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Abstract

This dissertation examines the role of external liability structure on the vulnerabilities and
the necessary policy design in economies prone to sudden stops. Accounting for differ-
ent types of capital flows, the first and second chapters study whether monetary policy
in emerging market economies should be prudential—i.e., deviate from price stability to
induce agents to borrow less and hold more insurance during tranquil times. In the first
chapter, I develop a New Keynesian open economy model in which agents can trade a
variety of international assets subject to a collateral constraint, then I derive a set of the-
oretical results. In the second chapter, I calibrate the model and conduct a quantitative
analysis. From these analyses, I find that there is no scope for prudential monetary policy
if either (1) the government can regulate both the level and composition of capital inflows
or (2) commitment is not possible and the government can only regulate the volume but not
the composition of flows. Otherwise, monetary policy should be prudential, though it is
less effective than capital controls, especially without commitment. Compared with single
bond setups, having multiple securities further reduces monetary policy’s capability to act
in a prudential manner. These results suggest that macroprudential instruments that target
both the level and composition of capital inflows are an essential part of an optimal policy
mix. When capital controls are not available, committing to a simple inflation targeting

rule delivers higher welfare than discretionary prudential monetary policy.



The third chapter explores the transmission of U.S. monetary policy to small open
economies, specifically focusing on the role of real debt revaluation channel. The pa-
per presents a tradable-nontradable sectors small open economy model with international
financiers who have limited risk-bearing capacity and introduces two channels of mone-
tary transmission - capital flows and debt revaluation. The strength of the debt revalua-
tion channel depends on the dollar’s share in both external debt and trade. Using high-
frequency data, the paper empirically shows that countries with a larger “exposed debt”,
a measure of real debt value sensitivity to dollar fluctuations, are more affected by U.S.
monetary policy shocks. The findings emphasize that both the level and currency compo-
sition of external debt, relative to that of trade, are critical in international monetary policy

transmission.
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Chapter 1

The Composition of Capital Inflows and
Optimal Monetary Policy in

Sudden-Stop Economies

1.1 Introduction

Cross-border capital flows generate substantial benefits for emerging market economies
(EMESs) by facilitating more efficient consumption smoothing and risk sharing. However,
capital flow surges and their subsequent reversals might undermine domestic financial sta-
bility (Forbes and Warnock 2021). Sudden stops of capital inflows are associated with
financial crises in EMEs.! Further, these crises are preceded by large capital inflows,

particularly in the form of debt flows (Reinhart and Rogoff 2011; Schularick and Taylor

I'See Bianchi and Mendoza (2020) who identify 36 sudden stops in EMEs between 1979 and 2016.
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2012). Therefore, how to mitigate the adverse impacts of capital flows is at the core of
policy debates.” This paper investigates the role of monetary policy in managing capital
flows by asking the following questions: Should monetary policy in EMEs depart from
its traditional role of price stabilization to target the volume and composition of capital
flows—that is, be prudential? If so, how effective is prudential monetary policy for reduc-
ing the likelihood and severity of financial crises? How do various policy regimes compare
in terms of welfare, accounting for both normal and crisis times?

I answer these questions within the framework of a two-sector (tradable and nontrad-
able) small open economy New Keynesian model, in which agents trade a variety of in-
ternational securities. Domestic agents are subject to an occasionally binding collateral
constraint as in Mendoza (2002, 2010), which captures surges and reversals of capital
flows in EMEs. Also, some forms of flows are more cyclical than others, making them
riskier. The value of collateral depends on the exchange rate; thus, the policymaker can
influence borrowing capacity by manipulating the exchange rate. Along with monetary
policy, the policymaker might have access to capital controls and reserve accumulation as
policy instruments. I theoretically characterize the optimal monetary policy in this envi-
ronment. Then, in the next chapter, I calibrate the model and conduct a numerical analysis
to quantify the differences between alternative policy regimes.

The findings can be summarized as follows. In general, monetary policy is pruden-
tial and deviates from macroeconomic stabilization—i.e., stabilizing prices and closing
the output gap—during tranquil times. In only two scenarios is monetary policy not pru-

dential and focuses exclusively on macroeconomic stabilization: first, with distinct capital

2See, for instance, the recent institutional view of the International Money Fund on capital flow man-
agement, IMF (2022).



controls that alter both the volume and the composition of capital inflows; second, with
uniform capital controls that only target the level but not the composition of flows under
discretion. However, prudential monetary policy alone is less successful than capital con-
trols in reducing the frequency and intensity of sudden stops, especially in the absence
of commitment. Commitment is crucial; even sticking to a simple inflation targeting rule
(which doesn’t include leaning against the wind) delivers higher welfare than prudential
monetary policy under discretion. Furthermore, allowing multiple securities as opposed
to a single bond in the international asset markets further weakens the effectiveness of
prudential monetary policy.

To better understand the intuition behind these results, consider the underlying inef-
ficiencies and how their interactions create policy tradeoffs. First, the nominal rigidi-
ties are sources of aggregate demand externalities and lead to inflation and an output gap
when monetary policy cannot adjust (Korinek and Simsek 2016; Farhi and Werning 2016;
Schmitt-Grohé and Uribe 2016). Second, the presence of a collateral constraint that de-
pends on exchange rates generates pecuniary externalities (Korinek 2010; Bianchi 2011).
When the constraint binds, a currency depreciation reduces the borrowing capacity of do-
mestic agents, and therefore leads to capital outflows from the domestic economy. The fall
in net capital inflows further depreciates the exchange rate and reduces borrowing capacity
even more. This is a manifestation of amplification through the Fisherian debt deflation
mechanism. Importantly, lower wealth in bad states exacerbates this negative feedback
loop. Because individual agents take the exchange rate as given, they do not internal-
ize how their financial decisions (both the total and composition of liabilities) in good

states are contributors to contractionary depreciations in bad states. As a result, private



agents overborrow and underinsure. All in all, there are four inefficiencies in the model—
inflation, output, overborrowing, and underinsurance—that require conflicting monetary
policy stances in normal times. Thus, although monetary policy is not constrained (by,
e.g., the zero lower bound or by a fixed exchange rate regime), it cannot achieve all of the
objectives and must strike a balance between them.

In normal times, in the absence of capital controls, monetary policy must strike a com-
promise between macroeconomic stabilization and leaning against the wind to mitigate
overborrowing and underinsurance. Prudential monetary policy consists of two actions.
First, by changing the relative prices of tradable and nontradable goods, monetary policy
can influence the demand for tradable goods and therefore the total borrowing of domestic
agents. Since this does not require any commitment, it is available to policymakers under
both discretion and commitment. However, this action can only impact the total level of
borrowing but not the composition directly. In fact, as total borrowing decreases, the prob-
ability and severity of financial crises decrease as well. As a result, agents increase their
exposure and have less insurance, since insurance is costly. In this way, private agents
can undo the benefits of the first form of prudential monetary policy. The second type of
prudential action involves a future threat of a more depreciated currency, and thus a more
severe financial crisis. An expectation of a more severe and frequent crisis induces agents
to limit their exposure by reducing total borrowing and increasing insurance. Since this
policy is not, by definition, available to monetary policy under discretion, it cannot directly
target underinsurance. To recap, absent capital controls, monetary policy under commit-
ment aims for price stabilization, closing the output gap, addressing overborrowing, and

addressing underinsurance; discretionary monetary policy has the same objectives, except



for addressing underinsurance.

The existence of capital controls modifies the role of monetary policy. Under dis-
tinct capital controls, monetary policy focuses exclusively on macroeconomic stabiliza-
tion. This is because capital controls can eliminate the financial inefficiencies that result
from the pecuniary externalities without directly interacting with inflation and the output
gap. Importantly, in this environment, there is a “divine coincidence”, so monetary policy
can simultaneously close the output gap and stabilize prices. As a result, under distinct
capital controls, all of the inefficiencies are addressed in normal times. When only uniform
capital controls are available, they restrict the volume of capital inflows and address over-
borrowing. The remaining financial inefficiency, underinsurance, can only be addressed
by monetary policy under commitment. Notably, all the prudential actions, whether they
are conducted by macroprudential tools or monetary policy, are in place only if there is
a nonzero possibility of a binding constraint in the next period. When total liabilities are
low enough, the possibility of a future financial crisis is zero. This means that the negative
feedback between the exchange rate and the borrowing limit doesn’t exist; thus, there is
no financial inefficiency and no scope for prudential action.

Furthermore, during a financial crisis, monetary policy limits currency depreciation to
prevent borrowing capacity from collapsing too much. This is a form of “fear of floating”
(Calvo and Reinhart 2002). However, containing the exchange rate depreciation leads to
expenditure switching from nontradables to tradables, and therefore underproduction and
deflation in the nontradable sector. Thus, in a financial crisis, monetary policy sacrifices
macroeconomic stabilization in favor of easing the borrowing constraint (Ottonello 2021).

This tradeoff between macroeconomic stabilization and increasing capital inflows in bad



states is present regardless of the commitment power or existence of capital controls.’

To summarize, the extent to which optimal monetary policy leans against the wind
depends on commitment power, the nature of additional policy instruments, whether there
is a financial crisis in the current period, and whether there is a possibility of a financial
crisis in future. Note that without the borrowing constraint, the incentive to increase capital
inflows during crisis times, as well as the financial inefficiencies of overborrowing and
underinsurance, would disappear. That would leave macroeconomic stabilization as the
sole responsibility of monetary policy in all circumstances.

These analyses reveal that an essential part of an optimal policy mix is capital controls
that target both the total volume and composition of capital inflows. First, they are more
effective for addressing financial inefficiencies than prudential monetary policies. Second,
they alleviate the tradeoffs that monetary policy faces, and therefore monetary policy more
effectively focuses on its traditional macroeconomic stabilization role. Finally, capital
controls help insulate the domestic economy from external financial shocks. In normal
times, distinct capital controls can be adjusted accordingly to neutralize the impacts of
foreign shocks to capital inflows. In a crisis, since capital controls reduce the strength
of financial crises, they also dampen the transmission of financial shocks through credit
constraints. These results are in line with Rey (2015) who argues that even without any
restriction on the exchange rates, global financial conditions constrain domestic monetary
policy under unrestrained capital flows.

This paper contributes to a growing literature on optimal monetary and macropru-

dential policy mix in financially constrained economies” (see, e.g., Fornaro (2015); Ot-

3However, having commitment power and/or capital controls alleviates this tradeoff as shown below.
4For earlier contributions to optimal contractionary monetary policy in a crisis, see, among others,



tonello (2021); Adrian et al. (2020); Basu et al. (2020); Benigno et al. (2013, 2016, 2019);
Schmitt-Grohé and Uribe (2021), Bianchi and Coulibaly (2022)). Within this strand of
literature, this paper is closely related to Devereux et al. (2019) and Coulibaly (2022). The
borrowing constraint in Devereux et al. (2019) features the expected future value of collat-
eral. Therefore, in contrast to this paper, neither monetary policy nor capital controls are
prudential in their setup. In my model, borrowing capacity depends on current prices and
monetary policy is prudential if the necessary capital controls are not available. Coulibaly
(2022) argues that the relative strength of intra- and intertemporal substitutions explains
procyclical monetary policies in EMEs. All of these papers consider homogeneous capital
flows by assuming a single bond. By contrast, I focus on the effectiveness of prudential
monetary policy in a setup with multiple nonuniform capital inflows and a nontrivial liabil-
ity choice. Having multiple forms of capital inflows yields new insights into both financial
crisis dynamics and optimal policy design in financially fragile economies.

This paper is also related to the financial crisis literature that features pecuniary exter-
nalities; for example, Korinek (2010); Bianchi (2011); Bianchi and Mendoza (2018); and
Jeanne and Korinek (2019). The papers Erten et al. (2021) and Rebucci and Ma (2020)
extensively review the literature on the source and implications of pecuniary externali-
ties. The current paper departs from this literature by studying crisis dynamics under the
interaction between financial and nominal frictions.

Finally, this paper also relates to the literature that investigates the role of external
capital structures on financial stability. Korinek (2018) shows in a real model that the

externalities generated by capital inflows in EMEs depend on the payoff profiles of these

Caballero and Krishnamurthy (2003); Christiano et al. (2004); Caballero and Krishnamurthy (2004); and
Braggion et al. (2009).



flows. By contrast, in this paper I consider interactions between nominal and financial
frictions as well as optimal monetary policy design in an economy facing different forms
of capital inflows. Liu et al. (2021) studies the role of having local currency in sudden
stop dynamics, while Ma and Wei (2020) argues that financing current account deficits
with more equity and less debt reduces financial risks. Empirical studies, such as Forbes
and Warnock (2012a), Catao and Milesi-Ferretti (2014), document the importance of the
liability structure of a country for financial stability. This paper complements those studies
by focusing on the prudential role of monetary policy, which is not addressed by those

papers.

1.2 Baseline Environment

Consider an infinite-horizon small open economy model with a tradable and a nontradable
sector. The economy is subject to occasional sudden stops of capital inflows. Time is dis-
crete and indexed by ¢. In each period, the economy is endowed with a stochastic tradable
endowment ¥,” while nontradable goods ¥ must be produced within the country. House-
holds have access to international financial markets. In the baseline model, I assume that
domestic agents have access to the full set of state contingent Arrow securities. In Ap-
pendix B, I show that the main results do not depend on this assumption. Specifically,
the financial inefficiencies of overborrowing and underinsurance exist, and the policy re-
sponses are the same under financial markets with both complete Arrow securities and
composite securities, such as bonds. Domestic agents are subject to a borrowing limit that

depends on the price of tradables relative to nontradables. The exogenous shocks are the
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ones to the tradable goods endowment and to the pricing kernel of international investors.

1.2.1 Households

A representative household has preferences over tradable goods C!, non tradable goods

CN, and labor L;:

Eo Y B'U(Ccl,CY. L) (1.1)
=0

where [ denotes the conditional expectations operator and § < 1 is a discount factor.
The utility function U(.) is such that labor is separable from both consumption goods®
and satisfies the standard regularity conditions. In the quantitative analysis section below,
there will be more restrictions on the preferences.

Nontradable goods are produced and consumed domestically. Households are exoge-
nously endowed with stochastic tradable goods ¥,” in each period. The tradable good is
homogeneous and can be traded internationally at price P, without any friction. As a re-
sult, in each period, the small open economy has a net export of ¥,/ —C! expressed in the
foreign currency. Assuming that the law of one price holds, the price of the tradable good

in Home currency is
T _ *
P =&,

where &; is the nominal exchange rate between home and foreign currency denoting the

>This assumption greatly simplifies the notation without directly impacting the qualitative findings be-
low.
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value of one unit of foreign currency in units of local currency. A depreciation in home
currency corresponds to an increase in &;. Also, without loss of generality, I assume that
the international price of the tradable good remains constant at one for every period, i.e.,
Pr=1, Vvt

Households trade securities with large international investors. As an implication of
the small open economy assumption, payoff profiles of international securities expressed
in the foreign currency are determined by the international investors’ pricing kernel, and
therefore they are exogenous to the domestic economy. Let B} ; denote the security hold-
ings of households for state s € S at time 7 + 1 that is acquired at time 7. B | > 0 denotes
domestic agents’ savings, whereas B; ; < 0 denotes their borrowings from the interna-
tional investors using the security s.

In each state of the world, households are subject to the following sequence of flow

budget constraints expressed in local currency:

PYCY + PG + &8 M (B} = WL+ B Y + 6B+ T, + T,  (1.2)

where PV is price of nontradable goods; M?

+.1 1s the pricing kernel of international in-

vestors in state s at time ¢ + 1; W; is wage from supplying one unit of labor to production
of nontradable goods; I1; is profit resulted from the ownership of the domestic firms; 7; is
lump-sum tax or transfers levied by the government. The total wealth that the agent carries

to the next period is given by the term &E, [Mls 1 } . Note that all variables are indexed

S
+1
by both time and state. However, to ease the notation, I will only explicitly denote states
of £ + 1 variables, as in B} ; and M} ,.

Additionally, domestic households face a borrowing constraint that limits their total

12



external liabilities in the form of
~&E, [ME 1B, ] < x(PTYT +PY) (1.3)

This borrowing constraint captures the idea that the level of total borrowing in the small
open economy positively depends on the realization of tradable endowment, nontradable
goods price, and the value of local currency against the foreign currency. Because P! =
& PF, holding everything else constant, a depreciation of the local currency reduces the
borrowing limit expressed in tradable goods.® Even though the exact specification might
differ, this class of borrowing constraints for small open economies is the backbone of
sudden stop dynamics and, therefore they are used extensively in the literature.’

Given this environment, the representative household’s problem is to choose consump-
tion of tradable and nontradable goods, labor, and asset holdings to maximize the expected
discounted utility (1.1) subject to the budget constraint (1.2), and the borrowing constraint

(1.3). The resulting optimality conditions are

Ur: = p:Uny, (1.4)
U,: W

— T = oN 1.5
UN,[ P[N ( )

Ur; = BUT R+, VSES, (1.6)

where p; = P /PY is the price of the tradable good relative to the nontradable good. Fol-

%To see this more clearly, rewrite the constraint as —E, [M?, | BS || < k(Y +PN/&).

7See, for example, Basu et al. (2020), Farhi and Werning (2016), Bianchi (2011). In Farhi and Werning
(2016) and Basu et al. (2020) borrowing limit depends only on the domestic currency price, and not the pro-
duction level or endowment. Further, Korinek (2018) provides an analytic description of how this constraint

can be micro-founded in the presence of a moral hazard problem.
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lowing convention, I interpret this relative price as the inverse of the real exchange rate.
Ur, Uy, Uy, are marginal utilities of tradable goods consumption, nontradable goods con-

sumption and labor, respectively; R, | = 1/M; , is the return on the security and

1>
U/ &; is the lagrange multiplier on the borrowing constraint. Equations (1.4) and (1.5)
are intratemporal optimality conditions: (1.4) relates relative demand between nontrad-
able and tradable goods to their relative price, while (1.5) is the condition for optimal
labor supply. (1.6) gives the usual intertemporal Euler equation with a wedge u, which is
positive when the borrowing constraint binds, and zero otherwise.

