
allows for just enough debt to still support the unconstrained equilibrium (i.e., below
this threshold the constrain becomes binding). ? Hence, by construction (and again
assuming the initial SSLD debt is by) these two BB curves intersect PP at point A
and yield the same ethbrmm values of ¢T and p" in the two models. The BB>>,
BB>!P! curves are for 1 < }{], which shifts the BB curves to the left, triggering the
credit constraint and c:—:m-am g a Sudden Stop.

The main point of Fig. 1 is to show that, when equilibria are unique, Sudden
Stops under perfect foresight are milder in the SSLD model. The Sudden Stop equi-
libria are reached at points B and C for the SSLD and SS model, respectively.'’
Since the BB*™! curve is always ﬂtEEpEI‘ than the BB®>! curve and has a higher
horizontal intercept, and since for given '-,ﬂ the two curves always intersect at point
A, BB>"™! must cut the PP curve to the right of where BB>! cuts it.!! This implies
that in the Sudden Stop of the SSLD economy, tradables consumption and relative
prices are higher than in the SS economy. Both equilibria are Sudden Stops, because

BESLD r

" As shown in the Appendix, the B curves are concave if the elasticity of substitution between ¢
and ¢V is greater or equal to 1, convex if it is less or equal than 1/2, and switch from concave to convex
as ¢’ rises if the elasticity is between 1/2 and 1. Under reasonable parameter values for emerging mar-
kets and any elasticity between 0 and 1, however, BB>"" is either strictly convex or nearly linear with a
slightly concave segment for very low ¢'.

? The threshold income in the SSLD model is _"."f, =
strained equilibrium allocations and prices.

" Those are the values of ¢y+Py such that the budget and credit constraints hold with equality and
pfﬂ equals the corresponding margmal rate of substitution. It is also straightforward to show that the
Euler equation holds with a Lagrange mulllp]lcr of ;q, =u'(c])—u "(¢]) >0 and that g, =0 for r > 1.
In the SS model, 5im:+: W, is unchanged, v’ i > > 1 , and :.'T = ﬁ::r a2 fﬂl]nws that the fact
that ¢ < &' |n1lec5 [I > ¢!, Moreover, ¢! = {I for r } 2. This, together with ¥/ > 3, implies that
b, > b, > .i.l,"-. +p, Yv¥)and b, —Ehﬁ]rlf‘:*z

l:-_.l' —J'-I" f,;'_.‘.ﬁr.'-; :i:l

L——, where ¢, p°, and p" are the uncon-
A

"' The fact that p E:Hb:? < () implies that m>™P > m> and the fact that w'/ ”f:l:J' < b, implies that

J55LD ~ 55
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Fig. 1 Sudden stops under perfect foresight: unique equilibria

financial amplification via the deflation of the value of collateral causes a sudden
drop from the unconstrained stationary consumption and prices at point A, but the
drops in the SSLD model are always milder. The intuition is simple: in the SSLD
economy, the fall in the real exchange rate associated with a Sudden Stop reduces
py,» and hence the burden of repaying Ef] in terms of tradable goods falls, providing
additional resources for consumption of tradables. Notice that around point A the
BB curves are steeper than the PP curve, which as we show below is a sufficient
condition for the equilibria to be unique.

It is also worth noting that there could be a second intersection of the BB and PP

curves in Fig. 1 if we extended its domain far enough. The second intersection, how-

ever, is not an equilibrium. This is because, as is evident from the figure, cg would
be higher than &7, and given the specification of the wealth-neutral shock, the inter-
temporal resource constraint would imply ¢; < .:g , which would imply a negative
Lagrange multiplier (4 = u'(c{) — u'(c]) < 0). Moreover, the unconstrained equi-
librium cannot coexist with the unique Sudden Stops equilibria, because as Fig. |
shows, the value of pf]'r at which the nontradables market would clear if tradables
consumption is ¢ is too low for the resource constraint to be satisfied with the credit

constraint binding (i.e., at ¢’ the PP curve is below the BB>>! and BB curves).
(b) Sudden Stops with multiple equilibria

Figure 2 illustrates the equilibrium of both models when there are multiple equilib-
ria. Intuitively, multiplicity can emerge if the parameters of the PP and BB curves
are such that the curves intersect twice for ¢/ < ¢’. BB curves that are flatter than
the PP curve around point A are necessary (but not sufficient) for this to happen.
In the figure, the BB curves for §7 are constructed in the same way as the BB>>"?*
and BB>>' curves of the previous figure: they correspond to a wealth-neutral reduc-
tion in }-ﬁ such that the credit constraint is marginally binding (i.e., it sustains the
same amount of debt as in the unconstrained equilibrium) assuming again that the
initial debt of the SSLD economy 1s set at f}f}. Hence, point A has the same meaning
as before. It shows the unconstrained stationary equilibrium that is identical in the

£
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SSLD and SS economies. What has changed is the curvature and slope of the PP
and BB curves, and in particular the BB curves are significantly flatter. As a result,
at an initial income of j‘rf;, the SS and SSLD economies now have two equilibrium
solutions each: the unconstrained outcome at point A and the Sudden Stop outcomes
(points B and C for the SS and SSLD economy, respectively).

Note, however, that BB curves flatter than the PP curve around point A are not
sufficient for equilibrium multiplicity, because this also depends on the value of y/.
In Fig. 2, for }f; {.T’;’;* the BB curves would shift left and only one Sudden Stop
equilibria would survive in each economy {the unconstrained equilibrium is no
longer attainable, just as In FIE ). When "'{: v{’; , we have the two equilibria as
explained above. For _v” > -"'u* the BB curves shift ro the right and three equilibria
exist, because there would be two intersections with PP to the left of A, plus the
unconstrained equilibrium is also attainable since income exceeds {F{ 2 In contrast,
when the BB curves are steeper than PP at point A, the uncnmtramed equilibrium 1s
the unique equilibrium for any income higher than }*T As y! continues to rise, how-

0
ever, v/ reaches another threshold value ! dlﬁerent in the two models, at which

once agdm the unconstrained eqm]ihnum air;d only one Sudden Stop equilibrium are
possible (see Fig. 2), and for 1 > x multiplicity disappears and only the uncon-
strained equilibrium survives, hecau'aﬂ the BB curves shift to the right enough to
never intersect with PP,"

It follows from the above discussion that equilibrium multiplicity requires: (i) BB
curves flatter than PP around point A and (11) wealth-neutral income shocks in the
specific interval vf}" < vT < 1;? As we explain next, equilibrium multiplicity is harder
to obtain in the SSLD I'l‘lﬂdEl because, for the same parameter values and initial con-
ditions, multiplicity requires higher values of ¥ and narrower income intervals.

C{}ndltmn (1) can be formalized as follows: A BB curve steeper than the PP curve
around T is a sufficient condition for a unique equilibrium when a Sudden Stop

occurs. Since the PP curve is given by condition (7), its slope can be expressed as

(1+n I_.rr:“

%

ﬂf”# Consider next the slope of the BB curve in the SS model, which is 1/(x5" ).
It follows from equating these two slopes that the threshold value of x that guaran-

=
tees a unique equilibrium in the SS model is £3% = S

implies that Sudden Stop equilibria for any - 1. < v are unique. This condition is the
same one derived in Mendoza (2005).

The slope of BB in the SSLD model is ——

for Unl{]leI'lE‘i‘i of Sudden Stop Equﬂlhl‘]ﬂ under liability dollarization is

= &1 (1=-pbe)
gSSLD 'H+_:]'“E'“L However, since we are assuming that the initial debt of the SSLD
mpYy

, which at the common unconstrained equilibrium of the two models equals

. Any « lower than this

1= b,
F“ ——, and hence the threshold value of k

'2 In all the Sudden Stops u:quilii:rria of Fig. 2, -=: €y < ‘l and the Euler equation holds with a
Lagrange multiplier g, = u {r[‘;} i {rJ )>0. Tluq n al.,aln because, given constant wealth, the intertem-
poral resource constraint implies that ¢| rises as the credit constraint makes ¢, T fall.