The condition for optimal portfolio allocation between any two states s and s’ is given

by the following expression, which can be obtained by writing Euler equations with respect

to both states:
/ !
U%,r+1Rf+1 = U;,tJrlRterl (L.7)

This expression reveals that the extent of insurance across different states of the world
depends on the relative cost (or return if households save) of the associated securities. If

there is no difference in cost, that is, if international investors are risk neutral, and therefore

/ . . .
M; = > 1 domestic households have perfect insurance between the two states, i.e.,
/
A — A
Uiy = Uiy

1.2.2 Firms

To introduce price stickiness in the nontradable sector, I assume that production of fi-

nal nontradable goods Y¥¥ requires nontradable intermediate goods that are produced by

14



monopolistically competitive firms. The final nontradable good YV is produced by com-

petitive firms according to the following technology

N Tonest N
Y, =(/O vy d1>

where € > 1 is the elasticity of substitution between varieties. Each intermediate variety
Y ﬁ; is produced by a monopolistically competitive firm j which faces the economy-wide
productivity A and uses labor as the only input: Y JA; = AL;,. The government provides
a wage subsidy ¢” to each firm j to remove the inefficiency resulted by the imperfect

competition. As a result, each firm has the same marginal cost expressed in nontradable

goods: MC; = AV}‘fN(l —Q").
t
The intermediate goods producers can adjust their prices in each period but are subject
to a convex price-adjustment cost in terms of final nontradable goods as in Rotemberg

(1982):

where @ captures the severity of the adjustment cost.
In a symmetric equilibrium, this formulation yields the following version of the New

Keynesian Philips curve:

e—1
(PTC; (1 —|— TL}) =& (MC; - T) + Y%Et [@;7,+1YA]_17‘L}+1 (1 + 7T1+1):| (18)
t

PN . . . U .
where m, = W — 1 is the inflation rate of nontradable goods and ©; ;11 = ﬁULNt,H is house-
t—1 ’
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holds’ stochastic discount factor between ¢ and ¢t 4+ 1. "The profit for each firm j is com-
puted as the difference between its revenue and the combined wage and price adjustment

costs and given by:

m=pyY (1-2m) ~wi(1- 91,

1.2.3 Government

The government in the small open economy is an entity that sets monetary policy, macro-
prudential policies, and the wage subsidy. The monetary policy instrument is the value of
the local currency, i.e. the exchange rate between the home and foreign currency. Note that
the usual interpretation of monetary policy of setting the domestic interest rate path would
be isomorphic to choosing the exchange rate between the home and foreign currency, given
exchange rate expectations and foreign interest rates. For this, one can assume that there
exists a zero net supply of home currency bonds, which are exclusively traded domesti-
cally. Moreover, since for a given nontradable price level P the policymaker can choose
PT, I interpret Home’s monetary policy as choosing price of tradable goods relative to
nontradable goods p;.

I examine optimal monetary policy based on (1) the availability of additional prudential
instruments that can directly regulate the household’s portfolio holdings and (2) whether
the policy maker has the commitment capacity. For the additional macroprudential in-
struments, I consider capital control taxes in the baseline model. I investigate whether
monetary policy should lean against the wind and be prudential under three different as-

sumptions about the nature of capital controls. The first one is distinct capital controls,
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where the policymaker can impose a differential capital control tax on each security. |
show in Appendix C that employing these kinds of capital controls yields the same allo-
cations as accumulating international reserves. In this sense, capital controls and reserve
accumulation are equivalent to each other in the current setup. Then I consider uniform
capital controls, in which the policymaker cannot distinguish between capital control taxes
among various securities but rather imposes a uniform tax for all types of securities. The
final case is when capital controls are not available to the policymaker. The government
runs a balanced budget regardless of the type of policy instruments. This means that the
lump sum transfers or taxes 7; to households include the wage subsidy as well as the rev-

enue from macroprudential policies when they are in place.

1.2.4 Equilibrium

In an equilibrium, nontradable good consumption is equal to nontradable production net

of price adjustment cost
cV=yN (1—%7:,2) (1.9)

The resource constraint for tradable goods derives from substituting firms’ profits, the
government budget identity and the market clearing condition for nontradable goods into

the household budget constraint:
¢/ =Y +B K M, B ] (1.10)

Definition 1 (Competitive Equilibrium) A competitive equilibrium for this economy con-

17



sists of allocations {C],CN ,L;,{B, | }ses} and prices {PI',m W} such that taking as
given the monetary policy {p;}, macroprudential policies, wage subsidy, and prices (in-
cluding asset prices), households maximize their lifetime utility (1.1) subject to their bud-
get constraint (1.2) and borrowing constraint (1.3); firms maximize profits;, markets for

labor, tradable and nontradable goods clear.

In line with the optimal policy literature, 1 take the primal approach by substituting
away the policy instruments using the associated equilibrium conditions. This yields the
following implementability result:

Implementability: An allocation {CI,CN L,,{B}scs} and prices {m, p;} form part
of an equilibrium if and only if the conditions (1.3), (1.4), (1.8), (1.9), and (1.10) are
satisfied.

Note that the implementability result is obtained by assuming that the government
has access to tools that can target both the level and composition of security holdings of
households. Without these tools, the relevant household optimality conditions become

additional implementability constraints for the policymaker, as shown below.

1.3 Optimal Policy Analysis

In this section, I analyze optimal policy design and whether monetary policy has a pruden-
tial role. First, I discuss the externalities and inefficiencies that shape the optimal policy
actions. Then, I characterize the optimal monetary policy under commitment and discre-
tion. In each case, I investigate how the tradeoffs that monetary policy faces depend on the

availability and nature of additional prudential instruments. In what follows, I assume that
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the wage subsidy is only used to eliminate the inefficiency resulting from imperfect com-
petition in the production of intermediate nontradable goods. This means that the subsidy
is time invariant and set to the inverse of the elasticity of substitution between varieties,
¢" = 1 /€. Setting an optimal wage subsidy in each period would give another optimality

condition and and adds little or no realism to the optimal policy design.

1.3.1 Frictions, Externalities and Inefficiencies

Next, I will discuss nominal and financial frictions in this economy and how they create

inefficiencies.

Nominal Frictions and Aggregate Demand Externalities

The first friction in this setup is nominal rigidity due to costly price adjustments in the
nontradable sector. Because resetting prices is costly, after the realization of a shock, the
prices of nontradables do not adjust as they would under flexible prices. "This leads to ei-
ther over- or under-production of nontradable goods compared to what would be produced
under a flexible price level, resulting in an output gap. Additionally, any price change re-
duces the amount of nontradable goods available for consumption, which in turn induces
welfare losses. Households do not take into account the impact of their demand on these
price adjustments. Therefore, there are aggregate demand externalities. These externalities
are associated with two inefficiencies: inflation and output gaps.

To ease the notation, instead of using the standard output gap concept in the New
Keynesian literature, following Farhi and Werning (2016), I will analyze optimal policies

using a closely related equilibrium object, the labor wedge, which indicates the wedge
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between social marginal cost and benefit of transforming labor into nontradable goods:

1 UL,
T =14+—-——
! +AUN7[

The labor wedge is proportional to the output gap and is zero in the flexible price alloca-
tions. A positive wedge indicates an output that is below its efficient level (or a recession).
As will be shown below, when the borrowing constraint is binding, monetary policy in-
creases the borrowing capacity of the economy, which requires having an exchange rate
not depreciated enough to close the output gap. This results in a positive labor wedge in a

financial crisis.

Financial Frictions and Pecuniary Externalities

The second friction is due to the existence of the borrowing constraint that depends on the
relative price of tradable goods. As the literature shows, this friction leads to pecuniary
externalities because private agents do not internalize how their portfolio decisions impact
the relative price of tradables through the absorption of tradable goods. In the states in
which the borrowing is constrained, lower absorption of tradables due to lower wealth de-
preciates the real exchange rate (or equivalently, raises the price of tradables relative to
nontradables) in an equilibrium. A depreciation in the real exchange rate makes the bor-
rowing constraint even more stringent and further reduces the tradable goods consumption.
This is a version of financial amplification through Fisherian debt deflation: A binding bor-
rowing constraint leads to a reduction in net capital inflows, which results in falling in real
exchange rates and adverse balance sheet effects through a tighter borrowing constraint;

thus leads to even more reduction in net capital inflows. Because this mechanism operates
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through relative prices, which is an equilibrium object, private agents do not consider how

their actions contribute to it, and they accumulate too little wealth in tranquil times.

Remark 1 Private agents’ security holdings in decentralized equilibrium are generally

inefficient and it exhibits inefficiencies in

(i) total volume: the level of total borrowing is excessive, i.e., private agents overbor-

row,

(ii) composition: portfolio allocation is not socially desirable, i.e., private agents un-

derinsure.

To better understand how pecuniary externalities lead to portfolio inefficiencies in the
current setup, suppose that prices are fully rigid® at PV = 1 for all ¢ and policymaker has
access to a distinct capital controls tax for each security. Then the policymaker’s problem
becomes maximizing households’ life time utility (1.1) subject to the implementability
constraints (1.3), (1.6), (1.9), (1.10). Also, suppose that there is no financial crisis in the

current period. Under these conditions, the Euler equations of the policymaker becomes:
Ury =BUr i (117 P10) Ry, VsES (1.11)

where ,u:lfl is the policymaker’s lagrange multiplier on the borrowing constraint at time

K(UNT 1= Ul r11)

) —
= L
t+1 UAT, s

t+1 in state s, and P A
1+1P141

> (. Weighting these state dependent Euler

equations with their associated probabilities and summing across states yields:

Ury = BE; [Ug i1 (1 4+ 179741 ) R - (1.12)

8This means resetting price is “too costly”; i.e., ¢ — oco.
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Similarly, applying the same steps to the households’ Euler equations 1.6, we have

Ury = BE, [U%,HIR;H} : (1.13)

Because of the assumptions that the constraint is not currently binding and the nontrad-
able good price is rigid, the marginal benefit of an additional unit of borrowing, given
by the left hand side of the equations, are the same for households and the policymaker.
However, private and social marginal cost of an additional unit of borrowing (the right
hand side of the equations) are different, if there is a nonzero possibility of a binding bor-
rowing constraint in some states ut*fl # 0. A higher level of debt, first, directly reduces
tradable good in the next period. Second, there is an indirect channel. In the states in
which the constraint is binding, this reduction in the absorption of tradable goods fur-
ther decreases the relative price of tradables and makes the constraint even tighter as ex-
plained above, which reduces tradable goods consumption even more. The planner takes
into account these secondary general equilibrium impacts of borrowing, summarized by
the term Ur;1 14" | P;+1, while private agents do not. For private agents, the marginal
value of the next period tradable consumption is U741, while for the government it is
Urii1 (1 + ,u[*Jrld),H). Consequently, private debt accumulation is inefficiently high, that
18, households overborrow.

In addition to overborrowing (inefficient wealth distribution across time), households’
security holdings suffer from underinsurance (inefficient wealth distribution across states)
due to the existence of pecuniary externalities. Comparing private agents’ and the plan-

ner’s optimality conditions for portfolio allocation between a crisis state sc and a non-crisis
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state sn at ¢ + 1 is illustrative for this point:

UL R = UL Ry (1.14)

USRI = Uy (L 77900 ) RS (1.15)

Equation (1.14) is obtained from the households’ optimality condition (1.7), and equation
(1.15) is the policymaker’s optimality condition for the portfolio shares under the fully
rigid nontradable goods price assumption. Whether there is a binding constraint or not,
households value the tradable goods consumption by its direct effect Ur. Thus, at the opti-
mum, they allocate their portfolio such that the marginal benefits of tradable consumption
is equal to the relative cost of securities. The policymaker also makes this marginal cost-
benefit tradeoff. However, in crisis states the value of an additional unit of consumption
is not just Ur but also Ur (1 + u*®) due to the secondary general equilibrium effects as
explained before. That’s why although the marginal cost of allocating wealth from the
non-crisis state sn to the crisis state sc (the left hand side) is the same for both private
agents and the policymaker, marginal benefit (the right hand side) is different. As a result,
private agents misallocate their portfolios and take excessive risks. This is the underinsur-
ance problem.

Importantly, having the full set of Arrow securities clearly shows that overborrowing
in and itself, is not the main problem but underinsurance is. This is because a low level of
wealth is a source of inefficiency in bad states but not in good states. However, consump-
tion smoothing across states induces private agents to have a higher level of borrowing

than the policymaker in good states as well. With arbitrary composite securities (such
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as bonds or equities) one cannot distribute wealth across states however one wishes, thus

overborrowing and underinsurance is more tightly connected.

The relationship between the volume and composition of debt securities. In this
environment, under some mild assumptions, if the total level of borrowing exogenously in-
creases, private agents also reallocate their portfolio to increase their wealth in bad states.
This is because as their total liabilities increase, the consumption risk in a crisis also in-
crease. Therefore, private agents want to contain their exposure by having more insurance.
As the quantitative analysis in the next chapter shows, this has important policy implica-
tions.

To summarize, there are two relevant frictions in this setup, costly price adjustments
and the borrowing constraint that depends on the exchange rates. These two frictions lead
to aggregate demand and pecuniary externalities that are associated with four inefficien-
cies: labor wedge, inflation, overborrowing, and underinsurance. The policymaker takes
into account these frictions when designing an optimal policy mix.

Also note that due to the modelling assumptions, other possible motives of monetary
policy that are usually present in open economy setups do not exist here. Two such motives
are manipulating terms of trade and “completing” financial markets by adjusting asset
returns. Both terms of trade and asset returns are exogenous to the policymaker in this

study. Therefore, they do not play any role in shaping the optimal policy.

1.3.2 Policy Instruments

The monetary policy instrument in this study is the nominal exchange rate, or equivalently,

the local currency price of tradable goods. Due to staggered prices in the nontradable sec-
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tor, by adjusting the exchange rate, monetary policy impacts the relative price of tradable
and nontradable goods. By causing an expenditure switch between the two sectors, the
policymaker influences the demand for nontradables, thereby affecting inflation and the
labor wedge.

For additional prudential instruments, I consider capital control taxes which the policy-
maker imposes on international securities transactions. By adjusting these taxes, the pol-
icymaker distorts private intertemporal and intratemporal financial decisions. This allows
the policymaker to choose allocations without having to respect the relevant households
Euler equations given by (1.6). These sets of Euler equations can be rewritten in the forms
of (1.13) and (1.7) to study the implications of distinct and uniform capital control taxes.
If the policymaker can use distinct capital control taxes differentiated by types of capital
inflows, then neither (1.13) nor (1.7) constrain the policymaker.9 Instead, when uniform
taxes are available, so that the policymaker cannot directly adjust portfolio allocations,
then although (1.13) is not a constraint, the policymaker has to respect the private equilib-
rium conditions (1.7). If no capital control tax is available, then both (1.13) and (1.7) enter
as constraints to Ramsey problems. I assume that the proceeds from capital control taxes
are rebated to households so that the government always has a balanced budget.

Next, I will study how optimal policy mixes should be designed considering the inef-

ficiencies outlined above.

9 As an alternative to distinct capital controls, the policymaker might also accumulate reserves for pru-
dential purposes, as in Arce et al. (2019). Appendix C shows the reserve accumulation case.
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1.3.3 Optimal Policies under Commitment

In this subsection, I will characterize optimal monetary policy with the premise that the
policymaker is able to commit. Due to the existence of inefficiencies described above,
the policymaker has three separate roles in this economy. The first is the standard role
of macroeconomic stabilization, which involves stabilizing prices and closing the output
gap. Second, in a financial crisis, i.e., when the borrowing constraint is binding, the pol-
icymaker aims to ease the credit conditions by increasing the value of collateral. Finally,
in normal times, monetary policy leans against the wind to correct the financial inefficien-
cies that capital inflows create and to policy reduce the severity and frequency of financial
crises. The next proposition explains how these roles interact with each other depending

on the availability of additional prudential instruments.

Proposition 1 Optimal monetary policy under commitment has the following properties:

1. without the financial friction (if the borrowing constraint is never binding), it
achieves the perfect macroeconomic stabilization by eliminating inflation and clos-

ing labor wedge, i.e., m; = 7, = 0.
2. with the financial friction,

(a) under distinct capital controls
i. in normal times, it is able to fully stabilize the economy (m; = 7 = 0) if the
most recent crisis is sufficiently past,
ii. in a financial crisis, it strikes a balance between macroeconomic stabi-

lization and relaxing the borrowing constraint,
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iii. it is not prudential,
(b) under uniform capital controls

i. in normal times, it deviates from macroeconomic stabilization to target
private agents’ portfolio allocations by promising a more severe crisis
when the constraint binds,

ii. this macroprudential role only exists if there is a nonzero possibility of a
financial crisis in the future,

iii. in a financial crisis, it aims for increasing capital inflows by relaxing the

borrowing constraint,
(c) without capital controls

i. in normal times, it deviates from macroeconomic stabilization to target
both level and composition of households’ debt by (1) promising a more
severe crisis when the constraint binds (2) increasing private marginal
cost of borrowing,

ii. this macroprudential role only exists if there is a nonzero possibility of a
financial crisis in the future,

iii. in a financial crisis, it aims for increasing capital inflows by relaxing the

borrowing constraint.

Proof See Appendix A.1.
One immediate takeaway from these results is that during a financial crisis, to alleviate
the severity of the crisis, monetary policy increases domestic agents’ borrowing capac-

ity by increasing the value of collateral and relaxing the credit constraint, regardless of
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the capital controls. This requires appreciating the local currency to decrease the relative
price of tradables. However, reducing the relative price of tradables induces an expendi-
ture switch from nontradable goods to tradable goods, which leads to underproduction,
deflation, and a recession in the nontradable sector. This tradeoff between easing financial
conditions and ensuring macroeconomic stabilization is usually present in open economy
models with financial frictions (see Farhi and Werning (2016), Ottonello (2021), Coulibaly
(2022), among others). In reality, many EME central banks face a similar dilemma as
monetary easing might stimulate demand but also it depreciates the currency and reduces
capital inflows to the economy. To see this tension more clearly in this environment, sup-
pose the nontradable goods price is extremely rigid at P = 1 and policymaker has access
to the full set of prudential instruments. Then monetary policy can be characterized by the

following simple expression

2 2 *
UN,;Tz(Pt) = U K (Urns — piUnny)
—_—— ~ ~ -
macroeconomic stabilization relaxing the borrowing constraint

which indicates that in a financial crisis (1, > 0), monetary policy has to sacrifice macroe-
conomic stabilization (7 # 0) in order to relax the borrowing constraint. Conversely,

macroeconomic stabilization is only possible if the constraint is not binding.
Remark 2 Inflation stabilization is generally not the optimal policy.

Importantly, considering various types of capital inflows reveals that inflation stabilization
is the optimal monetary policy in financially fragile economies only under rare circum-
stances. The first is the absence of the credit frictions (and therefore financial frictions),

that is, when « is sufficiently large. Since there is no financial crisis, there’s also no need
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to increase capital inflows'” without an occasionally binding borrowing constraint. More-
over, as a consequence of the absence of the borrowing restriction, there is no pecuniary
externality and thus, neither overborrowing nor underinsurance arises. This also elimi-
nates the need for prudential action. As a result, monetary policy can focus entirely on
stabilizing prices and closing the labor wedge.

Another case when perfect price stabilization is the optimal policy is when there is a
full set of policy instruments that can target both the level and the composition of capital
inflows and the last financial crisis has occurred a sufficiently long time ago. The pruden-
tial instruments considered in this study can perfectly eliminate the financial inefficiencies
(overborrowing and underinsurance) without directly interfering with the non-financial in-
efficiencies of the labor wedge and inflation. Therefore, when they are in place, the only
role left for monetary policy is macroeconomic stabilization. The requirement that the
last crisis hit the economy sufficiently in the past is due to the commitment assumption.
If there was a financial crisis that resulted in a deviation from macroeconomic stabiliza-
tion recently, then convex price adjustment cost requires to adjust nontradable goods price
through time, rather than in just one period. This is only possible under commitment. As
a result, if there was a recent crisis, even with perfect instruments and without a financial
crisis in this period, monetary policy still deviates from zero inflation to keep previous
price adjustment promises.

A key feature of the current model that makes price stabilization optimal under afore-

mentioned conditions is the possibility of simultaneously eliminating inflation and output

10Tn fact, without a borrowing constraint that depends on exchange rate (or any other policy instrument)
the policymaker is not able to directly adjust capital inflows other than through changing the demand for
tradable goods.
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gap; that is, the divine coincidence (Blanchard and Gali 2007) exists. In general, in open
economy models, there is a tension between closing output gap and stabilizing prices, as
explored by Corsetti et al. (2010). The absence of a compromise between inflation and
labor wedge in the current setup is due to a combination of different factors. Importantly,
here inflation and labor wedge are defined with respect to only nontradable sector which
does not feature any other frictions. Also, terms of trade is exogenous because of the exis-
tence of homogeneous tradable goods with an exogenous price in foreign currency. Finally,
there are no real or nominal frictions other than staggering nontradable goods prices and
credit frictions.!! Without these assumptions of the model, the divine coincidence would

not exist.

Remark 3 Absent from the relevant full set of capital controls, optimal monetary always

policy has a prudential element.

Without the full set of prudential instruments that can target the size and composition
of households’ borrowing, monetary policy has a prudential role to correct inefficiencies
in private portfolios since they contribute to more frequent and severe financial crises. In
order to examine how monetary policy reacts to portfolio inefficiencies, let us suppose that
there is no financial crisis in the current period and that the nontradable good price is fully
rigid at PV = 1. Assuming that there are no other prudential instruments, monetary policy

can be characterized by the following expression in a target form

Un ;T = As;—1UrniR: +2A6,Urns — BAs;—1Urn R (1.16)
N 7 N - 7 A\ - 7
macroeconomic stabilization addressing underinsurance addressing overborrowing

"The existence of credit frictions worsens the trade off between output gap and consumer price inflation
(CPI) but not between output and tradable good inflation. Here, CPI is not inherently a source of inefficiency.
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where A5 and Ag denote the policymaker’s lagrange multipliers on the optimality condition
for portfolio allocation (1.7) and the households’ Euler equation (1.13) respectively. Note
that to emphasize the monetary policy actions on addressing overborrowing and underin-
surance, | break the households’ financing decisions into two steps: deciding how much to
save or borrow and allocating this sum across different states. In other words, I break the
condition (1.6) into two separate conditions: (1.7) and (1.13).

The prudential actions of monetary policy are given on the right side of the above
formulation. These actions involve adjusting the private benefits of tradable goods, Ur. All
of the terms on the right hand side has Ury in them, meaning that monetary policy uses
expenditure switching between tradable and nontradables to improve financial stability.
Depending on the degree of complementarity between tradables and nontradables, the
policymaker either creates a boom or recession in the nontradable sector to adjust the
private value of tradables Ur.

First, consider the case in which the policymaker has access to uniform capital control
tax. Then the households’ Euler equation (1.13) is not a constraint to the policymaker
and the terms in the last bracket in the above expression drop. In this case, monetary pol-
icy tradeoffs between macroeconomic stabilization and keeping a promise from the last
period. At time ¢ — 1, the policymaker promises that in the states of time ¢ where the
repayment cost is high (R} is high), it will make marginal cost of not having additional
insurance, U, also high. This requires departing from macroeconomic stabilization (i.e.,
7, # 0). Importantly, this promise is the only policy action available through which mon-
etary policy can address underinsurance. For a given borrowing level, portfolio choice is

a forward-looking optimization problem that involves future excess returns and consump-
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tion risk. Given the assumption that portfolio returns are exogenous to the policymaker,
the only available policy action to adjust portfolio weights is the promise to increase con-
sumption risk in future bad states.

If both the level of capital inflows as well as portfolio shares cannot be targeted by
additional prudential instruments, monetary policy aims to reduce overall borrowing as
well. Under commitment, this can be done through two policy actions. First, at time ¢,
the policymaker increases the cost of borrowing by reducing private marginal value of
tradables, Ur,. Second, at time ¢ — 1, the policymaker increases the value of additional
wealth at time ¢ by promising an increase in the private marginal value of tradables Ur.
However, once household borrowing decisions are already made at time ¢ — 1, this promise
of increasing U7, at time ¢ is in contrast with the first action (decreasing Ur,). This is a
source of the time inconsistency problem.

What is the resulting monetary policy stance in a given state? Is it expansionary or con-
tractionary policy in nontradable sector? This depends, first, on the combined impacts of
the three action—one for targeting underinsurance and two for targeting overborrowing—
explained above, that is, (),57,_ 1R —BAss—1R: + 7L6,) The sign of this expression reveals
whether the policymaker wants to increase or decrease the private marginal utility of trad-
ables, Ur;. Second, whether this translates into creating a recession or a boom in the
nontradables depends on the substitutability between tradables and nontradables, that is,

on the sign of Ury ;.

Remark 4 Having additional prudential instruments help insulate the domestic economy

from external shocks.

The results also speak to the recent global financial cycle (GFC) literature that studies
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whether and how countries insulate themselves from the GFC (see, e.g., Rey 2015). The
external shocks in this setup are the ones to the pricing kernel of international investors
and, thus, to asset payoffs. If the economy is in a financial crisis, then any change in the
debt repayment cost affects the domestic consumption of tradable goods and the exchange
rates. Through these, asset price changes have a direct impact on the tightness of the
collateral constraint, inflation, and labor wedge. Also, without distinct capital controls,
external shocks translate into changes in inflation and labor wedge, even in normal times.
Shocks to the cost of borrowing changes the monetary policy stance, as can be seen from
(1.16). With a full set of instruments, on the other hand, monetary policy does not face a
trade off between macroeconomic stabilization and financial stabilization, and any external
shock can be absorbed through exchange rate movements which then lead to an adjustment
of the relative price of tradables. In this case, the external shock does not have an impact

on inflation and the labor wedge. In this sense, monetary policy is inward looking.

Remark S The resulting allocation is (constrained) efficient only if distinct capital con-

trols are in place and the last crisis has occurred a sufficiently long time ago.

Because the policymaker cannot undo the frictions that stem from the existence of the
borrowing constraint, the first-best allocations are unattainable in this setup. A closely rel-
evant welfare metric used by the literature is constrained efficiency. Constrained efficient
allocations are obtained by the policymaker who faces the same financial constraints as
private agents but fully internalizes the impacts of their financial decisions on the equi-
librium. Without a proper set of instruments that can fully target households’ portfolio

size and weights, the pecuniary externalities cannot be eliminated. Only with a full set
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of instruments and after a long period of tranquil times'?, the constrained efficient alloca-
tions in which external liabilities do not feature overborrowing and underinsurance can be
achieved. This means monetary policy cannot substitute for prudential policies, and these

relevant additional prudential policies are welfare improving.

1.3.4 Optimal Policies under Discretion

What are the features of optimal time consistent policies in this environment? To answer
this question, in line with the optimal time consistent policy literature (e.g. Klein et al.
2008), I investigate an equilibrium in which the current planner knows that the future
planners will re-maximize in future periods and that those maximizations also depend on
today’s financial decisions B}, ;. A Markov-perfect equilibrium is a fixed point in these
policy actions. Using this equilibrium concept, the next proposition characterizes the time

consistent monetary policy, depending on the nature of macroprudential tools.

Proposition 2 Optimal time consistent monetary policy has the following properties

1. without the financial friction (if the borrowing constraint is never binding), it
achieves perfect macroeconomic stabilization by eliminating inflation and closing

labor wedge, i.e., my = 7, = 0.
2. with the financial friction,

(a) both under full instrument and under uniform macroprudential tax

i. in normal times, it can fully stabilize the economy (7; = 7, = 0)

12The long period of tranquil times assumption is necessary to completely eliminate the welfare reducing
price adjustment.
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ii. in a financial crisis, it strikes a balance between macroeconomic stabi-

lization and relaxing the borrowing constraint
iii. it does not play any prudential role
(b) without any other prudential instrument

i. in normal times, it diverges from macroeconomic stabilization to target

level of households’ debt by increasing private marginal cost of borrowing

ii. this macroprudential role exists only if there is a nonzero possibility of a
financial crisis in the future

iii. in a crisis, it aims for increasing capital inflows by relaxing the borrowing

constraint

Proof See Appendix A.2.

In a financial crisis, as in the commitment case, monetary policy under discretion has to
compromise between macroeconomic stability and easier financial conditions (relaxing the
borrowing constraint), regardless of the availability of prudential instruments. In normal
times, the nature of the tradeoffs that the policymaker faces is different under discretion

than under commitment.
Remark 6 Discretionary monetary policy cannot directly target underinsurance.

The last section shows that in normal times, absent a full set of instruments that elim-
inates overborrowing and underinsurance, monetary policy wants to curtail financial in-
efficiencies in addition to macroeconomic stabilization. This tradeoff between financial
stability (if left unaddressed by capital controls) and macroeconomic stabilization also ex-

ists under discretion. However, as the last subsection shows, threatening a more severe
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crisis is an essential tool of monetary policy for ensuring financial stability. As all future
promises are futile under discretion, monetary policy is less potent to tackle the financial
inefficiencies. As a result, monetary policy focuses more on macroeconomic stabilization,
rendering it more inward-looking under discretion than commitment. Note that although
discretionary monetary policy wants to target inefficiencies created by capital inflows if
they are not addressed by the relevant capital controls, compared with the commitment
case, it has fewer options to do so.

Specifically, in the absence of a commitment regarding future actions, monetary policy
alone cannot directly address inefficient portfolio shares. This result is not surprising given
that portfolio choice involves comparing future risk and returns of different assets and that
monetary policy cannot impact them without a promise. One implication of this result
is that discretionary monetary policies under both distinct capital controls and uniform
capital controls face the same tradeoffs, since in both cases the only financial inefficiency
that discretionary monetary policy can target (underinsurance) is already addressed by

capital controls.

Remark 7 Discretionary monetary policy faces less restrictive conditions for stabilizing

inflation than under monetary policy commitment.

In normal times, macroeconomic stabilization is the optimal discretionary policy, except
for the case where there are no capital controls available to the policymaker. Consequently,
for inflation targeting to be an optimal policy, it requires fewer conditions to be met than
under monetary policy commitment. Note that the reasons why inflation stabilization is
the optimal policy are different for the distinct capital control case and the uniform capital

control case. In the former, all the financial inefficiencies are already addressed, so the
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only job left to monetary policy is to ensure macroeconomic stabilization. Under the
uniform capital control tax case, although overborrowing is addressed, the underinsurance
problem is still present, and monetary policy would address it if it had a way to do it (as
in the commitment case). However, discretionary monetary policy lacks tools to address

underinsurance, thus it focuses only on closing the output gap and eliminating inflation.

Remark 8 Compared to single bond only setups, having multiple assets hinders the dis-
cretionary monetary policy’s ability to address financial inefficiencies, as overborrowing

and underinsurance are negatively related.

Importantly, although discretionary monetary policy cannot directly address underin-
surance, it can still target overborrowing when capital controls are not available to the
policymaker. Through expenditure switching between tradable and nontradable sectors,
monetary policy is able to alter the private cost of borrowing Uz, by adjusting Ury ;.
Therefore, the policymaker can reduce overborrowing to some extent, even without addi-
tional prudential instruments. However, as explained before, a lower level of borrowing
reduces the probability of a financial crisis in the future, and thus the cost of underin-
surance becomes lower. As a result, private agents have less incentive to make socially
efficient portfolio choices if they accumulate lower debt, and in effect, undo at least some
of the prudential gains of reducing the financial inefficiencies. This reduces the effective-
ness of prudential actions of monetary policy. Therefore, the benefit of deviating from
macroeconomic stabilization to reduce financial inefficiencies is lower than it would be
if reducing overborrowing does not lead agents to increase the riskiness of their portfo-

lio. As the marginal benefit is lower in this case, monetary policy gives more weight to
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macroeconomic stabilization. Indeed, in the quantitative analysis below, I show that dis-
cretionary monetary policy is more effective in prudential roles under a single bond setup
than multiple security setup.

The result that time consistent monetary policy cannot directly address underinsurance
together with the fact that overborrowing and underinsurance are negatively related to each
other highlight the importance of well-crafted prudential tools. Monetary policy under
discretion alone has much less ability to tackle financial inefficiencies. As the quantitative
section shows, these inefficiencies are associated with large welfare losses if they are left

unaddressed.

1.3.5 Summary of Policy Objectives

The previous two sections show that optimal monetary policy targets crucially hinge on
the existence of other prudential instruments and commitment ability. Table 1.1 sum-
marizes these findings. In every different configuration, monetary policy always has the
traditional macroeconomic stabilization objective, namely stabilizing prices and closing
the labor wedge. However, the financial stability role of monetary policy is contingent
upon the state of the economy and the nature of policy tools. First, regardless of addi-
tional prudential instruments, if the economy is in financial crisis, monetary policy also
relaxes the constraint by appreciating the currency. Second, if a financial inefficiency can
be addressed by prudential policies such as capital controls or reserve accumulation, then
monetary policy does not address it. Otherwise, monetary policy addresses both overbor-

rowing and underinsurance under commitment but only the former under discretion.
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Table 1.1: Monetary Policy Actions

Distinct Tax Uniform Tax No Other Instrument
Commitment MS, (RB) MS, (RB), AU MS, (RB), AU, AO
Discretion MS, (RB) MS, (RB) MS, (RB), AO

Note: This table summarizes the monetary policy actions depending on availability of other pru-
dential instruments and commitment mechanism. MS: macroeconomic stabilization; RB: relaxing
borrowing constraint; AU: addressing underinsurance; AO: addressing overborrowing.

1.4 Conclusion

The intricate relationship between cross-border capital flows and emerging market
economies (EMEs) offers both promising opportunities and daunting challenges. This
chapter has delved deep into the role of monetary policy in managing capital flows and the
possible repercussions of deviating from traditional stabilization methods. The primary
findings underscore the inherent complexities in employing monetary policies to mitigate
financial inefficiencies in EMEs. When capital flows are uncontrolled, monetary policy
must often strike a delicate balance, navigating between macroeconomic stabilization and
the prudential measures needed to address overborrowing and underinsurance. However,
the presence of capital controls — particularly those that target both volume and composi-
tion — can considerably shift the paradigm. They not only address financial inefficiencies
more effectively than prudential monetary policies, but they also enable monetary policy
to return its focus to traditional macroeconomic stabilization. Moreover, by buffering the
economy from external financial shocks, they ensure greater domestic stability, validating

arguments that favor a measured approach to capital inflows.
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In essence, while monetary policy in EMEs can play a pivotal role in managing capital
flows, its efficacy is contingent upon the policy environment and the presence of sup-
plemental tools such as capital controls. Relying solely on prudential monetary policies
may not suffice; a more holistic approach, considering both monetary policies and capital

controls, is vital for ensuring the stability and prosperity of EMEs.

40



Chapter 2

A Quantitative Analysis on Monetary
Policy and Composition of Capital

Inflows in Sudden-Stop Economies

2.1 Introduction

In the previous section, I characterize the optimal monetary policy in small open
economies that are subject to sudden stops of capital flows, taking into account various
types of capital flows. The main takeaway from that analysis is that in general, mone-
tary policy leans against the wind, and macroeconomic stabilization is rarely an optimal
policy. In this section, I conduct a quantitative analysis to investigate the implications of
alternative policy regimes for the frequency and severity of financial crisis, their impact on

welfare, and the importance of considering various types of capital inflows in designing
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the policy mix.

For this, I calibrate the model and use a global solution technique' to solve it under
optimal time consistent policies as well as under commitment with strict inflation target-
ing. In the quantitative model, I divide capital flows into debt and equity flows (Meng
and van Wincoop 2020). The literature shows that equity inflows provide more insurance
in a sudden stop for domestic agents (see, e.g., Forbes and Warnock 2012b). From the
international investors’ point of view, equity is riskier, and thus they demand a premium
over debt. So, for the domestic economy, financing current account deficits via debt flows
is cheaper but riskier. Due to the pecuniary externalities, private agents choose to carry an
excessive level of liabilities with an excessive proportion of debt into the future.