'* §7 is the income level that makes thE BB curves tangent to the PP curve, wl'uch 1s different for the two

models.
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Fig. 2 Muluple equilibria under perfect foresight

model 1s the value EE that supports the same unconstrained equilibria in both mod-

i 2 = s T f-jt'ﬁl' :
els, it follows that R5°MP = £35(1 — pb¢) = k5 (1 = §pr,frT£). where & r is the
elasticity of the CEIS price index with respect to tradables consumption, and is given
by Ecor = T——. Hence, since b5 < 0 and &, .+ > 0 because p’ > 0, we
|+(.;=*_}m=‘.[_,;~r]‘m

1=ar

obtain that &33P > &35, Thus, for identical parameters and the same initial condi-
tions, multiplicity is harder to find in the SSLD model because it maintains unique-
ness at higher values of x (i.e., the range of values of x for which Sudden Stop equi-
libria are unique is larger in the SSLD model). Moreover, £330 exceeds 55 by a
percentage given by the absolute value of £ .+ P;—f“, which in turn depends on prefer-
ence parameters and the values of W, _-,;{3'}‘ and EE.

If k > &55P > £55 it is possible to have multiple equilibria in both models, but
as we explained earlier, this is only a necessary condition. Multiplicity needs also
condition (ii) requiring tradables income to be in the interval [§,, ¥ ], where as noted
above if'; is different in the SS and SSLLD models, while i‘ﬁ 1s the same (because of
the assumption that the initial debt of the SSLD model is bj). Hence, assuming that
x 1s high enough to support multiplicity, the difference in the width of this interval
across the two models indicates the extent to which multiplicity is easier or harder
to obtain in one model versus the other. A wider (narrower) interval for the SSLD
model suggests that multiplicity is easier (harder) to obtain, although the determin-
istic nature of the analysis does not take into account the probability of tradables
income falling into a particular interval. Visually, Fig. 2 suggests that the multiplic-
ity interval of tradables income is narrower for the SSLD model, but this is easier to
illustrate with quantitative examples, as we show below.

In the case of the SS model, the above analysis of equilibrium multiplicity has
an equivalent formulation in terms of the analysis conducted by Schmitt-Grohé and
Uribe (2018). They derived the same condition on a threshold value of x required
for multiplicity and showed that multiplicity requires in addition that the initial bond
holdings are within an interval of relatively high values (i.e., multiplicity requires
relative low initial debt). The value of b, (for b, < 0) must be high enough so

that at the unconstrained equilibrium the threshold condition on x holds, but not

X



Positive and Normative Implications of Liability Dollarization... 189

so high that the credit constraint does not bind at date 0 (since higher b, implies
also higher b, at the unconstrained equilibrium). Intuitively, the consistency of the
two approaches follows from noticing that parametric differences in b, keeping 13;
constant can be alternatively represented as parametric differences 1n yf; keeping
b, constant by capitalizing initial income differences into changes in bond hold-
ings. Hence, an interval of relatively high b, (i.e., low debt) that sustains multiplic-
ity translates into an interval of relatively high income values. We used the latter
approach here because it allows us to make Sudden Stop outcomes in the SS and
SSLD models comparable by keeping the initial debt set at the value such that the
unconstrained equilibria are the same.

3.3 Quantitative Examples

We examine next the results of quantitative examples that illustrate the main theo-
retical findings we have presented. In particular, we illustrate the characteristics of
Sudden Stops in the SSLD economy, compare Sudden Stops between the SS and
SSLD models when Sudden Stop equilibria are unique, and show that multiplicity is
harder to obtain in the SSLD model. We set parameter values following the calibra-
tion proposed by Bianchi (2011), which was designed to match properties in annual
data for Argentina. Since we solve for perfect-foresight equilibria, we ignore the
parts of his calibration that relate to the stochastic processes of tradables and nontra-
dables income, and set ¥ = 1forall rand y] = 1fort > 0. Table 1 shows the list of
the parameter values.

Bianchi (2011) set the coefficient of relative risk aversion to y = 2, a standard
value in DSGE models. He also set = 0.205, so that the elasticity of substitution
between tradables and nontradables (1 /(1 + #)) is 0.83, which is the upper bound of
a range of existing estimates. This elasticity is key for determining the elasticities
of both p© and p" to changes in sectoral consumption allocations, which play a cen-
tral role in determining the effects of Sudden Stops and the magnitude of the exter-
nalities driving the design of optimal financial policy, as we show in the next Sec-
tion. w = 0.31 1s set so as to match a tradables consumption share of 32%. Bianchi
also set the discount factor to f = 0.91, so that his stochastic SS model can match
Argentina’s average net foreign asset position—-GDP ratio of —0.29 from the data
constructed by Lane and Milesi-Ferretti (2001). We take this same value of f and
since we are assuming fR* = | this implies ¢* = | /R* = f.

Given the above parameter values, we solve for the unconstrained equilib-
rium of the SS model for a value of b, such that the initial net foreign asset posi-
tion-GDP ratio (by/(y) +p"7")) matches Argentina’s average, which implies
by = —0.868. Then, using the value of the consumption price index at this equi-
librium, p*, we solve for b = b,/p=>%, which is the initial condition for bonds
in the SSLD model that supports the same unconstrained stationary equilibrium
as the calibrated SS model. This guarantees that the initial net foreign asset posi-
I_EU[I;;JJDP ratio of the SSLD model, which is given by pﬁbf]/(yg +,E?”§N}, is also

S
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Consider next the wealth-neutral shocks to }f{ (which assume future tradables
income changes as needed to keep W,, unchanged). As vl‘: falls agents borrow more
(bond holdings fall) at = 0 in order to maintain the same unconstrained consump-
tion stream. For a given value of k, this new debt choice approaches the maximum
allowed by the credit constraint (—x[y + pj¥"]) as initial income falls. As long as
the constraint does not bind, the SS and SSLD economies stay at the unconstrained
equilibrium, but when it binds the allocations and prices at date 0 move to a Sudden
Stop equilibrium, which may or may not be unique as we showed earlier.

We study first the case in which Sudden Stop equilibria are unique in both econo-
mies. To this end, we set k¥ = 0.29 and solve for the equilibria of the two models for
wealth-neutral income shocks in the interval (0.85,1). Figure 3 presents the results
for the SSLD economy as percent deviations from the unconstrained equilibrium
and shows also results for a hypothetical scenario in which p© and p" are kept fixed
at the unconstrained levels.

When income is sufficiently high (for }f; near 1), the credit constraint does not
bind and therefore the plots show zero deviations from the unconstrained equilib-
rium. As }!3; falls the constraint becomes binding triggering Sudden Stops, and the
plots show that aggregate and tradables consumption, as well as the price of non-
tradables and the real exchange rate, display sizable declines. For example, for a 5%
shock (_‘.!3; = (.95), ¢, and c.‘g fall by 2 and 6.3%, respectively, and pf;r and p;, fall by
7.6 and 5.3%, respectively, bond holdings in units of tradables rise 580 basis points,
and there is a current account reversal of 45 basis points.

The comparison of Sudden Stops vis-a-vis the scenario with constant prices helps
illustrate the extent to which the Fisherian deflation effect from the credit constraint
(reducing cg) and the debt-repayment-burden effect from liability dollarization
(Increasing cf]" ) offset each other. Keeping prices constant removes both effects, so
that the declines in consumption that result are driven only by the exogenous drop in
income and the fall in the exogenous component of borrowing capacity (r_vg}, which
are at work in both scenarios. Hence, if the two effects were of equal magnitude (in
absolute value), the results for the SSLD case and the smooth prices case would be
identical. The fact that the latter yields slightly larger Sudden Stops indicates that in
the results for the SSLD economy the deflation and repayment-burden effects nearly
offset each other, but the latter is slightly larger (in absolute value). Hence, through
the debt-repayment-burden effect, liability dollarization is providing a very good
hedge against the loss of resources caused by the endogenous component of borrow-
ing capacity (p:pg ¥V). This result may not hold for different parameterizations, and it
will also fail more generally in stochastic SSLD models in which the new debt price
and risk-taking incentive are also at work.

Figure 4 shows the comparison of Sudden Stop equilibria between the SSLD and
SS economies for }ﬂg = (.97 (a 3% shock) for values of x in the (0.21,0.303) interval.
Recall that both models have identical parameters and identical initial conditions,
and hence the unconstrained solutions are identical.