The numerical analysis demonstrates the relative ineffectiveness of prudential mone-
tary policy in reducing the frequency and intensity of sudden stops. Of the discretionary
policy regimes I consider, the economy under prudential monetary policy has the highest
crisis probability, followed by the uniform capital control regime. Distinct capital controls
yields the lowest crisis probability. Further, in a crisis, the drop in both total consumption
and nontradables production, as well as current account reversal are the highest under pru-
dential monetary policy, which is followed by uniform and then distinct capital controls
regimes. Notably, the policymaker allows a higher level of capital inflows under distinct
than under uniform capital controls. This is because the inefficiency comes from the am-
plification that occurs only in bad states. To the extent that wealth in bad states is not too

low, having a high level of liabilities in good states does not create inefficiencies per se.

I'Specifically, by including portfolio choice and optimal monetary policy, I extend the endogenous grid
points with the endogenous borrowing limits procedure described in Jeanne and Korinek (2019), which
builds on Carroll (2006).
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This is indeed the case; the frequency and severity of financial crises are lower with dis-
tinct than uniform capital controls. The ineffectiveness of prudential monetary policy for
improving financial stability leads to the lowest welfare compared with distinct or uniform
capital controls.

Given that time consistent monetary policy is ineffective for prudential actions, is there
any benefit in deviating from a strict inflation targeting regime when capital controls are
not available? The inflation targeting regime focuses exclusively on stabilizing prices,
even in a financial crisis. Since this means that monetary policy does not increase bor-
rowing capacity under inflation targeting, crises are more severe than under prudential
monetary policy. However, because private agents know this, they decrease their exposure
by borrowing less in total and issuing proportionally more equity in normal times. The
result is less frequent but more severe crises. Overall, committing to inflation targeting
yields greater welfare than discretionary monetary policy with a prudential component.
This shows the importance of commitment.

One reason for discretionary monetary policy’s relative ineffectiveness in prudential
actions is that when it reduces total liabilities, the frequency and severity of crises also
decrease—and as a result, private agents shift their portfolios toward cheaper but riskier
securities. This weakens the prudential benefits of having less liabilities and reduces the
marginal benefit of having prudential monetary policy. Therefore, monetary policy places
less weight on prudential actions. How important is this channel quantitatively? I create
a synthetic security whose weights are the same as the equilibrium of the economy under
both debt and equity. This ensures that the combined security has the same risk and return

profiles as the portfolio chosen in the original equilibrium, while at the same time it allows
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the volume of flows to change without impacting the composition. As a result, in this
case, discretionary prudential monetary policy reduces total borrowing more than it does
under multiple securities. Consequently, financial crises are less frequent and less severe.
The experiment suggests that models with a single borrowing instrument present in the
literature overstate the effectiveness of prudential monetary policy.

In the remainder of this chapter, first, I introduce the quantitative model, along with its
calibration and solution method. Then I present the results from this quantitative analysis.

The last subsection concludes.

2.2 Quantitative Model

In this section, I show that the financial inefficiencies of overborrowing and underinsur-
ance have quantitatively important impacts on severity and frequency of sudden stops, and

hence on welfare. I also evaluate the welfare implications of alternative policy designs.

2.2.1 Preferences, Financial Markets and Policy Instruments
The household utility function in (1.1) takes the following form

B Ctlf()' Lt1+(pL
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Consumption good is a composite of nontradable CV and tradable C! consumption and

given by

_n_
G(eY.eh = |ah ()T +-at @) |
where 1) > 1 is the intratemporal elasticity of substitution.

In the previous sections, I considered the full set of Arrow securities in the financial
markets. Using these securities, one can create various forms of composite assets that are
differentiated based on their risk and return profiles. In practice, a useful classification of
capital flows distinguishes between equity flows and debt flows (Meng and van Wincoop
2020). Moreover, literature has documented that debt flows are usually cyclical and riskier
for sudden stop prone economies, while equity flows are more benign (Korinek 2018,
Forbes and Warnock 2012a, Razin et al. 1998). Based on this, in the quantitative model, |
assume that there are two types of capital flows, debt and equity, with equity being safer
for domestic agents. On the flip side, equity is riskier for international investors, so they
require an equity premium to compensate for the risk.

Then, period budget constraint in local currency becomes
NCY+ PICT +6 (Bl +4f 1Bl ) <WiLi+PIY] +6 (BIR + BIRY) +TL+T,,

where B? and B¢ are bond and equity holdings of households, ¢° < 1 is the price of equity.
This price, and returns R* and R° are assumed to be set by the international investor’s
pricing kernel and are expressed in terms of tradable goods. As in the general model, these

prices and returns expressed in tradable goods units are exogenous to the policymaker. I
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will assume that g¢ and R* are constant over time while Ry is stochastic in what follows.

The borrowing constraint takes the following form
—&i (Bfi+1 +quf+1> <k (R +R").

The rest of the model has the same structure as before. Appendix D provides private

agents’ optimality conditions and the government’s problems.

2.2.2 Calibration

I calibrate the model to Argentina. Table 2.1 summarizes the parameter values and cor-
responding sources or targets. There are two categories of parameters. The first set of
parameters are those whose values are fairly standard in the literature (Christiano et al.
2005, Mendoza 2005, Bianchi 2011, Devereux et al. 2019). These include international
interest rate R* = 1.04, risk aversion ¢ = 2, iverse Frish elasticity ¢ = 1, weight on
tradables a = 0.38, elasticity of substitution v = 0.83, monopoly power € = 10.

The second type of parameters is the ones used to match the moment of historical
Argentine data: = 0.91 to have an average net foreign asset to GDP ratio of —29%;
0 = 0.98 to have an equity to total liabilities ratio of 48% (Lane and Milesi-Ferretti 2017);
kK = 0.304 to have a frequency of sudden stop of 5.5%. The price adjustment parameter ¢
is chosen to have a three quarter of price stickiness (Faia and Monacelli 2008). I normalize
mean labor and total factor productivity to one by choosing labor disutility coefficient
x=0.65and A =1.

The stochastic processes for endowment and equity returns are jointly assumed to have
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Table 2.1: Parameter values

Parameter  Description Value  Source or Target
B Subjective discount factor 0.91 Average NFA-GDP ratio = —29%
R* International interest rate 1.04 Bianchi (2011)
q° Price of equity 0.98 Equity to total liabilities = 48%
o Risk aversion 2 Standard value
oL Inverse Frisch elasticity 1 Standard value
a Weight on tradables 0.38 Benigno et al. (2013)
n Elasticity of substitution 0.83 Mendoza (2005)
£ Monopoly power 10 11% net markup
(0} Adjustment cost parameter 65 Three quarter of price stickiness
K Collateral coefficient 0.30 Frequency of crisis = 5.5 %
X Labor disutility coefficient  0.65 Mean labor = 1
A TFP in non-tradable sector 1 Normalization

a bivariate first-order autoregressive process in log forms:

In (YZT) In (YZT_I) gl
R¢ = Ps T + R
—_r —
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For the tradable income data, I use the sectoral outputs from manufacturing, agriculture
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and total natural sources provided by the World Development Indicators (Bianchi 2011).
I calculate the return on equity using the data on the Argentina Stock Market (MERVAL)
index (Korinek 2018), then based on Tauchen and Hussey (1991), I discretize this continu-
ous process for the tradable endowment and equity returns. In what follows, following the
literature, sudden stops are defined as an event in which the borrowing constraint becomes

binding and current account reversal is more than one standard deviation.

2.2.3 Solution Method

In order to solve the model, I use a version of the endogenous grid points method pro-
posed by Carroll (2006). I extend the method to the case where the borrowing constraint

is endogenous’

, monetary policy is set optimally, and there is an endogenous portfolio
choice. The method uses backwards time iteration on the relevant optimality conditions.
To simplify the multidimensional nature of the problem, I follow Carroll (2011) and first
solve the optimal portfolio weights using the next period’s optimal choices (policy func-
tions), then with them, reconstruct the relevant policy functions. Again, treating these new
policy functions as the next period’s optimal choices, I solve for the rest of today’s choice
variables and the endogenous state variable of total debt repayment. In the next step, |

follow the same procedure by treating the policy functions as the optimum future choices.

I repeat these steps until the policy functions in the consecutive periods converge.

ZFor a similar approach, see Jeanne and Korinek (2019).
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2.3 Quantitative Analysis

This section presents the results from the quantitative analysis. First, I show the ineffec-
tiveness of prudential discretionary monetary policy in reducing the likelihood and severity
of financial crises. Then, I compare prudential discretionary monetary policy with the in-
flation targeting regime. Finally, I investigate the impacts of the capital inflows structure

on the effectiveness of prudential monetary policy,

2.3.1 Ineffectiviness of Prudential Monetary Policy

Policy Functions

For a given negative one standard deviation shocks, Figure 2.1 depicts the policy functions
that maps the external wealth at the beginning of the period® (B,R;) to endogenous vari-
ables, tradable consumption, total savings, equity share in total financing and inflation. In
the graphs, the three lines correspond to different policy mixes based on the availability of
capital controls. The solid blue line denotes the policy mix with distinct capital controls
that can be distinguished for equity and debt flows. The dashed red line corresponds to
the uniform capital controls case in which capital controls are the same for both types of
flows; and the dashed-dotted line represents no capital controls. In each regime, monetary
policy is assumed to be under discretion. Time consistent monetary policy is prudential
only in the absence of capital controls. In the other two cases, monetary policy focuses on

macroeconomic stabilization in normal times.

3With a slight abuse of notation, I will refer B,R; as the total debt repayment, including both debt and
equity outflows.
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Figure 2.1: Policy Functions
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As is standard in sudden stop models, the decision rules are nonlinear. Further, the
total saving and equity share policy mappings have kinks at the points where the borrow-
ing constraint becomes binding. In the unconstrained region, total saving is increasing (or
total financing from abroad is decreasing) in the total external wealth. Due to the existence
of externalities, private agents tend to overborrow”* without capital controls. Indeed, econ-
omy under no capital controls borrows the most. Remarkably, when the distinct taxes are
available, the policymaker allows more borrowing than the uniform tax. This is because,
the policymaker does not want to increase the next period wealth per se but to shift the
wealth from bad states to good states and to change the composition of new financing.
When this shift is possible, there is no need to reduce the total borrowing as much as in
the uniform tax case. On the other hand, in the uniform tax case, the policymaker restricts
the total borrowing sharply, since this is the only option to address financial inefficiencies.
Tradable consumption follows the patterns of the total financing.

Equity shares are very small at first, then they increase with the total debt repayment in
the unconstrained region. When there is no risk of a binding borrowing constraint in next
period, the benefit of issuing equity is relatively low, so private agents prefer the cheaper
option, issuing debt. As the risk of a binding borrowing constraint becomes positive,
agents under all regimes issue more equity. As the solid blue line demonstrates, under
the distinct capital controls case, the equity issuance is the largest. Although a higher
equity share in liabilities provides more insurance by leading to higher wealth in bad states,
private agents do not fully take advantage of it, thus underinsure. By imposing higher

capital controls tax on bond issuance, the policymaker is able to induce agents to have

“Here overborrowing refers to carrying too little wealth to the next period by raising too much financing
(both equity and debt) from abroad in the current period.
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a higher equity share. Further, the economy under no capital controls case has a larger
proportion in equity than the one under uniform controls. As agents borrow more, they
also want to use less risky instrument to contain overall riskiness of their total liabilities in
the next period, By 1R+ 1.

Discretionary monetary policy focuses on macroeconomic stabilization if uniform or
distinct capital control taxes are available in the unconstrained region. When the distinct
taxes are available, all the financial inefficiencies are corrected by the capital controls,
and monetary policy eliminates the costly price adjustments by stabilizing prices. If only
uniform taxes are available, although overborrowing is addressed by the capital controls,
underinsurance is not. However, discretionary monetary policy cannot address underin-
surance because this requires a credible future promise. As a result, discretionary mone-
tary policy again focuses on macroeconomic stabilization and does not play a prudential
role—however, for different reasons than under distinct capital taxes. There is no need for
monetary policy to be prudential in the distinct tax case, whereas there is a room to be pru-
dential, but it discretionary monetary policy does not have tools for it, namely a credible
threat.

If there is no additional prudential instruments, monetary policy deviates from price
stabilisation to be prudential, and thus, there is a spike in the corresponding inflation
decision rule in the unconstrained region. Monetary policy creates a boom in the non-
tradable sector, which then reduces the private value of tradable goods consumption (or
increases cost of borrowing); and through this channel contains overborrowing to some
extent. Because this entails welfare cost because of nonzero inflation and labor wedge, the

policymaker does not fully eliminate overborrowing. Further, reducing total borrowing
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induces agents to have more risk since low level of total liabilities reduces the probability
and severity of financial crises. Thus, in addition to inflation and the labor wedge, contain-
ing borrowing has another cost. As a result, capital controls are more effective and less
welfare-costly than prudential monetary policy.

In the constrained region, consistent with the Fisherian debt deflation mechanism, as
the total wealth decreases, consumption also decreases, and the real exchange rate appre-
ciates, which then further tightens the borrowing constraint and reduces capital inflows
(increases total savings). Because this mechanism works through a binding borrowing
constraint, we observe a "v-shape" decision rule in total savings (or borrowing). As in
the unconstrained region, equity shares follow borrowing patterns; as total borrowing de-
creases, so do equity shares of all policy regimes. When the borrowing constraint is bind-
ing, monetary policy faces a tradeoff: stabilizing prices and closing the output gap requires
an expansionary monetary policy; however, relaxing the borrowing constraint requires a
contractionary monetary policy to appreciate the currency and relax the constraint. The
result is having deflation and a positive labor wedge (underproduction of nontradables).
This trade-off is the most severe under a prudential monetary policy regime and the least
severe under distinct capital controls. This translates into the highest drop in nontradable
production and also in price under prudential monetary policy and the lowest in the distinct

tax.

Crisis Dynamics

This section simulates the model and conducts an event window analysis to describe the

sudden stop dynamics under different monetary and capital control mixes. A sudden stop
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is defined as a crisis in which borrowing constraint is binding and the current account is
one standard deviation above its ergodic distribution. The model is simulated for 500,000
periods, using the same initial shocks and states for tradable endowment and equity re-
turns for all different regimes. Then, based on the sudden stop definition, I identify crisis
episodes and take the averages of the relevant variables around sudden stops. Figure 2.2
presents the results. The x-axes in the figure represent the timing such that time O denotes
crisis periods and minus and plus numbers represent periods before and after the crisis. As
before, the solid blue line, the dashed red line, and the dashed-dotted black line represent
distinct capital controls, uniform capital controls, and prudential monetary policy regimes;
and in all these regimes, monetary policy is optimally set under discretion.

The first observation from the figure is that sudden stops episodes are painful for the
economy. In a sudden stop, current account largely reverses; consumption, production,
inflation, real exchange rate sharply fall; labor wedge becomes positive, which represents
underproduction of nontradable goods, i.e., recession. These results are consistent with
the empirical sudden stop patterns of the corresponding variables in the data, for example,
presented by Korinek et al. (2014) and Bianchi and Mendoza (2020).

Importantly, prudential monetary policy is inferior to capital controls in mitigating the
severity of financial crises. In every panel of Figure 2.2, the economy in which mone-
tary policy (rather than capital controls) plays a prudential role (dashed-dotted black line)
suffers the most. Although monetary policy engineers the highest recession in the nontrad-
able sector and the steepest drop in price level to ease the borrowing constraint, both the
current account reversal and the consumption drops are still the highest in this case. This

is because discretionary monetary policy is ineffective in playing a prudential role and
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Figure 2.2: Event Window Analysis
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Notes: This graph shows the averages of variables around the sudden stop events. In the x-axes, 0
denotes the timing of sudden stops, while minus and plus numbers show the before and after crises.
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resolving financial inefficiencies. As a result, agents enter into sudden stops with lower
wealth and with a higher share of debt.

The figure also shows that the composition of liabilities is an important driver of the
severity of financial crises, as the comparison of the solid blue line to the others reveals.
Since the equity dividend payments decrease in a crisis, the value of existing liabilities also
decreases in a sudden stop. Therefore, a higher share of equity in total liabilities makes
financial crises less acute. Notably, even though total borrowing is greater in the distinct
capital controls case than the uniform tax case, the crisis is less severe under the former.
This indicates that for the strength of a financial crisis, not the level of total liabilities per

se, but the composition of them matters.

Prudential Monetary Policy under Discretion vs Inflation Targeting

Given that discretionary prudential monetary policy is not effective in addressing the fi-
nancial inefficiencies of overborrowing and underinsurance, is there a benefit to deviating
from the inflation targeting regime in the absence of additional prudential instruments?
Next, I will investigate this question.

Figure 2.3 displays the ratios of policy functions in the discretionary prudential regime
to those in the inflation targeting regime in the absence of capital controls. The only avail-
able option for monetary policy under discretion to address financial inefficiencies is to
reduce the total financing of private agents from abroad. However, compared to infla-
tion targeting regime (without prudential action), the total borrowing (sum of debt and
equity issuance) is still higher under discretionary monetary policy (with prudential ac-

tion). Under commitment, monetary policy is exclusively focuses on stabilizing inflation,
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Figure 2.3: Policy Function Ratios of Prudential Monetary Policy to Inflation Targeting
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Figure 2.4: Event Window Analysis: Prudential Monetary Policy vs Inflation Targeting
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even during a financial crisis, which makes sudden stops more acute. Thus, agents reduce
their exposure by not only lowering their borrowing levels but also by increasing equity
shares in total borrowing in the unconstrained region when there is a positive probability
of a binding constraint in the future. Higher borrowing levels translate into higher con-
sumption and a lower relative price of tradables under discretionary prudential monetary
policy.

Although total debt repayment is higher under discretionary prudential monetary pol-
icy than under commitment, crisis episodes are less severe under the former than the latter,
as shown in Figure 2.4. This is because, under discretion, monetary policy can forgo
price stability in order to increase the borrowing capacity of the economy by appreciat-
ing the currency in a crisis. However, the inflation targeting regime exclusively focuses
on macroeconomic stabilization, regardless of the state of the economy. Importantly, as
domestic agents anticipate this ex-post intervention, they take on too much risk under the
prudential discretionary policy regime. This effect is stronger than the ex-ante prudential

actions taken by monetary policy to induce agents to have less exposure.

Comparing Simulation Results for Different Regimes

The first panel of Table 2.2 summarizes the severity and frequency of sudden stops under
the four different policy mixes considered so far. The first three columns show the results
for discretionary monetary policy with distinct capital controls, uniform capital controls,
and no capital controls; and the last column shows the outcomes for commitment to infla-
tion targeting without capital controls.

In terms of the incidence of sudden stops, prudential monetary policy under discretion
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Table 2.2: Simulation Results

Optimal Discretionary Monetary Policy Inflation Targeting

No Capital
Control Tax

Distinct Capital Uniform Capital No Capital
Control Tax Control Tax Control Tax

1. Crisis Dynamics

2. Long-run Moments

Avg(Liability/GDP)
Avg(Equity Share)

Std(CA/GDP)
Std(RER)

35.09
0.46
1.03
5.26

33.71
0.22
1.82
5.31

38.18
0.26
2.97
6.97

Probability of crises 1.3 2.7 6.6 54
Change in
Consumption(%) -7.42 -8.81 -12.65 -14.52
CA/GDP 2.07 3.80 5.04 6.83
RER(%) -14.50 -16.23 -22.86 -30.88
Labor wedge 0.09 0.12 0.19 0
GDP(%) -13.54 -14.32 -20.11 -21.94

36.67
0.29
3.28
7.04

Note: This table shows the simulation results for various policy regimes. CA and RER denote
current account and real exchange rate; while Std and Avg denote standard deviation and average.



is the worst in the reducing frequency of financial crisis. Under discretion, having a uni-
form capital controls decreases the probability of crisis from 6.6% to 2.7% and having a
distinct tax further reduces it to 1.3% in the ergodic distribution. Interestingly, even com-
mitting to a simple inflation targeting rule is better at reducing the probability of financial
crisis. This is because, since private agents expect a more severe crisis under inflation
targeting —as monetary policy focuses exclusively on price stabilization and thus does not
ease the financial conditions— they insure themselves by accumulating total liability with
more equity share.

Comparing in terms of the intensity of crises, no capital controls case is still the worst
among the policy regimes under discretion. This shows prudential monetary policy, com-
pared to capital controls, is not only ineffective at reducing the likelihood of a crisis but
also the the severity of it. However, without capital controls, the economy under discre-
tionary monetary policy has a milder crisis than the one under inflation targeting. Another
observation is that having distinct capital controls that regulate both the level and compo-
sition of capital inflows reduces both the frequency and severity of financial crises.

The second panel of Table 2.2 presents the long-run moments resulting from the sim-
ulation. Private agents borrow more with a higher share of risky instruments under dis-
cretionary prudential monetary policy as opposed to under discretionary monetary policy
with distinct capital controls or compared to the inflation targeting regime. This is another
evidence of ineffectiveness of prudential monetary policy compared to both the policy
regimes with capital controls and to the inflation targeting regime. Capital controls also

reduce the long-run volatility of the economy, as evident in the last two rows.
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2.3.2 Welfare Implications

Figure 2.5 illustrates the state contingent welfare gains in terms of permanent consumption
from discretionary prudential monetary policy (with no capital controls), discretionary
monetary policy with uniform capital controls, and discretionary monetary policy with
distinct capital controls relative to the inflation targeting regime without capital controls,
conditional on a negative one standard deviation shock.

The figure shows that the ineffectiveness of discretionary prudential monetary policy
manifests itself in welfare gains. Due to the existence of externalities, private agents tend
to have too little wealth and issue too much debt in proportion. Capital controls are better
tools than prudential monetary policy under discretion to address these financial ineffi-
ciencies. In both constrained and unconstrained regions, discretionary prudential mone-
tary policy yields the lowest welfare compared to discretionary monetary policy regimes
with capital controls. Also, there are significant welfare gains in having distinct capital
controls that induce agents to borrow less in total with a smaller proportion of the riskier
instrument, i.e., debt. Having more insurance and more wealth make sudden stops less
frequent and less severe, hence the welfare gains. In the ergodic distribution, discretionary
policies with distinct tax and uniform tax yield 0.36% and 0.24% higher welfare (in terms
of permanent consumption) compared to the inflation targeting regime.

Importantly, if capital controls are not available, commitment to inflation targeting
yields lower welfare than under discretion in the constrained region, since sudden stops
are more severe under the latter. However, in the unconstrained region, strict inflation

targeting is a better policy than discretionary prudential monetary policy. In the ergodic
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Figure 2.5: Welfare Gains Relative to the Inflation Targeting Regime
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Note: This figure shows the state contingent welfare gains in terms of permanent consumption
from discretionary prudential monetary policy (with no capital controls), discretionary monetary
policies with uniform capital controls and with distinct capital controls relative to the inflation
targeting regime without capital controls, conditional on a negative one standard deviation shock.

63



distribution, the inflation targeting regime yields 0.04% higher overall welfare in terms of

permanent consumption.

2.3.3 Prudential Monetary Policy under Heterogenous Capital Flows

vs Uniform Flows

How does having multiple securities for external financing affect the potency of prudential
monetary policy compared to single bond setups? To make this comparison fair, I create a
synthetic instrument that is composed of the same bond and equity as before. I take their
shares from the equilibrium of the discretionary monetary policy without capital controls
case. As previously shown, the lower volume of total borrowing increases the share of
the risky instrument, holding everything else constant. This decreases the marginal benefit
of reducing total borrowing by having prudential monetary policy. For given marginal
cost of deviating from perfect macroeconomic stabilization, this reduces the motivation of
the policymaker for financial stabilization. This means that, if the liability shares were to
remain constant, we would expect the policymaker to have a more prudential monetary
policy, at the expense of macroeconomic stabilization in normal times. As the synthetic
instrument allows for changing the volume without impacting the composition, it enables
us to test this idea.

The result is given in Figure 2.6. The figure depicts the ratios of policy functions from
the synthetic single security setup to those of multiple borrowing instruments, under the
assumption of discretionary monetary policy without capital controls. In the single bond
case, monetary policy reduces total borrowing more, especially in the regions where the

probability of a financial crisis in the next period is higher. This requires more deviation
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Figure 2.6: Policy Function Ratios of Prudential Monetary Policy under Single Asset to Multiple

Assets
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from price stability, thus higher inflation in normal times. Moreover, the lower level of
overall external liabilities reduces the need for appreciation of the local currency to relax
the constraint in a crisis and therefore, less drop in the nontradable goods prices.

Having a smaller amount of borrowing translates into fewer and less severe sudden
stops. Compared to the multiple bond setup, the single bond setup has a lower risk of
financial crises (6.6% vs. 5.7%) and less painful sudden stops (12.65% vs 9.83% con-
sumption drop). Therefore, this exercise shows that bond-only analyses have a tendency
to overestimate the effectiveness of prudential monetary policy. Under multiple security
setup, monetary policy is more ineffective in addressing financial inefficiencies associated

with capital inflows.

2.4 Conclusion

This chapter describes optimal prudential monetary policy in EMEs that face volatile and
different forms of capital flows quantitatively. Except for two cases—when there are dis-
tinct capital controls or when monetary policy is discretionary and capital controls are
uniform for all types of capital inflows—optimal monetary policy always has a prudential
element. However, this prudential monetary policy is highly ineffective for reducing the
frequency and severity of financial crises, especially without commitment power. Notably,
when the total volume of capital flows is restricted without manipulating the composi-
tion, private agents realize that the severity and frequency of financial crises decrease,
and therefore choose an even higher proportion of riskier financing instruments. In this

sense, they undo some of the benefits of a prudential policy. Combining this with the fact
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that without a credible threat, monetary policy cannot alter the composition of private lia-
bilities, implies that monetary policy (especially under discretion) alone is ineffective for
improving financial stability. Committing to a simple objective of inflation targeting yields
a higher level of welfare compared with discretionary monetary policy with a prudential
component. These results suggest that the primary tool for managing financial inefficien-
cies created by capital inflows should be prudential instruments, such as capital controls.
Importantly, these tools should be employed not only to reduce the total level but also to

alter the composition of capital flows.
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Chapter 3

Natural Hedge, Real Debt Exposure and
International Monetary Policy

Transmission

3.1 Introduction

The influence of U.S. monetary policy on global economic dynamics is a critical concern
for both scholars and policymakers. Despite its pivotal role, a comprehensive understand-
ing of the transmission channels and factors driving these effects remains somewhat in-
complete. This chapter attempts to shed light on these dynamics by examining the role
of real debt revaluation, resulting from the differential influence of the dollar on the value
of external debt and price of imports, on the transmission of US monetary policy to the

domestic economies.
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To achieve this, this chapter begins by constructing a model in which I describe the
real debt revaluation channel and show that it is a crucial determinant of international US
monetary policy transmission. It then employs high-frequency data to provide empirical
evidence that countries with greater “exposed debt”, a term indicating the sensitivity of
real debt revaluation to the dollar, are more responsive to US monetary policy shocks.

The model focuses on a small open economy (SOE) with a tradable and nontradable
sectors in a New Keynesian setup. SOE trades both goods and financial instruments with
the rest of the world using dollars and euros'. It also features international financiers with
limited risk-bearing capacity a la Gabaix and Maggiori (2015). Financiers intermediate
between SOE and international financial markets. This friction creates the first channel
for international transmission of US monetary policy. Holding everything else constant,
an increase in the US interest rate increases funding cost of financiers, whereby decreasing
their demand for SOE’s bonds, and raising the borrowing costs for the households.

The second channel, which concerns real debt revaluation, is the main contribution
of this study. Here, a contractionary US monetary policy change appreciates the dollar
against the euro”. If the dollar’s proportion is greater than its share in import invoicing,
then this dollar appreciation effectively increases value of external debt in terms of im-
ports. Consequently, the amount of debt, when expressed in terms of tradable goods that
the country must repay, increases, impacting the price of tradable goods relative to non-
tradables in SOE.This leads to a depreciation in the local currency, an increased policy

rate, and a heightened currency premium for the country. The effects are stronger for

'Bénétrix et al. (2020) and Boz et al. (2020) show that only a handful of currencies are used in interna-
tional markets.

%It has been well documented in the literature that a contractionary US monetary policy appreciates the
dollar. See, e.g. Eichenbaum and Evans (1995).
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countries with greater “exposed debt” which can be defined as the portion of external debt
that is vulnerable to fluctuations in dollar’s value and determined by the differential pass
through to external debt and imports.

Importantly, the extent of the differential pass through rates to external debt and im-
ports, hence exposed debt, hinges on the comparative weight of the dollar in external debt
versus trade. When both external debt and trade are denominated in the same currency,
a perfect “natural hedge” is attained, rendering the real value of debt (expressed in terms
of tradable goods) independent from fluctuations in the dollar’s value. However, when the
difference between the dollar’s weight in external debt and trade widens, the exposed debt
also increases correspondingly. Consider the other extreme. If all external debt is denomi-
nated in dollars while all the trade is conducted in euros, then a dollar appreciation against
the euro raises the real value of debt one-to-one.

To test the model’s predictions regarding the role of exposed debt in transmitting US
monetary policy shocks, I conduct an empirical investigation. Employing the identified US
monetary policy shocks from Nakamura and Steinsson (2018), I find that countries with
more exposed debt are more sensitive to the US monetary policy shocks. Specifically,
they experience larger depreciations of their local currencies, higher increases in their cur-
rency premia, and larger increases in their domestic policy rates following an unexpected
contractionary US monetary policy shock.

Using high frequency measures of US monetary policy shocks, rather than policy rate
changes, addresses endogenity issues stemming from the fact that monetary policy reacts
to economic news. These shocks are identified by using changes in short-term interest

rate instruments in tight windows around policy announcements. The response variables
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of change in exchange rates and currency premia are measured within the 1-day window
bracketing the Federal Open Market Committee (FOMC) meetings to mitigate the risk that
they respond to some other news. Domestic policy rates, on the other hand, are in monthly
frequency as they are slow moving compared to the other two.

Empirical analyses show that when faced with a 10 bp unexpected contractionary US
monetary policy shock, a country with 5% debt exposure (because of having a 50% ex-
ternal debt to GDP ratio and 10% more dollar share in debt than in imports, for example)
experiences 5% depreciation in its currency against the dollar and 7.5% increase in its cur-
rency premium measured as before and after an FOMC meeting. Similarly, for a 100 bp
unexpected contraction in US monetary policy, a country with 5% debt exposure experi-
ences 10 bp increase in its policy rate. These results are stable and robust after controlling
for possibly relevant variables including changes in real output and inflation, country size,
trade openness, external debt and the volatility index, VIX, as well as other trade and debt
related measures.

The theoretical analyses, along with empirical validations, highlight two key points.
First, the level of external debt is crucial. Second, the currency composition of this debt,
especially when compared to the currency composition of trade, significantly impacts in-
ternational monetary policy transmission. Therefore, limiting exposed debt requires not
only to limit the total level but to adjust the currency composition of debt in accord with
currencies that a country trades with.

This chapter’s primary contribution is in identifying a crucial channel for the trans-
mission of US monetary policy. There is an extensive literature on the spillover channels

from the US monetary policy to the rest of the world. To name a few, Zhang (2018) doc-
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uments that countries with higher share of dollar in imports exports experience stronger
responses in exchange rates, interest rates, and equity returns to changes in US monetary
policy. Wiriadinata (2021) shows that the local currency of countries with higher dollar
denominated external debt depreciate against dollar more in an event of a contractionary
US monetary policy. Among others, Hoek et al. (2022) and Ahmed et al. (2021) show that
the extent of spillovers from US monetary policy depend on the source of the shock and
the domestic conditions such as foreign currency-denominated debt. Georgiadis (2016)
highlights that the magnitude of spillovers determined by domestic country characteris-
tics, such as financial and trade openness, the exchange rate regime, industry and labor
market structure, and financial market development. This paper adds to this literature by
identifying a new mechanism, exposed debt, for international US monetary policy trans-
mission.

This research adds to the literature on cross sectional variation in currency premia
(e.g., Hassan (2013), Richmond (2019), Della Corte et al. (2021), Lustig and Verdelhan
(2007)). Similarly, Della Corte et al. (2016) argues external debt while Wiriadinata (2021)
argues that dollar denominated debt is important determinant for explaining currency pre-
mia across countries. This paper contributes to the existing literature by introducing a
distinct channel that impacts currency premium and empirically validating its implica-
tions.

An important finding of this research is that having flexible exchange rate regime is not
sufficient to insulate an economy from the US monetary policy shocks. This result speaks
to trilemma vs dilemma discussions in the literature (Rey (2015), Miranda-Agrippino and

Rey (2020), Kalemli-Ozcan (2019), Obstfeld et al. (2005), Obstfeld et al. (2019), among
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others). My contribution here is laying out a specific mechanism that turns trilemma into
dilemma.

Finally, this research is related to the literature on dominant currencies in the interna-
tional monetary system (see, e.g., Gopinath et al. (2020), Maggiori et al. (2019), Chahrour
et al. (2017)).

3.2 A Model of International Monetary Policy Transmis-
sion

In this section, I present a model that shows the role of the dollar’s share in trade and
external debt in transmitting U.S. monetary policy to a small open economy (SOE). The
model features two sectors: tradable and nontradable. The nontradable sector features
sticky prices, allowing us to explore the optimal monetary policy response to U.S. mone-
tary policy changes. Another important friction is that international financiers have limited
risk-bearing capacity a la Gabaix and Maggiori (2015). The optimal monetary policy re-
sponse in the SOE is determined by the level and currency composition of accumulated
external debt as well as the currency composition of imports.

The model introduces two channels through which U.S. monetary policy influences
the SOE’s policy rate, exchange rate, and excess return on its currency. The first channel
operates through capital flows: when the U.S. raises interest rates, demand for the SOE’s
bonds diminishes, leading to capital outflows from the SOE. The second channel, the debt
revaluation channel, operates through changes in the dollar’s value, affecting the local

currency value of the SOE’s dollar-denominated external debt, and potentially altering the
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real value of the debt. The impact of this second channel crucially hinges on the dollar’s
share in external debt and its share in tradable goods in the economy. Given a specific
dollar appreciation and external debt level, a higher share of imports implies a stronger
pass-through to import prices, thereby reducing the real value of debt in terms of imported
goods.

When the U.S. interest rate increases, the SOE’s monetary policy responds by raising
the interest rate to counterbalance the capital outflows. The concurrent rise in both do-
mestic and U.S. interest rates leads to lower demand for non-tradable goods, requiring a
decline in the relative price of non-tradables. Because nontradable goods have staggered
prices, the price of tradable goods increases. This is equivalent to an exchange rate depre-
ciation. Consequently, the interest rate in the SOE increases, the exchange rate depreciates,

and the currency premium rises.

3.2.1 Environment

This analysis focuses on a small open economy that accepts international prices as given,
referred as the “Home” economy. Time is considered discrete and indexed by r = 1,2,3...
There are two international currencies, the dollar and the euro, used in the international
markets.

Households. In the SOE, a representative household maximizes its utility over the
consumption of tradable and nontradable goods, as well as labor. The utility function is

represented as:
E, Y B 'u(c!,cl L) (3.1)
=1
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where
u(c!,cl',L) = ologC/ +(1—)logC' — L, (3.2)

The composite of tradable goods is given by dollar and euro denominated goods:

6 1-6
r_(C) (C
C, = (F) (7) . (3.3)

Note that dollar-goods and euro-goods can only be traded with their respective currencies.