In line with the theoretical results derived earlier, the SSLD model always pro-
duces milder Sudden Stops, because of the debt-repayment-burden effect. For the
upper bound of k, the credit constraint does not bind, and hence both economies

remain at the unconstrained equilibrium, which is identical between the two. As k

P
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Table 1 Parameters from Bianchi (2011)

Parameter Value
¥ 2

1 0.205
() 0.31
b.q 0.91
H 1.00

decreases and borrowing capacity tightens, both economies move to unique Sud-
den Stop equilibria, but as the plots illustrate, the Sudden Stops of the SSLD econ-
omy are significantly smaller. For a drop in the debt-to-income limit of 5 percentage
points, reducing x from 0.3 to 0.25, the SS (SSLD) model produces declines 1n ¢,
and ¢! of 18 and 45 (4.7 and 14)%, respectively, and drops in p; and p§ of 51.7
and 38.7 (16.6 and 11.7)%, respectively. The current account rises by 20 percent-
age points of GDP in the SS model, compared with 4.1 in the SSLD model.'* The
collapse in the real exchange rate (p;,) moderates the Sudden Stops of the SSLD
economy significantly, whereas in the SS economy its even larger collapse does not
affect the debt repayment burden. Notice also that the gap between the equilibrium
responses in both models widens as x decreases, indicating that the debt-repayment-
burden effect works as an endogenous hedge that partially weakens Sudden Stops
and by larger amounts for larger corrections in borrowing capacity.

Consider next the case of equilibrium multiplicity. Using the same parameter val-
ues as in the previous experiments, the threshold values of k that are necessary (but
not sufficient) for multiple equilibria in each model are £°% = 0.38 and ESEF}E = ().68.
Moreover, the factor by which the latter exceeds the former 1s 1 — fprrfr% = 1.79.
Hence, the SSLD continues to yield unique Sudden Stop equilibria at k values up to
roughly 1.8 times the threshold value of the SS model. Thus, the liability dollariza-
tion model requires significantly higher x values to produce multiplicity.

As explained earlier, in addition to k¥ > &, multiplicity requires income shocks
to be within a particular range. Under the calibrated parameter values we proposed,
however, the required income intervals do not intersect and hence multiplicity can-
not be generated in both the SS and SSLD models simultaneously. Hence, in order
to produce Sudden Stop outcomes with multiplicity we altered the model’s param-
eters. We lowered the elasticity of substitution between ¢ and ¢" to 0.285 (n = 2.5),
which 1s much lower than the range from literature estimates cited by Bianchi
(2011), and halved the initial debt position (i.e., by = —0.149). With these parameter

'* Mendoza and Rojas (2017) show that the finding that Sudden Stops are milder extends to quantitative
comparisons of stochastic SS and SSLD models, in which the debt-price and risk-taking effects of liabil-
ity dollarization are present, and that for the same calibration the SSLD model performs better at match-
ing the observed empirical regularities of Sudden Stops.
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changes and setting k = 0.45 , we can support multiple equilibria in both models, as
shown in Fig. 5.

This figure shows the equilibrium determination of the SS and SSLLD models in
our quantitative examples for two values of initial income, the threshold value 3/ at
which the credit constraint sustains just enough debt to support the unconstrained
equilibrium, and the upper bound _?g above which the only equilibrium the mod-
els can support is the unconstrained equilibrium. For each case, the figure shows
the corresponding BB curves of the SS and SSLLD models, as well as the PP curve.
As explained earlier, when income equals either j‘f; or jf;, the models support two
equilibria, the unconstrained equilibrium and one Sudden Stop equilibrium, and for
income levels inside this interval, the models support three equilibria, the uncon-
strained one and two Sudden Stop ones. The value of j‘ﬂ (0.397) is the same for the
two models because we solve them with identical parameters and imitial conditions.
The values of y; are different because of the effects of liability dollarization, and
they are 755 = 0.627 and 77°5'P = 0.463 for the SS and SSLD model, respectively.
Hence, the range of income in which multiple equilibria exist under this calibration
is much narrower in the SSLD model than in the SS model (about one-third the
size, 0.07 vs. 0.23). Moreover, as noted earlier, multiplicity occurs when tradables
income 1s “relatively high,” in the sense of being (weakly) higher than the income
level at which the credit constraint is only marginally binding. Hence, Sudden Stops
triggered by multiplicity coincide with high income.

The difficulty in generating multiplicity with the SSLD model can be illustrated
further by studying an alternative numerical example calibrated to match the sce-
nario with multiplicity in the S§ model studied in Schmitt-Grohé and Uribe (2018).
Their calibration sets # = 1, which implies an elasticity of substitution of 0.5, still
inside the range of empirical estimates but closer to the lower bound than in our
baseline calibration, and @ = 0.26 (vs. 0.31 in our experiments). Using the same
initial debt we used here, these parameter values imply threshold values for x of
k55 = 0.192 and x55P = 0.456. Hence, at their calibrated value of k¥ = 0.3, there is
multiplicity in the SS model, in line with their findings, but not in the SSLD model.
Under hability dollarization, ¥ would need to be nearly 2.4 times larger than the
threshold of the SS economy, or 1.5 times their calibrated value, in order to be in the
region in which multiplicity is possible.

4 Normative Analysis

In this section, we study the normative implications of introducing hability dol-
larization in Sudden Stops models, focusing on unique equilibria for simplicity. Fol-
lowing Bianchi and Mendoza (2018), we characterize optimal financial policy fol-
lowing a primal approach by analyzing the allocations attainable to a social planner
who chooses the debt of private agents under commitment subject to the resource,
market-clearing, and collateral constraints, and letting goods markets and financial
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Fig. 3 Sudden stops in response to income shocks in the SSLD model

intermediaries operate cﬂmpetitively.'j We then explore the implications of this opti-
mal policy for the design of domestic credit regulation (i.e., domestic debt taxes)
versus capital controls. As we show below, the optimal policy is time inconsistent,
because of the planner’s ability to affect the ex ante domestic interest rate for debt con-
tracted at date ¢ (or the expected real exchange rate) with the consumption of tradable

' The last assumption is equivalent to assuming that the planner cannot contract debt directly with for-
eign lenders in units of tradables and instead borrows from the same intermediaries as private agents.
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Fig. 4 Sudden stops in response to changes in x 1n the SS and SSLD models

goods planned for date r + 1. Moreover, capital controls and debt taxes are equiva-
lent, so under the optimal policy the SSLD model does not support the use of capital
controls as a policy aimed at discriminating external versus domestic credit. Finally,
since the optimal policy lacks credibility and follows a complex, nonlinear schedule,
we study quantitatively the effectiveness of a simpler policy that sets time-invari-
ant tax rates on domestic credit and capital inflows in a stochastic, infinite-horizon
environment.
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Fig. 5§ Multiple equilibria in the 5§ and S5LD models

4.1 Optimal Policy Under Commitment

Assuming that the regulator chooses bond holdings for private agents, their opti-
mization problem reduces to a simple static problem of choosing tradables and
nontradables consumption subject to a budget constraint that includes the income
from tradables and nontradables, and a lump-sum transfer (tax) from the planner
that represents the amount of resources generated by borrowing (repaying). The pri-
vate sector no longer chooses b{ , and does not face the collateral constraint. Hence,
the first-order conditions of the agents’ optimization problem no longer include the
Euler equation for bonds [Eq. (8)] and the borrowing constraint [Eq. (9)], but the
optimality condition for sectoral consumption allocation [Eq. (7)] still holds, since
the market for nontradables still clears competitively. In addition, the no-arbitrage
condition of financial intermediaries must also hold, because these intermediaries
are also still operating competitively.

Using the nontradables market-clearing condition to substitute for .-;“:‘“ and the
intermediaries’ no-arbitrage condition to substitute for g;p{, the social planner’s
problem can be written as follows:'®

mdx Ey Z ﬁ*u(c,(f (18)

I
'Fr II r=0)

' The planner’s problem is written in short notation for simplicity. Given the Markov process of y!, the
expectations are taken over histories of realizations, with the date-t probability of a history y'' denoted
by x,(¥"") and the associated consumption and bonds allocations denoted by .r.*rI (v'"yand b°, (v'"), respec-

. i+1
tively.
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q'E [P (el b, 2 —x0] + P . (20)

It is important to note that in this problem, as was the case in the competitive equi-
librium, c';'r is independent of the value of u, when the constraint binds, and 1s deter-
mined by the same nonlinear equation (13), which in this case follows from combin-
ing conditions (19) and (20).

As we show below, the solution to the above problem displays time inconsistency.
The key feature of the problem behind this result 1s that in the planner’s resource
and borrowing constraints, the real exchange rate expected for ¢ + 1 (E, [p""{cf;ljl}
affects disposable resources and borrowing capacity at date 7. As a result, the plan-
ner’s optimal plans for a given future date affect consumption allocations and bor-
rowing capacity in the past.

The time inconsistency result can be derived formally by simplifying the plan-
ner’s Euler equation for bonds to reduce it to the following expression:'’

”T(” o #'EPH!U),?N —_ p{'f{f)b?(ﬂz;-l [-"Ir] T L‘G:_IE;:':;T”} ) (2 1]
AI . g=1 :

| — p' (Db

The planner’s marginal utility of wealth at date  (4,) depends on two terms deter-
mined at t — 1. First, E,_,(4,), which reflects the effect of changes in the amount
of resources generated by debt contracted at t — 1 on the marginal utility of wealth
expected for date 7. This is possible because, by affecting real exchange rate expec-
tations, the planner alters ¢7_, and hence the amount of tradable goods that a given
amount of debt issued at 1 — 1 yields. Second, Cov,_, (4,, p°(1))/E,_,[p“(r)], which
has a similar form as the private risk-taking incentive identified earlier in condition
(14), except the planner’s covariance is with respect to the social marginal utility
of wealth one period ahead, instead of the marginal uftility of tradables consump-
tion. The private risk-taking incentive reduces the expected marginal cost of bor-
rowing between f and r + 1. The planner, in contrast, considers how the covariance
term alters the debt chosen at r — 1 and thereby the debt repayment burden of date r.
Through these two feedback effects, the planner’s choice of consumption and debt at
t affects price expectations and the planner’s covariance term at date r — 1, which in
turn alter A, by affecting the debt chosen at 1 — 1 and hence the burden of debt repay-
ment at date f.

These feedback effects produce time inconsistency because, as of a given date ¢,
the planner has the incentive to pledge higher consumption at ¢ + 1, so that a higher
expected real exchange rate props up ¢¢ and reduces the ex ante real interest rate,

""" See Mendoza and Rojas (2017) for full details.
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strengthening borrowing incentives and borrowing capacity via the effects of la-
bility dollarization discussed earlier. Ex post, however, delivering on this pledge is
suboptimal, because higher prices at t + 1 imply a higher ex post real interest rate,
and thus a higher burden of debt repayment in that period. This time inconsistency
mechanism is at work regardless of whether the constraint binds or not, but it inter-
acts with the constraint because by affecting borrowing incentives it affects the like-
lihood that the constraint can bind at equilibrium.'®

Bianchi and Mendoza (2018) obtained a similar result showing the time incon-
sistency of optimal macroprudential policy under commitment in a model in which
assets serve as collateral, but the mechanism driving the time inconsistency that we
described above is different. In Bianchi and Mendoza, the asset-pricing condition
connecting current asset prices to future consumption leads the planner to prop up
asset prices when the collateral constraint binds by pledging lower future consump-
tion, which is not optimal to do ex post. In contrast, in this model (and also in the
SS model), since p) and ¢] are independent of the planner’s future plans when the
constraint binds at ¢, the planner cannot prop up the value of collateral with its future
plans.

It is important to notice that time inconsistency emerges here even though the
collateral constraint is defined in terms of a limit on the debt-to-income ratio (a
flow constraint), instead of a debt-to-assets ratio [a stock constraint, as in Bianchi
and Mendoza (2018)]. Hence, time inconsistency of optimal financial policy under
commitment can exist in Fisherian models with either stock or flow collateral con-
straints. What is necessary is to have a vehicle that allows the planner to affect
past prices and allocations, or borrowing capacity, with current consumption and
debt choices. In contrast, optimal policy 1s time-consistent in standard SS models,
because there is no vehicle for this to happen.

The planner’s first-order conditions can be re-arranged to produce an alternative
expression for the planner’s Euler equation for bonds that equates the social mar-
ginal costs and benefits of borrowing, which is useful for characterizing the inef-
ficiencies affecting the competitive equilibrium. As shown in Mendoza and Rojas
(2017), the resulting expression is:

up(t) = PE, “u-r(r + 1)+ o k5 V(1 + l}‘ R, P+ l}} + ﬂ,(wfr] ~ rﬁ?ﬂpm{r}),

(22)
where
_(_v®
*F{f+l]-—(w{r+”) (23)

" Notice that, when g, > 0, pledging higher ¢/ could make the constraint less tight by increasing the
price of bonds, but this does not generate additional resources for consumption, which are still be given

by —x(y; +p,'¥")
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The comparable Euler equation in the competitive equilibrium is:
up(t) = PE,[RY jup(t + 1] + u, (25)

where p“* denotes the multiplier of the collateral constraint in the competitive
equilibrium.

Consider first the last terms in the right-hand side of both Euler equations, which
include the multipliers g, and HFE . These terms are only present if the collateral con-
straint binds at date ¢, but in this case the specific values of the multipliers are irrel-
evant for the planner’s allocations, because, as we noted earlier, r_';‘r is independent of
u, and pF when credit is constrained. Note, however, that allocations and prices will
differ for the planner and the unregulated equilibrium, because by internalizing the
externalities the planner will alter the likelithood of the constraint becoming binding
and will generally arrive at states in which the constraint binds with different b.

Compare now the first terms in the right-hand sides of the above Euler equations.
These terms indicate that the product E‘LI ur(t + 1) 1s part of both the social and pri-
vate marginal costs of borrowing, but the social marginal cost includes other terms
that reflect the effect of the pecuniary externalities at work in the model. The term
i kpV'(t+ 1)y is familiar from the standard SS models. It captures the macro-
prudential externality operating via the effect of the price of nontradables (i.e., the
value of collateral) on borrowing capacity and 1s strictly positive whenever states
with 4,,, > 0 have positive probability at r + 1 as of date r, because p" is increasing
in ¢!, In states in which the collateral constraint is expected to bind, the social mar-
ginal cost of borrowing includes the shadow value of the loss in borrowing capacity
caused by the fall in the price of nontradables if a Sudden Stop occurs, because the
planner internalizes how the debt chosen at ¢ affects the size of the price drop at
t + 1. Hence, this macroprudential externality is an overborrowing externality, since
it implies that the marginal cost of borrowing for private agents is lower than the
social marginal cost.

The term ¥(t + 1) captures a second pecuniary externality that is particular to the
SSLD model, namely the intermediation externality. As the planner’s Euler equation
shows, ¥(t + 1) distorts the ex post real interest rate paid in units of tradables. In
turn, ¥ (¢ + 1) i1s a ratio composed of the intermediation externality’s effects operat-
ing via the three mechanisms discussed earlier (repayment debt burden, price of
newly 1ssued debt, and risk-taking incentive) at date ¢ relative to ¢ + 1, which are
summarized in the terms y(f) and y(r + 1), respectively. Using the expression that
defines (1), it follows that the effect operating via the debt repayment burden is
captured by the term 1 — p“(1)b¢, which is strictly greater than 1 because ¢ < 0 and
p(t) > 0. The planner internalizes that additional borrowing at date ¢ increases
p(t), which increases the burden of repaying outstanding debt. The effects operating
via the price of new debt and the risk-taking incentive are captured by the term
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{J':'%b} [E;—lur] T
izes the intermediaries’ no-arbitrage condition, and hence takes into account how
the social marginal cost of borrowing responds to the effect of changes 1n date-f con-
sumption on price expectations, the price of debt and incentives to borrow at r — 1.
In particular, the planner takes into account how these effects alter the amount of
resources in units of tradables that debt contracted at r — 1 generates and the social
valuation of the risk-taking incentive at t — 1.

If Y(r+ 1) is greater (smaller) than 1, the intermediation externality increases
(reduces) the social marginal cost of borrowing relative to the private marginal cost
of borrowing, and hence it operates as an overborrowing (underborrowing) exter-
nality. Unfortunately, while it is possible to show that y(f) > 0 (see Mendoza and
Rojas 2017), the size of ¥(¢ + 1) cannot be determined unambiguously. Using con-
dition (24), however, we can infer that, everything else constant, ¥(r + 1) 1s greater
(smaller) than 1 if the outstanding debt in period ¢ is larger (smaller) than in period
t + 1, and/or if the incentives to borrow at f — 1 are weaker (stronger) than at 7 (1.e.,
if the planner’s real exchange rate expectations at ¢ for ¢ + 1 exceed those at 1 — |
for 1). Under these conditions, the intermediation externality operates as a second
overborrowing (underborrowing) externality. Moreover, unlike the macroprudential
externality that is only present when g,,, > 0 has positive probability as of date ¢,
the intermediation externality is always present, regardless of whether the constraint
is expected to bind or not (although the actual value of ¥(f+ 1) does depend on
whether the constraint is expected to bind).

It is worth noting that the intermediation externality vanishes if we assume either
complete asset markets or perfect foresight. Under perfect foresight, the covariance
term in condition (24) vanishes and since E,_;[4,] = 4,, it follows that y () = | for
all ¢ and hence ¥ (1) = 1."” The same happens under complete markets because 4,
becomes time and state invariant.