As a result, the price index for C! is defined as:
] 1-6
BT = (508) (&°P%) (3:4)

where é"tj is the bilateral exchange rate between Home currency and currency j, and P,j is
the price of the tradable good C,j expressed in currency j. Due to the Cobb-Douglass form,
the dollar’s expenditure share in tradable goods consumption is 8. Home is endowed with
composite traded goods, ¥,”, in each period. This assumption enables us to focus on the
real debt revaluation channel by eliminating the well-understood terms of trade channel.
By focusing on the overall net trade balance, there is no need to track bilateral trades
between Home and other countries.

Households in SOE are subject to the following budget constraints expressed in the

local currency:

PCY + P Cl +Bj(1+i1) <PIY] + WL +Bj +T1, (3.5)
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where PV is price of nontradable goods; W, is wage; I, is the profit received from the
domestic firms, B/ denotes the local currency value of debt inherited from the previous
period with interest rate i;_.

As explained below, households borrow from financial intermediaries in local currency
who finance themselves by borrowing in foreign currencies from the international markets.
Furthermore, small open economy is assumed to have external debt stock at the beginning,
some of which is denominated in dollars, B$, and the rest is in euros, Bl€. Unlike this
existing debt stock, households borrow in domestic currency3.

Households’ optimality conditions are given by

cN = ap,C! (3.6)
U, W
_ L _ M 3.7
Uns PV (3.7
N
Ury = BE; |Urp1(1+ir) =5 (3.3)
L

where Uy is the derivative of U(.) with respect to Cr; ot = (1 — ) /@; and p; is price of
tradable goods relative to nontradables, ie, p, = PI /PV.
Production. Nontradable goods are produced by firms whose only input is labor. The

technology that firms use for production is given by

YN=1L, (3.9)

3This is to simplify the algebra. One can make SOE’s external foreign currency borrowing as nonzero
by allowing household ownership of the financial intermediaries. However, this would not impact the real
debt revaluation mechanism which is the key focus of this paper
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where L, denotes labor at ¢ and A; is labor productivity. Market clearing condition for

nontradables implies:
cN =1, (3.10)

Profits are given by I1; = YtN PtN —WiL;.

Financial Intermediaries. In the financial markets, there is an agency friction a la
Gabaix and Maggiori (2015). Households do not have direct access to international finan-
cial markets; rather, they must borrow from financial intermediaries. Financial intermedi-
aries buy domestic bonds from Home households and sell dollar denominated bonds in the
international markets. Therefore, at time t, they take positions of Bf 41 in domestic bonds
and Bﬁ 1/ @@1$ in dollar bonds. There is an agency friction such that financial intermediaries

can divert I'(B!

) *+1 fraction of funds that they borrow from international financial mar-

kets. I' captures the severity of the friction. Therefore, financial intermediaries’ demand
for domestic bonds is limited by an incentive compatibility condition. Their maximization

problem at time ¢ is given by

E, &%
max By |(14i) = (1+5)—

t

!
s.t. By

E,&3
(PHO—O+$%i§i]2F@LO?
1

where the constraint is the incentive compatibility condition. As the maximand is linear in
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Blz, the constraint always binds, and the demand for domestic bonds are given by

1 _ < E&8
Bl =1 (1+i) — (1+i) téjgl . (3.11)

t

Foreign Economies. The analysis assumes that the aggregate demand in foreign coun-
tries is perfectly elastic at constant prices, with B$ =1and P,€ = 1. Consequently, the net
export of Home varies only in response to changes in domestic demand for tradable goods.
Further, the uncovered interest rate parity condition between the dollar and euro holds.
This means that an increase in the US interest rate is accompanied by a proportional ap-
preciation of the dollar. Consequently, the returns on dollar and euro-denominated bonds
are the same. Based on this, I assume, without loss of generality, that financial interme-
diaries borrow exclusively in dollars. Other than these, there are no restrictions on the
foreign economies and international markets.

Initial External Debt. Home economy starts the first period with initial external debt
whose fraction 7y is denominated in the dollars and 1 — 7y is denominated in the euros.

Competitive Equilibrium. A competitive equilibrium in this economy is given by
allocations {CT,CN,L;, B!, YN}, prices {PN,PT P® PE€ W,}, interest rates {i>,i€ i;}, and
exchange rates {6‘;3;, éaf} such that households and firms optimize subject to their respec-
tive constraints; goods and labor markets clear.

Resource constraint for tradable goods is given by

Bl(1+iy) n B,
pr pr

cr =y - (3.12)

Short Run vs Long Run. I assume that in the first period, price of nontradable goods
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is rigid and given by P{V = 1. From time ¢t = 2 on, the economy reaches the steady state.
Our focus is on the short run adjustments in Home to an unexpected change in the US
interest rate, i? by considering sufficiently high tradable endowment in the long run so that

Home is a net borrower in the first period.

3.2.2 Model Solution

It is important to note that monetary policy can affect the value of local currency in terms
of foreign ones, i.e, bilateral exchange rates simultaneously. A domestic monetary policy
change results in a change in both é"t$ and c5‘;€ at the same time, therefore, a proportional
change in PT. However, monetary policy cannot affect the ratio £,$ / é°;€ which is equal
to the bilateral exchange rate between dollar and euro. From Home economy’s perspec-
tive, this ratio changes exogenously which is a key feature for the model. Nor can Home
monetary policy affect the ratios @’”fﬁ /PT or &€ /PT since both numerator and denominator
change by the same fraction as a result of a domestic monetary policy intervention.

The economy reaches the steady state from the second period onward, where all prices
freely adjust, thus, monetary policy does not affect the real allocations.

Further, there is no uncertainty in this version of the model. I analyze the effects of
a one-time surprise change in US interest rate as a so called MIT shock on the Home
economy.

It is useful to define the labor wedge such that

1 Ur,
T1I=14-—-->
1 +AUNJ

(3.13)
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This labor wedge is proportional to output gap in New Keynesian models. When 7 > 0,
social cost of producing one more unit of good (given by marginal disutility of labor) is less
than social benefit of consuming. This means there is a deviation from potential output,

hence an output gap.
Optimal Monetary Policy

To close the model, we must define monetary policy. This is obtained by solving the

following problem:

max E] t*lU CT,CN7L
{p:,CT,CN LB (1+i1)} t; B (G .G\ L)
st G =apC/, (3.14)
G =t (3.15)
Bl<1+it_1) B!
clh —yl _ 1t 4 H—l, (3.16)
t t PtT PtT

Pl
Ury = BUrsni(1+i) pr—, (3.17)

Pf+1

! . < EES

Bl = |(1+i) = (1+i)—¢= . (3.18)

t

The planner maximizes household utility, subject to the optimality conditions of private
agents and resource constraints. In order to simplify the algebra, I consider the limit § — 1.
Also, without loss of generality, suppose that in the first period we have é"1$ = 51€ =&
which implies PlT = p; = &7; and monetary policy is targeting &% =1 and g;; =1. As

prices freely adjust, these nominal assumptions do not have any real implications for the

80



steady state allocations.

As a result, the following expression defines the optimal monetary policy in the first

period.
T
7 = 252€ : (3.19)
t(1+i1)24+0—2(1 — 0)BCT
~—~ ~
Demand Stabilization Financial Stabilization

Equation (3.19) characterizes the optimal monetary policy in a target form for Home
economy in the first period. It illustrates that monetary policy has to tradeoff between
demand stabilization, or closing the output gap, and financial stabilization, or increasing
the consumption of tradable goods, given the future (steady state) consumption levels.
First, depending on the sign and magnitude of the elasticity of exchange rate to interest
rate, increasing tradable goods consumption, which is given by C = @/[(1+i)p;] in an
equilibrium, requires either interest rate hike or cut. Second, a contractionary monetary
policy reduces the demand for nontradables and increases the output gap and vice versa.
This means that monetary policy trades off between increasing the consumption of tradable
goods and minimizing the output gap, |7;|. The optimal interest rate will balance these two
objectives.

As can be seen in (3.19), one implication of this tradeoff is that, in general, the output
gap is not zero (7; # 0) in this setup, unless either nontradable goods price is flexible
(which makes output gap zero by definition) or there is no agency friction in the financial
sector (I" | 0). In fact, coexistence of these two frictions lead to the tradeoff between macro
stabilization and financial stabilization.

In short, monetary policy can affect the domestic economy through two channels. First,
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any policy change impacts the economy by shifting the demand for nontradable goods.
Second, monetary policy alters the financiers’ demand for domestic bonds through (3.11)
as well as households’ demand for funds. Importantly, these two channels have different
effects on the exchange rates, thus, relative price of tradable goods. Next, I discuss the

relationship between domestic policy rate and exchange rates.
Relationship between Interest Rate and Exchange Rate In the Short Run

By combining the household optimality conditions (3.6), (3.8); demand for domestic
bonds (3.11); resource constraint (3.12); and monetary policy equation (3.19) we obtain
the following two expressions that relate the domestic interest rate and exchange rate in

the first period:

(144)
P1

0
(1+i1)

) 1
= Y1 —Bi(1+io))p1+ =

r (1+i1)—

(3.20)

2((0 + il)A]

P Tot(1+i)?) (3.21)

where B is value of real debt in terms of tradable goods given in the beginning of the first
period; (1 -+ip) is gross interest rate on the existing debt By; and A; denotes the currency
premium given by

Al =

&S

(1+i1)—(1+iﬂf)i] (3.22)

Equation (3.20) defines a familiar relationship between interest rate and exchange rate,
where an increase in policy rate rate appreciates the local currency. The Euler equation and

the resource constraints for tradable goods yield the supply schedule for domestic bond.
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Then imposing bond market clearing condition and equating the supply schedule to bond
demand (3.11) results in Equation (3.20). To gain more intuition on this equation, consider
an increase in the domestic interest rate. Holding the exchange rate constant, this decreases
demand for tradables while financiers’ demand for domestic bonds increases (as return on
domestic bond increases). To restore the equilibrium, p; must decrease (exchange rate
must appreciate), which reduces the domestic bond demand (as their return decreases) and
facilities expenditure switching from nontradables to tradables.

Equation (3.21) reveals another relationship between interest rate and tradable goods
price (i.e. exchange rate). A contractionary monetary policy reduces the demand for non-
tradable goods which puts a downward pressure to their prices. This translates into a higher
price of tradable goods to reduce relative price of nontradables, because nontradable goods
price is sticky. Increase in tradable goods price requires depreciation in exchange rate by
its definition (3.4). This channel implies that contractionary monetary policy depreciates
the exchange rate, that is, increases pj.

As a result, we have two loci relating the interest rate and exchange rate, one with
negative slope given by (3.20) which I call EC, and one with positive slope given by (3.21)
which I call IC. Intersection of IC and EC determines equilibrium levels of exchange rate
and interest rate. Importantly, this means that whether an interest rate hike appreciates
or depreciates the local currency depends on the shock that monetary policy responds
to. A shock that moves IC curve to the right results in an increase in interest rate and
appreciation of the local currency, whereas a shock that shifts EC to the right results in
increase in interest rate but this time depreciation of the local currency. In this model we

consider only an unexpected US monetary policy shock whose effects will be analyzed
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Figure 3.1: Exchange Rate Determination
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next.

3.2.3 US Monetary Policy Transmission to SOE

An unexpected change in the US policy rate impacts Home economy via two channels.
First, it affects the financial intermediaries’ demand for Home bonds, therefore, capital
flows to the Home economy. Holding everything else constant, an interest rate hike in
the US makes Home bonds less attractive for the financial intermediaries, hence reduces

financial intermediaries’ demand for Home bonds.
Real Debt Revaluation Channel

Debt revaluation is the second channel through which US monetary policy affects the

Home economy. Home households have to repay the initial external debt whose real value
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is given as

r& 0+ (1-y)&7° B, (3.23)

EVBI(1+i5) + EEBE(1+i§) [
P1

where the equality comes from the definition of p; given by (3.4); Bl1 o 1s the local currency
value of debt inherited at the beginning of period 1 (including interest rate payments); and
& is the exchange rate between the euro and dollar. Increase in & denotes appreciation of
the dollar against the euro.

As we assumed that UIP between the euro and dollar holds, an increase in the US
interest rate appreciates the dollar against the euro by the same proportion. Then change

in the real value of debt has to be repaid in response to a US monetary shock is given by

d(B1(1+io)/p1)

PTEN (y—6)Bly=D (3.24)
1

where D represents the sensitivity of real debt revaluation to US monetary policy shocks, a
concept I will henceforth refer to as “exposed debt”. In response to a US monetary policy
tightening, the real value of debt increases with the debt share of dollar, ¥, and decreases
with the import share of dollar, 8. This means, the impact of US monetary policy on the
real value of existing debt depends on dollar’s share in debt as well as its share in trade.
When the shares of dollar in debt and trade are equal to each, that is, the debt is naturally
hedged, the real value of debt is independent of the US monetary policy. This is the second
mechanism by which US monetary policy influences Home economy.

It is well documented that a contractionary US monetary policy appreciates, and ex-

pansionary US monetary policy depreciates the dollar. Accordingly, a country with dollar
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assets experiences change in the local currency value of these assets. Whether these nom-
inal changes translate into real changes depends on the pass through of exchange rates
into goods prices. If pass-through is perfect, then asset prices and goods prices move pro-
portionally, and there is no real changes in asset values. However, if the pass-through is
imperfect, then exchange rate movements translate into movement in real value of assets.

When assets and goods have different currency composition, pass through to asset
prices and good prices differ from each other. Suppose all the assets are denominated in
dollars. It is illustrative to consider two polar cases for trade invoicing, first no proportion
of consumption good is invoiced in dollars; and second all goods are invoiced in dollars
(complete natural hedge). An appreciation of the dollar then has two opposite conse-
quences in the real value of the assets. Real value of assets rises one to one with the dollar
appreciation in the first case, but they are constant in the second case. Therefore, dollar’s

relative shares in assets and goods are important determinants of real asset revaluation.
New Equilibrium

Consider the case where y— 68 > 0. Then the two channels described above are in work
when there is a contractionary US monetary policy shock. First, it increases the funding
cost of financier’s, hence reduces their demand for Home bonds. This reduces households’
borrowing given domestic interest rate and exchange rates. Second, a contractionary mon-
etary policy in the US appreciates the dollar against the euro, hence, increases the value of
debt that must be paid in terms of tradable goods. These two reduce the available tradable
goods in the domestic economy. As a result, relative price of tradable goods must increase
to constitute a new equilibrium. Due to price stickiness in the nontradable goods, increase

in relative price of tradable goods requires nominal exchange rate depreciation.
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Figure 3.2: Responses of Interest rate and Exchange rate to U.S. Monetary Policy Contraction
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The depreciation of the exchange rate further reduces the inflows of funds (in terms of
tradable goods) to Home. Then, to increase the financiers’ willingness to lend, monetary
policy optimally raises the policy rate. Given the agency friction in the financial sector,
higher borrowing necessities higher currency premium. Therefore, in the new equilibrium,
Home has a depreciated currency, higher policy rate, higher currency premium. Crucially,
these responses of the domestic variables become stronger as the exposed debt, D, in-
creases.

Figure (3.2) depicts the responses of domestic interest rate and exchange rate. The
change in financiers’ demand for Home bonds due to a higher US interest rate leads IC to
shift upwards to IC" and EC to shift right to EC. The debt revaluation channel shifts EC
curve further to EC’. Tt is important to note that for a given US interest rate change, this
second shift in the EC curve is proportional to exposed debt, D.

As a result, we have the following predictions from this model:

Model Predictions: When there is a contractionary US monetary policy, countries

with higher exposed debt (D) experience,
i. greater currency depreciation against the dollar
ii. a higher increase currency premium, and
iti. a higher increase in domestic policy rate.

In addition to external debt and imports, exports might be another channel through
which US monetary policy impacts Home. A monetary policy change in the US might
change the demand for Home goods in the US and possibly in ROW. This channel is not

present in this model given TNT setup and perfectly elastic demand of foreign countries
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for the tradable goods. This is inline with the empirical findings presented in the next
section*. Furthermore, even if we focus on differentiated traded goods to allow exports
and imports to exist simultaneously, the debt revaluation channel will still exist, which is
the main focus of this paper.

Next section tests these model predictions regarding the role of exposed debt in trans-

mitting the US monetary policy internationally.

3.3 Empirical Analysis

This section presents the empirical analysis that shows the importance of exposed debt in
transmitting monetary policy shocks internationally. I first describe the data used for the
analysis. Then, I regress policy rates, exchange rates, and risk premia on exposed debt
and other relevant covariates to investigate the extent to which the impact of US monetary
policy shocks on these three response variables varies across countries. The results suggest
that for a given external debt, the response variables are more sensitive to the US monetary

policy shocks in countries with higher exposed debt.

3.3.1 Data Description

Response Variables. To test the model’s prediction regarding the role of exposed debt in
transmitting US monetary policy shocks, I consider three response variables in the empir-

ical analysis: domestic exchange rate vis a vis the dollar, premium on domestic currency,

4Similarly, Zhang (2018) shows share of exports invoiced in dollars does not play a role for international
monetary spillovers from the US. Gopinath et al. (2020) shows in the case of dominant currency pricing,
where exports are invoiced in dollar, local currency devaluation does not help export revenues.
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and domestic monetary policy rate. I measure the changes in exchange rate and currency
premium within a one-day window bracketing FRB announcements. Currency premia is
calculated using forward premia and the realized exchange rates. Daily exchange rates and
forward rates are from the Bloomberg Market Data.

For changes in monetary policy, I consider monthly difference in policy rates. I obtain
monthly monetary policy rates from the IMF’s International Financial Statistics (IFS) and
Bank of International Settlement (BIS)’s Central Bank Policy Rate data. For a few cases
where policy rates are not available in both series, I use short term interest rates, such as
treasury bills rate, money market rates or discount rates. These are also from the IMF’s

IFS.