In order to decentralize the planner’s allocations as a competitive equilibrium, we
consider possibly using two policy instruments: capital controls (i.e., taxes on the
intermediaries’ inflows of foreign capital) and domestic debt taxes (taxes on domes-
tic borrowing). Capital controls are modeled as a tax 6, that raises the interest rate at
which intermediaries borrow from abroad above R* (i.e., it lowers the price of bonds
sold abroad below ¢*). With this tax in place, the intermediaries’ no-arbitrage condi-
tion becomes:

Cov,_;(4,p°(0)
E,_;[pe(t)]

. This term reflects the fact that the planner internal-

i

L"‘fr =

q° E'r[p:'l-l-']

26
(1+6,) p; 20

'Y One effect of the intermediation externality does remain, and it operates via the debt repayment bur-
den of the exogenous date-0 debt p{bj. This can be seen n condition (24) because for 1 = 0 there is no
matching term E_,[4,] to cancel the two terms with p"*{r}h','. Hence, the planner has the incentive to
increase pj to reduce the debt repayment burden at r = (0.
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The revenue generated by this tax is rebated to intermediaries as a lump-sum trans-
fer, which can also be a lump-sum tax if @, < 0. Notice that the tax is known at the
moment of issuing bonds and is paid with the bond repayment.

The tax on domestic debt is denoted z,. If this tax is used, the budget constraint of
the representative agent becomes:

: ; N
aipibf, ol +p)c) =pbi+ ) +y] +pl'y +T, 27)
where 7, 1s a lump-sum rebate of the revenue generated by this tax (or a lump-sum
tax if r, < 0).

If both taxes are used, the agent’s Euler equation for bonds can be expressed as:

ur(t) = (1 + 7,)(1 + 0,)pE, [up(t+ DR | + . (28)

This condition implies that, unless decentralizing socially optimal allocations
requires different taxes on capital inflows and domestic debt for reasons other
than distorting the private agents’ intertemporal decision margin, taxing one
is equivalent to taxing the other. What matters is the combined effective tax rate
(1+ rff) = (1 + 7,)(1 + 6,), and the particular values of each tax are undetermined.
One such instance 1s the standard SS model, in which intermediation is inessential
and the only mefhiciency affecting the unregulated decentralized equilibrium is the
macroprudential externality leading agents to underestimate the social marginal cost
of borrowing. In this case, the optimal policy can be implemented equally with only
domestic debt taxes, only capital controls or any mix of both that yields the same
rff 2 Thus, the standard SS model of Sudden Stops does not provide a justification
for capital controls as a policy to discriminate domestic versus foreign credit flows.

The presence of the intermediation externality in the SSLD model is not sufhi-
cient to break the above equivalence result. The optimal policy under commitment
still requires only an effective debt tax, and any combination of 7, and 8, that yields
the same r:'f yields a competitive equilibrium with identical allocations as those that
solve the planner’s problem. Hence, optimal policy under commitment in the SSLD
model shares the property of the SS model that it does not justify the use of capital
controls.

Since allocations and prices are independent of x, when the constraint binds at 1,
the relevant use of the tax is when g, = 0. In this case, the optimal tax is the one that
equalizes the social and private marginal costs of borrowing given by the right-hand
sides of conditions (22) and (25):

. [E,’(HT(I+ 1)+ ;fmr}_’ﬁpm(f + 1))&;“?’{1' + I}]
= — 1

[

(29)

E|RY,  up(t+ 1)

0" As explained earlier, intermediation in the SS setup can be interpreted as frictionless domestic banks
that borrow and lend in tradables units, or as the nonfinancial private sector borrowing directly from
abroad. Either way, the optimal policy needs to tackle only the inefficiency driving a wedge between the
social and private marginal costs of domestic borrowing, and hence domestic debt taxes and capital con-
trols are equivalent.
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The numerator of this expression includes terms that correspond to the macropru-
dential and intermediation externalities. Since the intermediation externality can
yield social marginal costs of borrowing higher or lower than their private counter-
parts, in principle the tax could be negative (i.e., a subsidy). In addition, unlike the
optimal taxes of the SS model, in the SSLD model the taxes are used at date 7 even 1f
the collateral constraint has zero probability of becoming binding at 7 + 1, as long as
¥(r+ 1) # 1. Hence, it is not only a “macroprudential” tax, but a broader financial
policy aimed at tackling the intermediation externality. Moreover, this optimal tax
policy inherits the time inconsistency of the social planner’s problem, and hence it
lacks credibility.’

One important caveat of the above equivalence result is that it holds in part
because of the stylized formulation of financial intermediation. If issuing domestic
loans has a variable cost, for instance, the marginal cost of 1ssuing domestic bonds
would be subtracted from the right-hand side of (26), and this would imply that set-
ting @, at a given rate results in a larger increase in effective borrowing costs that
setting 7, at the same rate. Hence, extending the model to introduce realistic frictions
in financial intermediation may not only introduce nonneutral balance sheet effects
on banks as the real exchange rate moves, but may also provide a justification for
capital controls.

If we switch to the standard SS model by imposing on the above optimal tax

result the assumption that debt is issued in units of tradables, the expression reduces
o L
- 1-ﬂ.- _ 'Er[,utﬂh'.'r _u"”{:+1}l
f ﬂ:'[u]r[a‘-i-H]
(e.g., Bianchi 2011; Bianchi et al. 2016). The optimal tax of the SSLD model also
preserves the result from the standard SS model that the value of the tax 1s indeter-
minate when y, > 0, because as explained above the planner’s allocations are inde-
pendent of i, when the collateral constraint binds. Therefore, any debt tax consistent
with the collateral constraint being binding in the decentralized equilibrium with
debt taxes can support the planner’s allocations when u, > 0. In quantitative appli-
cations, the convention in the literature 1s to determine whether a zero tax 1s consist-
ent with this outcome, and 1f so the tax 1s assumed to be zero when the constraint

binds.

, which 1s the optimal debt tax of the standard SS model

4.2 Quantitative Evaluation of Simple Policy Rules

The optimal financial policy under commitment has two shortcomings. First, it lacks
credibility because of time inconsistency. Second, the optimal effective debt tax that
would implement 1t would follow a nonlinear schedule with complex variations over

*! See Mendoza and Rojas (2017) for an analysis of optimal time-consistent policy for a conditionally
efficient regulator that takes as given the pricing function of private debt of the unregulated competi-
tive equilibrium. In this case, the equivalence breaks. Capital controls support the debt pricing function,
effectively implementing a policy that targets the expected rate of real appreciation, and domestic debt
taxes are set as needed to support the optimal r::’r given the optimal 4,
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time and across states of nature, as dictated by the various terms in the optimal tax
schedule defined in (29). In light of these shortcomings, we explore the effectiveness
of a simpler policy strategy that consists of time-invariant taxes on domestic debt
and capital inflows. In particular, we conduct a quantitative analysis of the extent
to which this strategy can reduce the magnitude and severity of Sudden Stops and
increase social welfare relative to the unregulated competitive equilibrium of the
SSLD economy.

To conduct this analysis, we calibrate a stochastic version of the model and solve
it numerically for the unregulated competitive equilibrium. Then, we solve for com-
petitive equilibria under different time-invariant values of r and # and implement an
algorithm that searches for the welfare-maximizing pair of these constant taxes.”
We use a baseline calibration with most parameters set at the same values as in
the perfect foresight analysis of Sect. 3.2. The only modifications are that we add
the calibration of the stochastic process of the tradables endowment, for which we
adopt again the one proposed by Bianchi (2011), and we reset the value of R* also to
match Bianchi’s (R* = 1.04). The stochastic model requires fR* < | to have a well-
defined stochastic steady state, because with fR* = | agents accumulate an infinitely
large stock of precautionary savings. The Markov process for y' is constructed to
approximate Bianchi’s estimated AR(1) time-series process for the cyclical compo-
nent of tradables GDP in Argentina, for which he obtained an autocorrelation coef-
ficient p.r = 0.54 and a standard deviation o, = 0.059. We then used the quadrature
method proposed by Tauchen and Hussey (1991) to construct a Markov chain with
nine realizations centered around E[y"] = 1. We keep the value of k = 0.29, which
is the same we used to generate Sudden Stops in the perfect-foresight experiments.
This k value also yields a frequency of Sudden Stops in the SSLD model that is
close to empirical estimates (3.83% vs. 3.32.% in emerging markets data as reported
in Mendoza 2010), and lower than in Bianchi’s SS model (5.5%).

When solving for competitive equilibria with constant taxes, we assume that the
revenue (cost) generated by positive (negative) values of @ is rebated (charged) to
private agents as part of their lump-sum transfers (taxes) 7,. We do this because, if
they are passed on to intermediaries, the frictionless formulation of financial inter-
mediation that we adopted renders a cut in @ equivalent to parametric increases in
g*, and hence subsidizing capital inflows is equivalent to lowering the world interest
rate arbitrarily, making very large subsidies that can be painlessly paid for optimal.**

Under the above assumption, transfers to private agents are given by
T, = —zp;b — g p;b’ ., which together with the agents” budget constraint (27)

r+17
and the pricing condition (26) yields the same resource constraint for tradables as

22 We solve the competitive equilibrium with and without taxes using the same time iteration algorithm
with fixed grids as in Mendoza and Rojas (2017).

¥ If intermediaries pay the lump-sum taxes to finance these subsidies, the taxes cause a harmless fall in
dividends, because there are no limit on bank liability and no constraint requiring bank dividends to be
positive. Lowering @ so as to approach — 1 would then be optimal, because while the subsidy-adjusted
value of collateral (—(1 + 8)x(y] +p.'¥")) allows only for an infinitesimally small amount of debt, the
amount of resources in units of tradables that this debt generates (—(¢"E,(p;, | )/(1 + 8))b,,) grows infi-
nitely large.
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in the equilibrium without taxes (12), thus removing the income effects induced by
r and 6. In the equilibrium conditions that result, the two taxes appear as before
in the Euler equation for bonds forming the wedge that defines ¢, but now @ also
appears in the collateral constraint as a term that contributes to make the constraint
less tight. This 1s so because a higher # moves borrowed resources further away from
their constrained maximum, since it reduces q.p, [see Eq. (26)], which increases
q;p;b:,, for b7, < 0. This effect can also be interpreted as if 0 effectively increases
the fraction of income pledgeable as collateral, since the collateral constraint can be
rewritten as ¢*E,(p¢, )bS,, > —x(1 + 0)(y/ + p'7").

If follows from the above arguments that, if we remove the collateral constraint,
capital controls and domestic debt taxes levied on an otherwise competitive econ-
omy are again equivalent. Only 7 matters, and decomposing it into  and 8 is irrel-
evant. If the collateral constraint is present and is occasionally binding (and under
the assumption that the budgetary impact of the capital controls is allocated to pri-
vate agents instead of banks), the equivalence breaks because @ has an effect sepa-
rate from ¢ when the constraint binds: it increases (reduces) borrowing capacity as
0 rises (falls). Hence, the regulator now has an instrument that can alter allocations
when the constraint binds. If using it can increase social welfare, this can justify
using capital controls as a policy specifically aimed at targeting capital inflows.

Two important caveats about this result: first, it does not necessarily follow that a
policy of setting @ high enough for the constraint never to bind while keeping % at
zero 1s the best policy. This 1s because the intermediation externality is present even
when the constraint does not bind, and this can make a competitive equilibrium with
some degree of credit frictions more desirable than one without credit constraints
(1e., welfare in an SSLD economy where the constraint never binds is not neces-
sarily higher than one where it can bind, while in the SS model this is always the
case). Second, the above result does not alter the result that the equivalence between
capital controls and domestic debt taxes holds for implementing the social planner’s
equilibrium under commitment, because the planner has no incentive to act when
the constraint binds, since it cannot alter allocations.**

In the quantitative experiments we discuss next, r and @ take possible values
from discrete grids. We solve the tax-distorted competitive equilibrium of the SSLD
model for each available pair (z, #) and search for the pair that yields the largest wel-
fare gains relative to the unregulated competitive equilibrium. These welfare gains
are computed as compensating variations in consumption constant across dates and
states of nature that equate expected lifetime utility in the competitive equilibrium
with taxes with that in the unregulated competitive equilibrium.

Figure 6 shows three plots that illustrate the welfare effects of fixed taxes on
domestic debt and capital flows. Panel (a) shows the welfare effects of varying
r 1n the [0,0.06] interval for # = [—0.02, —0.01, 0.005, 0.01, 0.02] (where 0.005 is

** Intuitively, the planner acting under commitment is constrained-efficient in terms of being subject to
the collateral constraint and the pricing conditions of goods and asset markets, and the latter in particular
means the planner is committed not to distort the intermediaries no-arbitrage condition, which the ad hoc

constant & distorts.
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the value that maximizes welfare with respect to @ ). Panel (b) shows the wel-
fare effects of varying € in the [— 0.03,0.06] interval for r = [0.01,0.02,0.03, 0.04]
(where 0.02 is the value that maximizes welfare with respect to 7). Panel (c) uses
the same data of Panel (a), but plotted as a function of the value of ¢ corre-
sponding to each (z, #) pair.

To understand the intuition behind these plots, keep in mind that without
policy intervention the economy is affected by the macroprudential and interme-
diation externalities. Constant taxes can in principle weaken these externalities,
but nothing guarantees a welfare-increasing outcome for arbitrary (r,0) pairs.
Whether this is the case or not depends on the extent to which the distortions
introduced by these taxes tackle the externalities versus the costs of these distor-
tions themselves.

The distortions that the constant taxes introduce are determined by the follow-
ing effects. First, there are the two distortions evident from the optimality condi-
tions mentioned earlier: (1) Both higher 7 and higher @ increase the effective real
interest rate in the Euler equation for bonds, thus increasing the marginal cost of
borrowing; (2) higher # increases borrowing capacity by increasing the effective
fraction of income pledgeable as collateral. There are also two precautionary sav-
ings effects that are dynamic implications of the first two effects: (3) The interest
rate effect of higher @ or higher r strengthens precautionary savings incentives
and (4) the collateral effect of higher @ reduces the need for precautionary sav-
ings. Finally, there is also a Sudden Stops effect: (5) as a result of the previous
effects, changes in 7 and/or 6 affect the frequency and magnitude of financial cri-
ses, and these effects are nonmonotonic (e.g., if # is so high that the constraint
never binds, or is set at § = —1 so that no debt is allowed, the Fisherian deflation
mechanism disappears).

When considering precautionary savings effects, it is worth recalling that the
typical stationary asset demand curve of incomplete-markets models, which plots
average bond holdings at different interest rates, is generally concave with a ver-
tical asymptote at an ad hoc debt limit and an horizontal asymptote where the
interest rate equals the rate of time preference (see Ljungqvist and Sargent 2004).
This has two important implications for the effects of # and z. First, because of
the concavity, changes of equal size in @ or r have much stronger effects on the
average debt position around a high interest rate than a low one. Second, there
is an asymmetry between the two instruments in how they alter the stationary
debt position: changing 7 or # implies similar movements along the asset demand
curve, but changing @ also alters credit limits and thus shifts the asset demand
curve.

Panel (a) of Fig. 6 shows that for r < 0.02 welfare rises with = and 1s about
the same across the five values of @. In this region, a higher debt tax is benefi-
cial because, via the effects mentioned above, it reduces the adverse effects of
the macroprudential and intermediation externalities. The separate effect of 6 on
borrowing capacity does not make much difference, because although the lower
values of @ reduce borrowing capacity, the higher debt taxes are already aiming
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to reduce debt in the economy. In contrast, as r increases above (.02, welfare
starts to decline for each value of @, as now taxing debt has a rapidly growing dis-
tortionary effect on borrowing decisions that exceeds the benefits of weakening
the externalities. Moreover, welfare is much lower for higher 0, because higher 6
implies higher ¢ for the same r, so the distortion on the borrowing decisions is
larger. In addition, higher # makes the distortion on the marginal cost of borrow-
ing more painful, because it increases borrowing capacity which weakens incen-
tives for precautionary savings (i.e., strengthens the desire to borrow).

For each curve corresponding to a given value of & 1n Panel (a), there is a range
of values of r for which welfare is nearly independent of r. This i1s an implication
of the shape of the welfare curves in Panel (b), which show that, for a given value
of z, there 1s always a threshold value of # below which welfare 1s only marginally
increasing in #. In this region, the interest rate and borrowing capacity effects of #
push against each other, with low values of @ reducing the marginal cost of borrow-
ing and precautionary savings because of the former, but also reducing borrowing
capacity and increasing precautionary savings because of the latter. The net result
is that welfare rises only slightly with 8. On the other hand, for @ higher than the
threshold value, welfare begins to fall sharply as @ rises, because now the marginal
cost of borrowing is rising too much relative to the costs of the externalities, and the
increased borrowing capacity 1s irrelevant. Note also that for a given @ in this region,
welfare is sharply lower at higher 7, because this implies higher ¢ and hence a
stronger distortionary effect of debt taxes.