Main Covariates. There are two key independent variables used in the empirical analysis.
The first one is exposed debt variable. To construct this variable, I merge data on currency
invoicing of trade with currency denomination and level of external debt. The data on the
currency invoicing of trade is from Boz et al. (2020). They provide currency shares of
each country’s imports and exports between 1990 to 2019. The currencies they consider
include the dollar, euro, home currency, and “other”, which represents the combined shares
of the remaining currencies. I obtain the data on external assets and liabilities and their
currency breakdown from Bénétrix et al. (2015) and its updated version from Bénétrix
et al. (2020). This dataset covers 50 countries. Observations in both currency shares of
trade and external debt data are in yearly frequency, as a result, exposed debt variable is
also constructed in yearly frequency.

The second key independent variable is the US monetary policy shocks.For this, I
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use the US monetary shocks identified by Nakamura and Steinsson (2018) and updated
by Bu et al. (2020). Nakamura and Steinsson (2018) construct the US monetary policy
shock as the first principal component of change in various interest rate futures in a
30-minute window bracketing FOMC meetings. The main identifying assumption here is
that financial markets possess all relevant information regarding monetary policy changes;
therefore, any change in those interest rates within this short window reveals monetary
policy shocks. This implies that they are also exogenous to the response variables in this

study.

Other Covariates. Other macro variables such as GDP, imports, exports, government
debt are from the IMF’s International Financial Statistics database. In the monetary policy
regressions, I include usual Taylor rule variables. However, instead of using realized
values of output and inflation, I use revisions in their projections reported in the IMF’s
World Economic Outlook vintages. Starting from 1990, the WEO has been published
twice a year with usually two additional updates. In each publication, the WEO reports
the IMF staff’s projections for a selected group of variables in addition to their past
(realized) values. For each country, the projections are made by desk economists at the
IMF who have privileged access to member countries’ data. Then these projections are
scrutinized by the IMF Research Department in order to ensure global consistency’.
Using the revisions of projections instead of actual realization of output and inflation

addresses some of the endogeneity issues.

3See Genberg and Martinez (2014) for a detailed discussion on the WEO projections.
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Sample. The final sample is an unbalanced panel dataset spanning 1995 to 2017. In all
regressions, I exclude observations with (1) peg exchange rates given by Ilzetzki et al.
(2019), (2) closed capital accounts given by Chinn and Ito (2006), (3) observations during
global financial crisis of 2008-9, (4) extreme exchange rate volatility (defined as changes
in the exchange rate exceeding 10% within two days). I also exclude countries with cur-
rencies that are extensively used in international markets, such as the US, UK, Japan, and

Switzerland.

3.3.2 Empirical Strategy

Consider the following panel regression:
Avig = o+ o A + B (A x Dy ) + ), + ¢, (3.25)

where y; ; denotes the change in the response variable of country i at time . The response
variables considered are exchange rate, currency premium, and policy rate. The term
Ai;$ represents the US monetary policy shock, and D;; denotes the real debt subjected to
revaluation (exposed debt), calculated as D;; = (%, — 6;,) x B;;. Here, B denotes the total
foreign currency external debt normalized by GDP, while y and 8 denote the dollar’s share
in external debt and imports, respectively. Ely , includes other relevant covariates specific
to the regression. In all three regression specifications (exchange rate, currency premium,
and policy rate), Ely ; also covers lower-level interaction terms. It’s important to note that
changes in the exchange rate and currency premium are obtained within a one-day window

bracketing the FOMC meetings. However, for monetary policy rates, monthly changes are
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used due to the unavailability of higher frequency data.

The coefficient of interest in Equation (3.25) is B”. This coefficient will inform us
about the role of exposed debt on the transmission of unexpected US monetary shocks
into domestic variables of exchange rate, currency premium and policy rate. The model in
section 3.2 predicts that higher exposed debt results in greater exchange rate depreciation,
higher increase in currency premium and policy rate when there is a contractionary mone-

tary policy. Therefore, we expect 37 to be positive and significant in all three regressions.

3.3.3 Main Results

Exchange Rate Response

This subsection presents my empirical findings that provide strong support for the theoret-
ical predictions about the relationship between real debt exposure (D) and the transmission
of US monetary policy shocks (Ai*) by focusing on the exchange rate movements around
the FOMC meetings. Table 3.1 presents the results for the exchange rate regressions for
six different specifications. In all specifications, exchange rate response is measured as the
percentage change occurring between the day following and the day preceding an FOMC
meeting. An higher exchange rate indicates a depreciation of the home currency.
Consistent with the implications of theoretical framework, I find that an increase in the
US interest rate (Ai*) has a significant positive effect on the exchange rate in all six models.
This finding aligns with previous studies and suggests that contractionary US monetary
policy is generally associated with a stronger dollar and consequently, depreciated local

currencies.
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However, the dollar’s appreciation against other currencies is not uniform across all
observations. In all specifications, the coefficient estimate for (Ai$ x D;) is positive and
statistically significant. This, in line with the model presented in section 3.2, implies that
countries with higher debt exposure experience a greater impact on their exchange rate
from changes in the US interest rate. More specifically, on average, a coefficient of 0.1
implies that a country with 2.5% more debt exposure (because of having a 25% foreign
currency to GDP ratio and 10% more dollar share in debt than in imports, for example)
experiences 2.5% more depreciation in its currency against the dollar, when there is a 10
bp unexpected contraction in US monetary policy.

Notably, including other possibly relevant variables such as size (the domestic GDP
relative the US), openness (imports plus exports relative to GDP), external debt does not
change the fact that having more exposed debt is associated with higher fluctuations in
exchange rate around FOMC meetings. In all the specifications, the main coefficient of
interest is estimated around 0.1. In the last column, where all these variables are considered
together, the coefficient is estimate is 0.12 and it’s still statistically significant.

A remark on the interaction term on external debt in column (6) is in the order. This
coefficient positive and significant, suggesting that external debt is a factor driving the
response of domestics exchange rate to US monetary policy shock. This also aligns with
the mechanisms laid out in section 3.2. According to the model, a higher level of external
debt implies higher borrowing needs, ceteris paribus. When the US interest rate rises,
it deters financiers’ demand for home bonds, making borrowing more difficult, which
in turn, affects the exchange rate. This is also in line with previous findings such as

Wiriadinata (2021). Remarkably, after controlling for external debt the explanatory power
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of the exposed debt (D) remains robust.

In the analyses, not the headline US interest rate changes but the shocks extracted
from it is used to eliminate any endogeneity concerns. To make sure that the US monetary
policy shocks and the exchange rates do not respond to the same global shocks, in column
(5) I control for the VIX index which is considered to capture global financial conditions.
The estimate of coefficient on VIX is statistically insignificant while D is still significant.

These results support the model’s prediction that countries with higher exposed debt
experience a more pronounced depreciation of their currency against the dollar when there

is a contractionary US monetary policy change.

Currency Premium

We now turn to the relationship between real debt exposure (D) and the US monetary
policy shocks (A®) on the response of currency premium. The results for the currency
premium regressions are presented in Table 3.2 based on six distinct models. Similar to the
analysis in the previous section, the response of the currency premium is as the percentage
change in one-day windows bracketing FOMC meetings. The dependent variable, change

in currency excess return, is calculated according to:

curpremj 1 = 10g(FP ;1) —Alog(ER;41) (3.26)

where log(FP,+1) is logarithm of forward premium and log(ER, ) is realized exchange
rate.
Similar to the findings in the context of exchange rates, an increase in the US interest

rate (Ai*) exhibits a significant positive effect on the currency premium. Note that although
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Table 3.1: Nominal Exchange Rate Response

(1) () ) 4) 5) (6)
Ai® 8.115%*%%  4.960%*  7.905%  6315% 8.117*** -11.170
(1.847)  (2.308) (4.243) (3.402)  (1.860)  (7.766)
A® x D 0.128*%  0.114*  0.130%*  0.125%*%  0.132%*%  (0.14]1**
(0.062)  (0.064) (0.061) (0.063)  (0.063)  (0.069)
A% x Size 1.088 2.244%:x
(0.821) (1.027)
A x Openness 0.304 8.587
(4.589) (5.294)
Ai® x ExternalDebt 0.034 0.130
(0.059) (0.080)
AVIX 0.010 0.010
(0.016)  (0.016)
N 832 832 832 832 823 823
Within R2 0.047 0.052 0.047 0.048 0.052 0.066
Fixed Effects Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
*p<0.1, ** p <0.05, *** p < 0.01
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the coefficient on 8i* appears negative and significant in column (6), considering all the
other interactions, the average impact of 8:® is still positive. In the model, an increase in
the US interest rate reduces the financiers’ demand for Home bonds. To restore financiers’
demand, Home currency offers a higher currency premium.

The interaction term Ai® x D shows a positive and significant impact on the currency
premium in all six specifications. This result is in line with the theoretical expectations
laid out in section 3.2 and supports the hypothesis that higher debt exposure amplifies the
impact of US monetary policy shocks on the currency premium. On average, a coefficient
of around 0.15 suggests that a country with a 2.5% more debt exposure (because of having
a 25% foreign currency to GDP ratio and 10% more dollar share in debt than in imports,
for example) experiences 3.75% more increase in excess return in its currency, when there
is a 10 bp unexpected contraction in US monetary policy. Greater debt exposure result in
an amplified increase in the currency premium following a contractionary US monetary
policy shock.

As in the exchange rate analysis in the previous part, other macroeconomic such as
size, openness, and external debt are considered in this analysis. Interestingly, the interac-
tion terms involving these variables show statistically significant impact only in Model 6,
where all variables are considered together. This suggests that while the primary determi-
nant of currency premium response is the country’s debt exposure, other macroeconomic
factors may also play a role when they are simultaneously accounted for.

Similar to the previous subsection on the exchange rate response, we also observe that
external debt is positive and significant in column (4) and (6). This again aligns with the

theoretical framework: as higher external debt implies increased borrowing needs, and a
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rise in the US interest rate reduces financiers’ demand for home bonds, the currency of
a country with higher external debt needs to offer higher premium. However, the impact
of real debt exposure (D) remains robust, even after controlling for external debt. This
highlights the argument that not only the total debt level but also the specific composi-
tion of the debt (i.e., the extent of dollar-denominated debt relative to dollar-denominated
imports) significantly influences a country’s currency premium response to US monetary
policy shocks.

In contrast, the variable related to global volatility (AVIX) does not exhibit a significant
impact on the currency premium in columns 5 and 6 where they are included. This suggests
that global volatility may not play a significant role in affecting the currency premium
response to US monetary policy shocks.

In conclusion, these results indicate that a country’s real debt exposure is a crucial
determinant of its currency premium response to US monetary policy shocks, as predicted

by the model presented in section 3.2.

Policy Rate

The model predicts that monetary policy rates of countries with higher exposed debt (D)
are more sensitive to US monetary policy shocks. The regression results, presented in
Table 3.3, provide empirical support for this prediction.

To examine this hypothesis, 1 estimate equation (3.25) with the domestic monetary
policy rate as the dependent variable. An important difference in this set of regressions
from the previous ones, is the frequency of the dependent variable. While the outcome

variables for exchange rate and excess return were measured within a one-day window
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Table 3.2: Currency Premium Response

(1) (2) 3) 4) ) (6)
AiS 8.300%**  7.068%* 7.841 S1.692  8.415%%x D8 3]Qk:k:k
(2.236)  (2.7780)  (5.580)  (2.116)  (2.286) (7.899)
A® x D 0.163*** (0.159*** (.167***  0.111*  0.166%**  (.120%
(0.053)  (0.055)  (0.060)  (0.058)  (0.053) (0.071)
A x Size 0.447 3,309k
(0.728) (1.038)
A x Openness 0.573 11.742%x
(5.361) (5.574)
Ai® x ExternalDebt 0.194 % 0.353 %
(0.043) (0.072)
AVIX -0.010 -0.009
(0.015) (0.014)
N 525 525 525 525 520 520
Within R2 0.059 0.060 0.059 0.079 0.061 0.103
Fixed Effects Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
*p<0.1,** p <0.05, *** p < 0.01
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around FOMC meetings, the same approach is not feasible for policy rates due to their
more infrequent adjustment. Consequently, I employ monthly observations in this analysis
as this is the most frequent data available.

Moreover, in this set of regressions, I include usual Taylor rule variables, output and
inflation as the policy rates possibly respond to these variables. Note that these are revi-
sions to the projections in the WEO instead of actual realization of real GDP growth and
inflation. However, the WEO revisions are published quarterly, although the policy rates
are measured monthly.

The coefficient on the interaction term Ai® x D is positive and significant across all
specifications, indicating that an increase in the US interest rate leads to a larger response
in the monetary policy rates of countries with higher real debt exposure. On average, a
coefficient of around 0.02 suggests that a country with a one standard deviation more debt
exposure experiences 30 bp more increase in its policy rate, when there is a 100 bp unex-
pected contraction in US monetary policy. This result remains robust after controlling for
several macroeconomic variables, including changes in real output and inflation, country
size, trade openness, external debt and the volatility index, VIX.

Notably, the effects of these macroeconomic controls on policy rate sensitivity are
not significant across the models. This suggests that these factors do not significantly
influence the sensitivity of policy rates to US monetary policy shocks. In contrast, the
consistent significance of the interaction term A x D emphasizes the important role of
real debt exposure in shaping this sensitivity.

In sum, these findings underscore the importance of accounting for the composition of

debt, in addition to its level, when assessing a country’s vulnerability to external monetary
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shocks. High real debt exposure (higher external debt levels and/or higher debt share of
dollar than its share in imports) can amplify the impact of US monetary policy on domestic

policy rates.

3.3.4 Robustness

In this section, I conduct various types of robustness checks for the analyses presented
before. First, I include the lower level interaction terms to the main specifications; then,
I control for other possible debt-related variables; and finally, I control for international
trade-related variables. In a nutshell, the main coefficient of interest for exposed debt, D,
remains economically and significant significant across these new specifications.

Table 3.4 presents the results in which I included the lower term interaction terms.
Because debt exposure D is in fact an interaction term involving the US monetary policy
shocks, external debt and the difference between dollar’s share in debt denomination and
import denomination, one concern would be whether the estimate on the coefficient of D
represents the combined impacts rather than marginal impacts. To address this issue, I
included the lower terms.

The coefficient of the main variable of interest, D, is positive and highly significant
across all model specifications. In fact, we observe that the estimates for the coefficient
of D increase with the inclusion of lower level interaction terms, for all three outcome
variables. This observation reaffirms the robustness of the main findings that D does not
merely capture overall international financial exposure but rather captures a specific aspect
that is robust to the inclusion of additional lower level interaction terms.

Table 3.4 shows the main results are similar when I control for other possible debt
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Table 3.3: Policy Rate Response

(1) (2) 3) 4) (5) (6) (7)

AiS 0.925%* 0259 0296 0285 0.191 0.064 -0.530
(0.416) (0.558) (0.577) (0.565) (0.977) (0.796) (1.538)

Ai® x D 0.014*%* 0.020% 0.020* 0.020%* 0.020% 0.017* 0.016*
(0.006) (0.010) (0.010) (0.010) (0.011) (0.010) (0.009)

AReal Out put -0.009 -0.009 -0.009 -0.009 0.003 0.003
(0.015) (0.015) (0.015) (0.015) (0.016) (0.016)

Alnflation -0.002 -0.001 -0.002 -0.002 0.009 0.012
(0.021) (0.022) (0.022) (0.021) (0.018) (0.019)

A% x Size -1.261 -1.806
(3.869) (5.552)

Ai® x Openness -0.029 -0.034
(0.197) (0.260)

Ai® x ExternalDebt 0.001 0.014
(0.015) (0.022)

AVIX 0.003  0.004
(0.003) (0.002)

N 644 405 405 405 405 307 307
Within R2 0.009 0014 0014 0.014 0.014 0.015 0017
Fixed Effects Yes Yes Yes Yes Yes Yes Yes

Standard errors in parentheses
*p<0.1, ** p <0.05, ¥** p < 0.01
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Table 3.4: Specifications with Lower Interaction Terms

Exchange Rate Currency Premium Policy Rate
(D) (2) (3)
AP 2.876 -4.474% 0.405
(3.154) (2.570) (0.951)
Ai® x D 0.298* 0.499%** 0.067*
(0.154) (0.133) (0.036)
Ai® x ExternalDebt 0.065%* 0.169%** -0.005
(0.030) (0.031) (0.010)
AP x (y—9) -14.230 -30.155%** -3.076
(11.053) (9.425) (2.399)
ExternalDebt -0.013* -0.009** 0.002
(0.007) (0.004) (0.002)
Y—0 -0.978 -0.363 -0.134
(0.796) (1.015) (0.498)
ExternalDebt x (y—0) -0.014 -0.014 -0.001
(0.011) (0.015) (0.007)
AReal Out put -0.009
(0.014)
Alnflation -0.006
(0.024)
N 832 521 405
Within R2 0.090 0.102 0.028
Fixed Effects Yes Yes Yes

Standard errors in parentheses
*p<0.1,** p<0.05, #* p < 0.01
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related channels through which the US monetary policy impacts the domestic economies.
I control for dollar denominated external debt in column (1); for net dollar denominated
external debt where I subtract dollar denominated debt assets from dollar denominated
debt liabilities in column (2); for external debt denominated currencies other than dollar
in column (3) of each panel. As observed in these columns, the coefficient estimate for
D remains significant across all model specifications, even when I include additional con-
trols related to countries’ external debt. It is consistently positive and highly significant,
suggesting that real debt exposure, D, is an important channel which is robust to inclusion
of other debt related variables.

Another possible channel for international monetary policy transmission is interna-
tional trade. Therefore, it is useful to investigate whether real debt exposure is still relevant
after accounting for international trade. Table 3.6 shows that the results remain similar af-
ter inclusion of trade related variables. I control for net exports in column (1); net dollar
denominated exports in column (2); and net exports denominated in other currencies in
column (3) of each panel. Despite the inclusion of these additional trade related controls,
the coefficient of D continues to be positive and significant, indicating the robustness of
the main findings to these variables.