Panel (c) of Fig. 6 illustrates three important results of the regime with constant
taxes. First, there 1s a region of tax pairs for which debt taxes and capital controls
are equivalent, and hence only the effective debt tax matters. In particular, when the
7, O values yield ¥ > 0.038, a given ¥ yields the same welfare regardless of the
value of 6. This is because at sufficiently high ¢ incentives to borrow are weakened
enough to make the effect of # on borrowing capacity irrelevant, and as explained
earlier, in the absence of this mechanism the two instruments are equivalent. But for
r¥ < 0.038 the equivalence breaks. For a given 7 in this region, welfare is lower
at higher values of 6. This 1s a key result, because it shows that when the two instru-
ments are not equivalent, it is preferable to generate a given ¢ with a mix that uses
(weakly) lower capital controls, because in this region a higher borrowing capacity
with a higher # makes taxing debt more costly. Second, as in Panel (a), for each
value of @ there is an interval of values of r/ that generates roughly similar welfare
effects and this interval is wider for lower #, which is again due to the flat region
of welfare effects 1dentified in Panel (b). This result is important because it shows
that, 1f the choice i1s only over constant taxes and 6 is set relatively low, regulators
have more “margin of error” for setting r without reducing welfare sharply. Third,
it is easy for constant taxes to produce outcomes that reduce welfare relative to the
unregulated competitive equilibrium, by as much as 0.45% for ¢ = 0.09. Any (z, 8)
pair that yields a value of ¥ above 0.045 is worst than leaving the economy unregu-
lated and fully exposed to Sudden Stops, and this is true for all the values of 8.
Considering in addition that, as noted below, even the welfare-maximizing constant
taxes yield small welfare gains and modest declines in the frequency and severity of
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Fig. 6 Welfare effects of constant taxes. a Varying r for given 6, b varying @ for given r, ¢ varying 77
for given @. Note The circles identify the maximum value of welfare gains and the corresponding maxi-
mum 7 and & points for maximizing welfare gains across all (r, @) pairs

Sudden Stops, this result highlights the importance of careful quantitative evaluation
of macro-oriented financial regulation.

The welfare-maximizing pair of tax rates is 7* = 0.02 and 6* = 0.005, which
implies 7*¢ = 0.025 and yields a welfare gain of only 0.1%. Table 2 sheds light on
the effectiveness of this policy for reducing the magnitude and frequency of Sudden
Stops by comparing key moments of the unregulated competitive equilibrium ver-
sus the equilibrium with the welfare-maximizing pair of taxes. The long-run aver-
ages of consumption and the debt ratio are about the same, the latter just a notch
smaller with the constant taxes. Since mean consumption is about the same, we
can infer that the differences in welfare are largely influenced by differences in how
the macroprudential and intermediation externalities affect regular business cycles,
the frequency and magnitude of Sudden Stops, and the frequency with which the

23 This is only one-fifth the size of the gain that Mendoza and Rojas (2017) found for an optimal, time-
consistent policy of time-varying tax rates.
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cTc?r::::.ItEm?t Iiﬂ;::zivcue.ﬂs of Long-run moments” (1) (2)
DE CT

Average (P°b" /Y% - 2941 ~29.07
Welfare gain"% n/a 0.10
Prob. of sudden stops© % 3.83 3.23
Prob (u, > 0)% 35.38 31.84
Domestic debt tax rate ¢% n/a 2.00
Capital inflows tax rate 8% n/a 0.50
Average ¢ 0.989 0.989
Average change in ¢ in sudden stops% — 4.60 — 4 .87

“DE denotes the unregulated decentralized economy and CT the
economy with constant taxes and capital controls

"Welfare gains are computed as compensating variations in con-
sumption constant across dates and states that equate welfare in the
economy with regulation with that in the unregulated decentral-
ized equilibrium. The welfare gain W at state (b°,v") is given by
(14 Wb, v -2 VPE(Be yTy = Vi(h*, 7). The long-run average is
computed using the ergodic distribution of the unregulated economy

“A Sudden Stop is defined as a period in which the constraint binds
and the current account raises by more than two standard deviations
in the ergodic distribution of the decentralized economy

collateral constraint binds (even without a Sudden Stop).*® With the constant taxes,
the probability of the collateral constraint being binding falls by over 350 basis
points (from 35.4 to 31.8%) and the probability of Sudden Stops falls by roughly 60
basis points (from 3.83 to 3.23%), but in fact when Sudden Stops do happen con-
sumption falls slightly more.

Examining how the constant taxes affect Sudden Stop dynamics sheds more light
on their effectiveness. To study Sudden Stop dynamics, we follow the same pro-
cedure as in Mendoza and Rojas (2017), which is based in generating a long time-
series simulation of the economies with and without taxes, identifying Sudden Stop
events in the simulated data of the current account, and constructing 7-year event
windows centered on the date when Sudden Stops occur. Figure 7 shows Sudden
Stop event windows for the model’s key variables in the unregulated economy and
in the economy with the welfare-maximizing pair of constant taxes.

This figure shows that the constant taxes regime does poorly in terms of macro-
economic performance when Sudden Stops hit (i.e., at t = 0). Aggregate and trada-
bles consumption, as well as the relative price of nontradables and the consump-
tion prince index, show slightly larger declines with the constant taxes in place. The
current account reversal and the ex ante and ex post prices of domestic bonds are
about the same with or without taxes. In contrast, the expected real exchange rate

% As in the literature (see Mendoza 2010), we define Sudden Stops as states in which the constraint
binds and the current account increases by more than two standard deviations.
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is significantly less volatile, but this is a straightforward implication of the capital
controls and the no-arbitrage condition of intermediaries (taking into account that
bond and consumption prices are similar in the regulated and unregulated econo-
mies). The figure also shows that consumption is less volatile overall with the con-
stant taxes, which suggests that the 0.1% welfare gain that these taxes produce is
due to both lower probabilities of Sudden Stops and binding credit constraints and a
smoother consumption process.

Figure 7 also illustrates that Sudden Stop episodes in the unregulated economy
are broadly in line with the empirical regularities of Sudden Stops: large declines
in consumption, the price of nontradables and the real exchange rate, and a sizable
reversal in the current account-GDP ratio. Mendoza and Rojas (2017) show that
these Sudden Stops are milder than in the standard SS models but they are actually
a closer quantitative match to the observed features of Sudden Stops in emerging
markets.

5 Conclusions

We modified the workhorse model of Sudden Stops and macroprudential policy in
emerging markets by introducing liability dollarization. Frictionless banks interme-
diate foreign liabilities in units of world tradable goods into domestic loans denomi-
nated in units of aggregate consumption, which i1s a composite good that combines
tradables and nontradables. A collateral constraint limits the resources that can be
generated by borrowing not to exceed a fraction of the market value of total income
in the same units, so that the equilibrium relative price of nontradables enters as a
determinant of borrowing capacity. Liability dollarization introduces three effects
absent from the workhorse model that work through fluctuations in the real exchange
rate: ex post real exchange rates alter the burden of repaying existing debt, expected
real exchange rates alter domestic bond prices and ex anfe real interest rates, and
the negative correlation between marginal utility and real exchange rates provides a
risk-taking incentive by lowering the marginal cost of borrowing.

We provided analytical results and quantitative experiments (based on a widely
used calibration for Argentina), showing that under perfect foresight only the first of
the three effects operates and two key results follow: Sudden Stops are milder than
in standard SS models and multplicity of equilibria with Sudden Stops i1s harder
to obtain. In the SSLD model, unique equilibria are sustained for higher debt-to-
income limits and the range of income levels that support multiplicity is narrower.
Quantitatively, multiplicity in the SSLD model requires particular preference param-
eters that deviate from typical calibrations, much higher limits in debt-to-income
ratios than those used in standard Sudden Stops models, and even then it is present
for significantly narrower income ranges.

We also conducted a normative analysis of the optimal financial policy of a con-
strained-efficient regulator acting under commitment. The competitive equilibrium
1s distorted by two pecumary externalities: first, the macroprudential externality
typical of standard Sudden Stops models, which is present at date ¢ only when the
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credit constraint is expected to bind with some probability at ¢ + 1, because the plan-
ner internalizes the effects of the date-t borrowing decision on the size of the 1 + 1
crash in collateral values. Second, an intermediation externality induced by the three
effects of liability dollarization, which is present regardless of the credit constraint,
because private agents do not internalize the effects of their borrowing decisions on
actual and expected real exchange rates. Optimal policy tackles both externalities,
but is also time inconsistent: at date ¢, the planner has the incentive to pledge higher
consumption for t + 1 to create expectations of real appreciation and reduce interest
rates, but ex post at t 4+ 1 an appreciated real exchange rate is undesirable because
it increases the private agent’s burden of debt repayment. Moreover, decentralizing
this optimal policy does not justify the use of capital controls, because capital con-
trols and domestic debt taxes play equivalent roles. Both are needed only to alter
the marginal cost of borrowing of private agents, regardless of the source of credit.
In addition, the rule governing optimal effective debt taxes is a complex, nonlinear
rule.