To summarize, the findings from these robustness exercises provide strong evidence
for the robustness of the main findings. The consistent significance of the coefficient
D (denoting exposed debt), despite various model specifications and control variables,
highlights the unique explanatory power of this variable for exposures to U.S. monetary

shocks, providing further support for the main predictions of the model.
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3.4 Conclusion

This chapter studies the global implications of US monetary policy, particularly by intro-
ducing “real debt revaluation” mechanism. Revaluation of existing external debt, resulted
from changes in the value of dollar that impacts value of existing debt and price of imports
differently is shown to be an important determinant of international transmission of US
monetary policy.

In the theoretical framework, the paper identifies two principal channels for the inter-
national transmission of U.S. monetary policy. The first is the funding cost of financiers,
and the second—the main contribution of this study—is the real debt revaluation. The
latter illustrates how an appreciation of the dollar, resulting from a contractionary U.S.
monetary policy, increases the effective value of external debt relative to imports. This, in
turn, leads to depreciation of local currencies, increased policy rates, and higher currency
premiums in countries with greater exposed debt. Exposed debt represents the sensitivity
of real debt revaluation to fluctuations in the dollar’s value and the currency composition
of external debt relative to trade.

Empirically, the paper applies high-frequency data to validate the theoretical model’s
predictions, demonstrating that countries with more exposed debt are indeed more sen-
sitive to U.S. monetary policy shocks. These economies experience larger depreciations
of local currencies, heightened increases in their currency premia, and more significant
domestic policy rate increases in response to unexpected contractionary U.S. monetary
policy shocks.

Future research can build on these insights, expanding the scope to understand other
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factors influencing exposed debt and exploring ways to mitigate its adverse effects, partic-

ularly in emerging and developing economies.
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Appendix A

Proofs

A.1 Proof of Proposition 1

The policymaker solves the following problem

t T ~N
. max EOZﬁ u(c ,C', L)
{pt;Cz th 7LlaB?+177rl} t=0

s.t.
Ay Urs = piUny, (A.1.1)
Moy ¥ =ar (1- %n}) , (A12)
M3y ¢/ =Y +B,—E[B, /R ], (A.1.3)
Ay om (1+m) =™ (A.1.4)
As; : U R =Up Ry Vs,s' € Swiths % (A.1.5)
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Aos: Urs = BE: [Up, 1R} 1] + 1" (A.1.6)

N
K
T —E: [B], /R 1) < &Y+ (A.1.7)

t

where 7/ = (1—¢) <1 +2 ULI ) +2E [®f,z+1Lf+1 T (1 +7rrs+1)} :
The first order conditions are given by

* o N
U, K
2
Pi

M Unyg — =0 (A.1.8)

Ury+ Ay (piUnts —Urry) — /13t+/14t7TT, + A4 17TTt 1 —As; Ut iRy
+267[UTT7[ - ﬁzfﬁ,tflUTT,l‘Rl - () (A19)
Un;+ Ay (piUnng —Urnyg) — 12t+7t4t7751vt + A4 177'-Nt 1 —As 1 Urn Ry

+A6,:Urny — BAss—1Urn R =0 (A.1.10)
ULt+7LZtA<1—§7rt>+7L4t7rLt—|—7L4t =0 (AL
Aap+BE AR ]+ =0 (A.1.12)

M2 @MAL + Mgy @(14+27) + Aay 15 =0 (A.1.13)

where | obtain expression (A.1.12) by integrating all the first order conditions with re-

/
spect to B | with er; | =R} | — R} ;. The terms nzhs, Jr}hs , nlf,hs , ngf’i e T hs denote the

+1 —

derivative of 7" with respect to L, CT, CT, B

t+1, 70, respectively.

Combining (A.1.11) and (A.1.13) we have

LUy + Mg (ﬂtLtﬂglts_l 7rrhts ( (P/27rt ) /‘P)

Aay =
! (1+2m) (1 - $7?) + mlom L,

(A.1.14)
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Also combining (A.1.10) and (A.1.11) gives

. n.rhs
Un,s (1 + 1fg;tz> + Aa (A—(I_Lg?ﬂg) + ﬂzrvi,’f) — Ao Urng +¥5,  +¥R

: T
Urn: — p; Unng

(A.1.15)

with

n{;:hs .
wr o =M L-FTCMS,
Nit—1 ) A(l _ %ﬂtz) 'Nit—1

PN 1 = BAes—1Urn R — Asy—1Urn R

Using the expression for A; from (A.1.15) together with (A.1.8) yields an expression

for monetary policy in a target form:

T—1 s " w kN (Urn s — piUnng)
Uni |1+ —5= | TAy | —5+7y% | +¥h,_ = 7 ,
( 1—%7%2) ‘\a(—2gm2) N Un D}

+2A6,:Urns — BAss—1Urn R + As ;1 Urn (R}
(A.1.16)

For the proofs for this section, consider a path from ¢ =0with A4 1 =245 | =24 | =

* Proof of part 1. First, note that without the borrowing constraint u," = 0 for all .
Next, I first consider a relaxed problem by dropping the implementability constraints

(A.1.5) and (A.1.6). This means the Lagrange multipliers of the omitted constraints
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(As, Ag) are zero. Then I will argue that -, = 7, = 0 is the optimal policy, and
with this policy the constraints (A.1.5) and (A.1.6) are always satisfied. Starting
from 44,1 = 0, by (A.1.14), m; = 0 implies that A4, = 0. Then we have 4;; = 0.
Also, m; = m41 = 0 requires that 7, = 0 by (A.1.4). Thus 7, = m = u," = 0 satisfies
the monetary policy expression (A.1.16). Then the optimality condition (A.1.9)
gives A3, = Ur,. Replacing the lagrange multipliers in expression (A.1.12) without

integrating we obtain

Ury=BU RS, VseS (A.1.17)

which can be decomposed in to the constraints (A.1.5) and (A.1.6) as in the main
text. Therefore all the constraints, including the omitted implementability conditions

are satisfied. This completes the proof.

Note that a similar argument shows that if there is no possibility of a binding con-
straint in the future, then A5 = A¢ = 0 satisfies all the equilibrium conditions. Then
monetary policy expression (A.1.16) does not include A5 and Ag which shows mon-

etary policy is not prudential.

Proof of part 2.(a). Under distinct capital controls tax, the household Euler equation
as well as the optimality condition for portfolio choice do not constitute a constraint

to the policymaker, therefore As;, = Ag; = 0 Vr. Also, if the last crisis is sufficiently
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past, we have A4 ,_1 ~ 0. Then, A.1.16 becomes

rhs * N T

7—1 T " 15 (Urny — pl Unny)

Uni | 14— | +har | g 705 | = ’ ’
’( ‘Pn2> A —2%m2) M Un,(pl)?

(A.1.18)

If the borrowing constraint is not binding, then we have u* = 0. Then 7, = 7, = 0 sat-
isfies the above expression, and the rest of the first order conditions collapse to those
of private agents, showing that m; = 7, = 0 is an optimal policy. This also shows that
monetary policy is not prudential. When the borrowing constraint is binding, on
the other hand, (A.1.18) shows that m; = 7, = 0 = A4, = 0 can no longer be an op-
timal policy, and the policymaker must a strike a balance between macroeconomic

stabilization and relaxing the constraint.

Proof of part 2.(b) With uniform capital controls, the policymaker can adjust total
borrowing so household’s Euler equation is not a constraint, Ag, = 0 Vz. However,
households can allocate the total borrowing as they wish. In normal times (y; =
0), the monetary policy expression (A.1.16) implies that 7; = 7, = 0 cannot be an
optimal policy if As;_; # 0 V¢, otherwise the policymaker takes into account the

promise from the last period.

Proof of part 2.(c) When there is no other prudential policy is available, both house-
holds’ Euler and portfolio optimality conditions enter to the policymaker’s problem
as constraints, A5, # 0 and Ag, # 0. It is obvious that even in normal times y; = 0,
the monetary policy expression (A.1.16) implies that 71, = 7; = 0 cannot be an opti-

mal policy.
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Note that in a sudden stop p; # 0, and therefore the right hand side of the policy
expression (A.1.16) includes the first term. This shows another consideration of

monetary policy while setting the relative price of tradables.

124



A.2  Proof of Proposition 2

max Eo) B'U(C .G\ L)
{PrC Ct ,Lthz+l 1} t=0

s.t.
)vl,z : Ur: = p:Uny,

Ay N = AL (1 - %rf),

A3 ¢ =Y +B,—E[B,/R,],

Mgy om (14+m) =nr™
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Ao Ury = BE [Uf, R 1] +17F
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where 7/ = (1 — )<1+ UL[)—F%E; [®§t+1 ST, (147, )}

The first order conditions are given by

* o N
Uy Ky
2
t

Ury+ M (piUnty —Urry) — A3 + )«4,1717%}7? +2A6:Urr; =0

=0

MUy —
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(A.2.20)
(A.2.21)
(A.2.22)
(A.2.23)

(A.2.24)

(A.2.25)

(A.2.26)

(A.2.27)
(A.2.28)

(A.2.29)

(A.2.30)



—A,z,t(pﬂ[ALl + 2’471‘(’)(1 + 27'[[) — O (A231)

where | obtain expression (A.2.30) by integrating all the first order conditions with re-

!
=R} | — R} ;. The terms 7172}”, 71:;}” , n]{,hs, mihs ﬂ{ths denote the

spect to Bf, | with er] By

t+1 t+1

derivative of 7" with respect to L, CT, CT, B} |, T, respectively.

Combining (A.2.29) and (A.2.31) we have

—m L ULy
Aoy = ’ (A.2.32)
! (1+2m) (1 - $77) + msmL,
Also combining (A.2.28) and (A.2.29) gives
71 — ﬂzhlx rhs
UN,t <1+ 1—%77,}2) +A¢47[ A(l—%ﬂtz) +7ZN7[ _M,IUTN,[
M= (A2.33)

T
Urn: — p; Unn

Using the expression for A; from (A.2.33) together with (A.2.26) yields an expression

for monetary policy in a target form:

T—1 s “,kN (Urn, — piU
s (1+m>w,, (ﬁ w:f) = B P
7 Y

¢ 2 2
— 57 Un:p;

* Proof of part 1. First, note that without the borrowing constraint y = 0 for all
t. Next, I first consider a relaxed problem by dropping the implementability con-
straints (A.2.23) and (A.2.24). This means the Lagrange multipliers of the omitted
constraints (As, Ag) are zero. Then I will argue that 1; = 7 = 0 is the optimal policy,

and with this policy the constraints (A.2.23) and (A.2.24) are always satisfied.By
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(A.2.32), m = 0 implies that A4, = 0. Then we have A;; = 0. Also, i, = w1 =0
requires that 7; = 0 by (A.2.22). Thus 7, = m = u,” = 0 satisfies the monetary pol-
icy expression (A.2.34). Then the optimality condition (A.2.27) gives 7L3J =Ur,.
Replacing the lagrange multipliers in expression (A.2.30) without integrating we

obtain
Ur; = ﬁU%JHRfH VseS (A.2.34)

which can be decomposed in to the constraints (A.2.23) and (A.2.24) as in the main
text. Therefore all the constraints, including the omitted implementability conditions

are satisfied. This completes the proof.

Note that a similar argument shows that if there is no possibility of a binding con-
straint in the future, then A5 = A¢ = O satisfies all the equilibrium conditions. Then
monetary policy expression (A.2.34) does not include A5 and A¢ which shows mon-

etary policy is not prudential.

Proof of part 2.(a). Under distinct and uniform capital controls tax, the household
Euler equation (A.2.23) does not constitute a constraint to the policymaker, therefore

A = 0Vt. Then, A.2.34 becomes

7—1 s w kN (Urn, — plUnw,
UN,I<1+—>+7L4J<A—(1 Lty | = MO (U P U

1— %ntz — 57 ) UN,t(PtT)2

(A.2.35)

If the borrowing constraint is not binding, then we have u* =0. Then 1, = 7, =0
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(and therefore A4 = 0) satisfies the above expression, and the rest of the first order
conditions collapse to those of private agents, showing that ; = 7; = 0 is an optimal
policy. This also shows that monetary policy is not prudential. When the borrowing
constraint is binding, on the other hand, (A.2.35) shows that ; =7, =0= A4, =0
can no longer be an optimal policy, and the policymaker must a strike a balance

between macroeconomic stabilization and relaxing the constraint.

Proof of part 2.(b) When there is no other prudential policy is available, both house-
holds’ Euler and portfolio optimality conditions enter to the policymaker’s problem
as constraints, A5, # 0 and A¢, # 0. It is obvious that even in normal times y; = 0,
the monetary policy expression (A.2.34) implies that 7; = 7, = 0 cannot be an opti-

mal policy.

Note that in a financial crisis ;" # 0, and therefore the right hand side of the policy
expression (A.2.34) includes the first term. This shows another consideration of

monetary policy while setting the relative price of tradables.
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Appendix B

Model With Composite Securities

Suppose instead of a complete Arrow securities, domestic agents can borrow or lend using

one-period internationally traded composite securities. Let B!

i+1 denote the holding of

asseti withi = 1,...,] whose price is Q' at time ¢ and pays out dividend Di 4 attimez+ 1.
Both price Q! and dividend D! are denominated in units of internationally tradable good.
Agents in the small open economy take Q! and D! as given. At time ¢, let B;,| be the
total asset holdings; }/; 1 be the portfolio share of asset i; and R, be the real return on the

portfolio:

1
B = ZQ; 141
i=1

lBl

As aresult, households are subject to the following sequence of flow budget constraints
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expressed in local currency

PYCN 4+ PTCT + 5B, <WL +P'Y] + &BR +T1,+T;, (B.0.1)

Also the borrowing constraint takes the form

—& By < kTPTYT VPN, (B.0.2)

Then households optimality conditions become

Urs = p; Un.s (B.0.3)
U, W

- = B.0.4
UN,t PtN ( )

Ury = BE; [Ur s 1Ri41] + e (B.0.5)

E [Urssileriy )] =0 Vi=1,..,1-1, (B.0.6)

where p! is price of the tradable good relative to the nontradable good P /PN ; Ur, Uy, Uy
are marginal utilities of tradable goods consumption, nontradable goods consumption and
work, respectively; 1, is the lagrange multiplier on the borrowing constraint; er is excess

return of asset i relative to some reference asset which is labeled as I:

. . ’ |
1t Dy QD
o of

i
eyl =

The production side remains the same except for the fact that variables are now not
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indexed by state but time. The policymaker solves the following problem

{p,,cﬁcﬁgisﬁl,mm}EO,—ZaB[U(C’T’C’N’L[)
S.t.
My Ury = pf Un,,
Mo ¥ =aL, (1- %nf) ,
Ay ¢/ =Y +BR — By,
Agy om (1+m)=mn"
AL, E, [Urspieri ] =0, Vi=1,..,N—1
Ass Ury = BE; [Ursy1Re+1] + 1
T —Ba <kY+ K—]TV

t

Iy —_ U St
where ﬂths = (1 — 8) <1 + AULN_,) + %Et [®t,t+]Lt+l7rt+] (1 + 7[;4_])] .

(B.0.7)
(B.0.8)
(B.0.9)
(B.0.10)
(B.0.11)

(B.0.12)

(B.0.13)

Depending on the commitment assumption, this problem yields very similar expres-

sions to the ones either in Appendix A.l or Appendix A.2. Therefore, the proofs of the

propositions 1 and 2 follow the same steps.
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Appendix C

An Alternative for Distinct Capital

Controls: Reserve Accumulation

As an alternative to capital controls, the policymaker might also accumulate reserves for
prudential purposes as in Arce et al. (2019). Without a borrowing constraint, as the gov-
ernment accumulates reserves and finances them via lump sum tax expressed in tradables,
households also increase their borrowing, hence “undo” the impacts of reserve accumula-
tion, in line with the Ricardian logic. With the borrowing constraint, however, households
can do so only until they hit the borrowing constraint. After that point, any additional re-
serve accumulation reduces the net borrowing of the country. Unlike capital controls, this
policy increases the gross flows but improves net flows. The government can also change
the composition of overall asset position of the country by adjusting the composition of
reserve accumulation. As a result, both the level and composition of net asset position can

be set to the socially optimal levels.
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I assume that the government has access to the same international financial markets as
households and reserve accumulation is not associated with any other cost. Therefore, it
can trade the same set of assets by facing the same price as households. Denoting AfjA
as the government’s accumulation of an asset denominated in i at time ¢, the government

budget identity becomes

I A L
&Y 0y =&Y (0i+D)A; +T, (C.0.1)
=1

i i=1

In this setup, capital controls and reserve accumulation are perfect substitutes. They
both distort households intertemporal decisions and do not incur any cost to the policy-
maker to implement. In other formulations of reserve accumulation in the literature, re-
serve accumulation is usually costly to the policymaker and economy. If this was the case
here, then capital controls would be superior instruments than reserve accumulation.

Note that while capital controls can be used to target total borrowing without inter-
fering households’ optimality decisions for portfolio shares via uniform tax, this is not
possible under reserve accumulation. Therefore, if the reserve accumulation is possible
and government has access to the same financial instruments as private agents, then both

the level and composition of net debt of the country can be adjusted by the policymaker.
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Appendix D

Details of the Quantitative Model

The quantitative model is a version of the model with composite securities laid out in
Appendix B. The total saving at the end of period ¢ is given by B, | = BfH +4q; 1B
with B and B¢ debt and security holdings, and ¢¢ is the price of equity in terms of tradable

goods. The time consistent policymaker looks for a Markov perfect equilibrium by solving

the following problem:

{pt.,C,T7C{Vn}i)I(.‘3,+1,}/tiJrl}EO,;)BtU(C??CZV’LI)

S.t.
Ay Ur, = pUny, (D.0.1)
Ay ¥ =a (1- gn,z) , (D.0.2)
Aays: ¢l =y +B,R, — B, (D.0.3)
Ay om (1+m)=n" (D.0.4)
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215 - Et [UT7t+lert+1] =0 (DOS)

Aoy Ur, = BE, [Ur s 1R 1] + pu&E (D.0.6)
* ToT KzN

[T — B <x'Y, +P—. (D.0.7)
t

where 11/ = (1 —¢€) (1 +Al(]JL[’V’,> + %E, O s+1Li1 141 (14 m41)], and eryyg is the ex-

pected excess return of equity.
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