Since the optimal policy is complex and lacks credibility, we examined the poten-
tial for constant tax rates on capital inflows and domestic debt to produce welfare-
improving outcomes relative to the unregulated competitive equilibrium. If the budg-
etary implications of capital controls are charged to private agents instead of banks,
there can be a role for capital controls because they can alter borrowing capacity,
whereas domestic debt taxes cannot. Quantitatively, the equivalence between capital
controls and domestic debt taxes reappears at relatively high values of effective debt
taxes, and for low values of effective debt taxes, welfare 1s higher when capital con-
trols are set at lower rates than domestic debt taxes. The welfare-maximizing con-
stant taxes are in the region where the two instruments are not equivalent, yielding
a 2% debt tax versus a 0.5% tax on capital inflows. However, there is only a mod-
est gain 1n welfare of 0.1%, which is largely due to a reduced frequency of Sudden
Stops and binding credit constraints, while macro dynamics around Sudden Stops do
not improve markedly, and 1n fact consumption and price declines are slightly larger
when a Sudden Stop hits. These results also show that quantitative evaluation of the
policy mix of debt taxes and capital controls 1s critical, because slight variations can
produce regulated environments that leave private agents significantly worse off than
in the unregulated economy.

The importance of liability dollarization in emerging markets highlights the rel-
evance of our findings for the analysis of Sudden Stops. From a positive standpoint,
we found quantitatively significant effects of liability dollarization operating via real
exchange rate fluctuations. Moreover, in Mendoza and Rojas (2017) we found that
the mechanism making Sudden Stops milder with liability dollarization also makes
them more consistent with the stylized facts of Sudden Stops than in the standard
model. From a policy perspective, we established here that the optimal policy under
commitment with or without liability dollarization does not justify capital controls,
only a tax on the rate at which domestic agents borrow that can be implemented
equally by taxing capital inflows or domestic debt. Our analysis of simple macro-
prudential policies also fails to make a good case for capital controls, as the welfare-
maximizing policy uses mainly domestic debt taxes. Introducing liability dollariza-
tion is also critical for demonstrating that the optimal policy under commitment is
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time inconsistent, and hence lacks credibility, because in the standard model this
1ssues does not arise. Hence, liability dollarization makes credibility problems that
are pervasive in other key areas of economic policy relevant for macroprudential
policy as well.

An important limitation of our analysis is that it abstracted from modeling fric-
tions in financial intermediation. We focused only on the effects of liability dollariza-
tion on domestic nonfinancial private agents, which had not been studied before, but in
an environment in which risk-neutral banks are nearly frictionless and yield a simple
no-arbitrage condition for pricing domestic nonstate-contingent debt. Further research
should follow the earlier literature on liability dollarization and emerging markets cri-
ses to introduce more significant frictions in financial intermediation, and in particular
the possibility of bankruptcy and/or nonneutral bank balance sheet effects as a result of
the kind of real exchange rate fluctuations we examined here.
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Appendix: Properties of the BB®*'? Curve

The BB>'P curve determines the value of p" that corresponds to a value of ¢! such
that both the resource and the collateral constraint hold with equality [see Eq. (13) in
the text]. Formally, the BB>*"P curves is given by the following function:

el — (1 4+ k)" = pehbe

KV

pY(eh) =

We omit time subscripts for simplicity, but notice b° corresponds to the outstand-
ing debt at the beginning of the period. Given the parametric restrictions on ¢/, x,
yI, ¥V, and b¢, the fact that p°(c”) is continuous implies that the BB®"P curve is
continuous.

The horizontal intercept of the BB*"" curve is found by evaluating the above
expression when p" = 0. Using Eq. (3) to determine the consumption price index,
when p" = 0, it follows that the intercept is the value of tradables consumption such
that ¢’ = (1 4+ K)y" + w b".

To obtain the slope of the BBE;'D curve, we take the first derivative of the above

|- 2 b

dp® e F

= ;-?"'; . The sign of the slope depends on the signs of

g% and b°. Using Eq. (3), it follows that because of the CES structure of preferences,

expression, which yields

i I .
L= (1 +m)=2[w+ (1 = w)(c)]"(cTy~" > 0. Moreover, since we are interested

del it}
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in economies with debt (b < 0), it follows that g-‘?; > (. Hence, the BB®*P curve is
increasing in ¢’ |

To determine whether the B
derivative, which is the following:

B3P curve is concave or convex, we analyze its second

2N B¢
oy B dcT2
et Ky

The sign of this derivative is the same as the sign of the second derivative of p“ with
respect to ¢’ . This derivative can be expressed as:

a°p° |l —w

= =(1+n) Sai
{}CT‘_ (2

w+ (1 =)

(@+ (1 — w)(c)1) * (0D

+(n—1 :r{cTr"],

All the terms in the right-hand side of this expression are positive, except for the last
term in square brackets, which has an ambiguous sign. Hence, the sign of this der1v-

1 . : | —w _ YN
ative 1s determined by the sign of the term [m+{1—m}{rw + (n— 1)(cy) ] We can

characterize the conditions determining the sign of this term by first reducing it to

this expression:
1 n—1
i 4

where we used the definition @ = @ /(1 — w). Analyzing this expression, it follows
that:

(31)

ALY

1 n—1 > 0
+ =N = —
Lﬁi— (cTyn (:"T)’fl T2 @+ (¢t
Notice the expression in the right-hand side of the last inequality is always a positive
fraction, but its magnitude varies with ¢!, @ and #, which is what makes the direc-
tion of the inequality ambiguous. Still, given that > —1 from the CES functional
form and that ¢ > 0 and 0 < @ < 1, we can establish the following three results:

. The pand BES functions are strictly concave when the elasticity of substitu-
tion between tradables and nontradables is greater or equal to 1: 1f =1 < n <0

(ie.,1/(1 +n)>1),thenn < ——, and hﬂncel Y e o A ] < 0 and thus both

ey’ DTy (et

p¢ and BB®®"? are strictly concave, for any positive ¢’ w.
2. The p“and BRI functions are strictly convex when the elasticity of substitution
between tradables and nontradables is less or equal than 1/2: 1f n > 1 (1.e.,
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/(L +m) < 1/2)theny > —Z— and hence| —— + ZL| > 0 and both p* and

fl @+ (T

(¢

BB>!P are strictly convex, for any positive 7, .

The p“ and HBSSLDﬁmﬂmnf are concave (convex) for sufficiently low (high) ¢”
when the elasticity of substitution nf bemeen 172 and 1: 1f 0 < n < 1 (so that

1/2 < 1/(1 +n) < 1), the sign nf[ ]changes from negative to posi-

fad

ity {ET}"

a.

r = land as ¢! increases

a+{cTy o+ tr}"
falls. Hence, near ¢ = 0 the derivatives are negative and the curves are concave.
By continuity, for sufficiently low ¢! the curves are concave, and for sufficiently
high ¢ the curves turn convex.

tive as ¢’ rises. Around ¢’ = 0 we obtain g <

Bianchi (2011) notes that estimates of the elasticity of substitution in tradables
and nontradables consumption for emerging markets are in the [.4, .83] interval.
Hence, most of this range falls in the region where the third result above applies.
Quantitatively, however, in our baseline calibration for the perfect-foresight experi-
ments taken from Bianchi’s work (which uses n = 0.205, 1/(1 + ) = 0.83) and for
other exercises using reasonable values of »° and y" and any 0 < 5 < 1, we found
that BB is either convex or nearly linear, except for a slightly concave seg-
ment for very low ¢’. In all of these experiments, the concavity is visible only for
¢! < 0.05 compared with a perfect-foresight unconstrained equilibrium of ¢/ = 0.92
using our baseline calibration, or a Sudden Stop outcome of ¢/ = 0.83 for a wealth-
neutral negative shock of nearly 20% from an initial income of y” = 1. Hence,
assuming convex or nearly linear BB>>'? curves when the elasticity of substitutions
1s less than unitary 1s innocuous.
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