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Abstract

I consider a New Keynesian model of a small open economy where international financial
markets are imperfect and the exchange rate is determined by capital flows. I use this frame-
work to study the effects of exchange rate fluctuations driven by capital flows and characterize
the optimal foreign exchange intervention. Capital flows shocks cause inefficient exchange
rate fluctuations that trigger boom-bust cycles in the domestic economy. The optimal policy
response is to partially stabilize these fluctuations using both foreign exchange intervention and
monetary policy. The optimal foreign exchange intervention leans against the wind and stabi-
lizes the path of the exchange rate: following an increase (decrease) in the foreign demand for
domestic assets, the central bank increases (decreases) their net supply and accumulates (de-
cumulates) foreign reserves. By doing so the central bank stabilizes the path of the exchange
rate and smooths out fluctuations in domestic consumption. Simultaneously, the central bank
reduces (increases) the nominal interest rate in order to reduce the relative price of domestic
goods and mitigate the output gap. Foreign exchange intervention is not a mere substitute for

monetary policy. Rather, the two tools complement each other.

JEL Codes: E44, ES2, E63, F31, F32, F33, F41, G15.

Keywords: Capital Flows, Foreign Exchange Intervention, Monetary Policy

tNew York University, Department of Economics. Website: https://files.nyu.edu/pc1160/public/. Email: pcav-
allino@nyu.edu. Tel: +1 646 977 2273.

I would like to thank the members of my PhD committee: Xavier Gabaix, Mark Gertler, Matteo Maggiori and
Thomas Philippon. My debt of gratitude to them can hardly be repaid. I would also like to thank: David Backus,
Jess Benhabib, Jaroslav Borovicka, Patrick Kehoe, Ricardo Lagos, Sydney Ludvigson, Virgiliu Midrigan, Venky
Venkateswaran, and participants at the NYU Stern Macroeconomics Lunch Seminar and NYU Job Market Presentation

Group.


https://files.nyu.edu/pc1160/public/
mailto:pcavallino@nyu.edu
mailto:pcavallino@nyu.edu

Flexible exchange rates have been praised in economic theory as a mechanism that facilitates
relative price adjustments between countries and helps them achieve efficient outcomes. The coun-
tercyclical response of exchange rates to relative demand and supply shocks triggers expenditure-
switching effects that smooth out output volatility and stabilizes the economy. According to this
view, fluctuations in the real exchange rate are efficient responses to fundamental shocks and must
therefore be welcomed. However, an alternative explanation for fluctuations in the real exchange
rate is the presence of shocks arising in international financial markets that move the nominal ex-
change rate and are then passed on to the real exchange rate. These fluctuations could drive the real
exchange rate away from its efficient level and be the source of, rather than the cure for, economic
disruption.

The view that exchange rates might deviate from their efficient levels as a consequence of
non-fundamental shocks has a long tradition among policymakers. It was certainly at the heart
of the Plaza and Louvre agreements and it is probably a component of the well known “fear of
floating” documented by Calvo and Reinhart (2002) in emerging economies. This irreconcilable
dichotomy lies at the core of the debate around the exchange rate policies of emerging economies,
and it is the reason why the consensus among policymakers has frequently changed. The 1970s
and 1980s were characterized by a large variety of pegs while the bipolar (float or fix) view was
predominant during the 1990s. However, following the series of balance of payments crises that
plagued emerging markets in the 1990s, many policymakers have settled for a floating exchange
rate regime combined with inflation targeting monetary policy. This consensus seems to be on the
verge of shifting once more.

The evolution of financial integration and the increased openness of both advanced and emerg-
ing economies to international capital flows have raised new concerns among policymakers about
exchange rate fluctuations driven by financial forces rather than fundamentals. As the participa-
tion of foreign investors in domestic asset markets increases, their portfolio allocation decisions
become significant drivers of overall capital flows. Shifts in foreign investors’ portfolios can drive
exchange rates away from their efficient levels and potentially affect domestic output and inflation.
These concerns are especially strong for emerging market economies, where the relative shallow-
ness of foreign exchange markets and the limited volume of trades strengthen the link between
capital flow shocks and exchange rate volatility.

The volatility of international capital flows has increased substantially since the global finan-
cial crisis of 2008-2010. To lean against the wind of capital inflows, many policymakers around
the world have relied on heterodox policies such as non-conventional monetary policies, capital

controls and foreign exchange interventions. According to the IMF!, the last decade has seen an
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increasing number of countries actively managing their exchange rates. Brazil, Chile, Colombia,
Turkey, and other emerging markets with announced inflation targeting regimes have increased
both the frequency and the size of their interventions.> Along them, also developed economies
such as Israel and Switzerland have engaged in considerable intervention of their exchange rates
and have accumulated substantial reserves. 3

Exchange rate interventions are typically attributed to precautionary or mercantilist motives.
Accumulating foreign reserves might provide a cushion of liquidity if the flow of short-term debt
is interrupted. Alternatively, currency interventions can be used to undervalue the domestic cur-
rency and boost the competitiveness of the export sector. Recent evidence (see for example Adler
and Mora (2011) and Daude et al. (2014), among others) documents the prevalence of an alterna-
tive reason for intervening: that of stabilizing the exchange rate and reducing its volatility. The
decision to intervene is increasingly driven by the goal of limiting what the policymaker perceives
as unwarranted deviations of the exchange rates from their fundamental levels. Interventions corre-
late negatively with exchange rate pressures, i.e. they “lean against the wind”, and positively with
foreign financial conditions and capital flows. Central bankers appear to be particularly worried
about the negative effects of a strong currency on the competitiveness of their exports and ulti-
mately on domestic output. Hence their attempt to fight non-fundamental appreciating pressures.*

However popular, the logic behind such interventions has not been formally tested. The goal of
this paper is to characterize the optimal use of sterilized foreign exchange intervention in response
to exchange rate fluctuations driven by capital flow shocks. I consider a New Keynesian model of a
small open economy, as originally formulated by Gali and Monacelli (2005) and later extended to
continuous time by Farhi and Werning (2012). I depart from the assumption of frictionless markets
and assume that international financial markets are imperfect. Following the model developed by
Gabaix and Maggiori (2014), I assume that agents in each country have limited access to interna-
tional capital markets. International financiers absorb any imbalance between demand and supply
of assets denominated in different currencies and clear the markets. In order to do so they require
a premium in the form of expected currency appreciation/depreciation. I use this model to study
the effects of shocks to foreign investors’ demand for domestic assets. When international asset

markets are imperfect, portfolio flow shocks generate boom-bust cycles in the domestic economy.

’The Central Bank of Brazil (BC) raised foreign reserves from $54 billion at the end of 2005 to $350 billion at the
end of 2011. Source: Central Bank of Brazil

3Between March 2008 and August 2011 the Bank of Israel (BOI) accumulated $28.1 billion in foreign reserves,
through daily purchases initially of $25 million and later raised to $100 million. From August 2009 to July 2011
the BOI continued to occasionally purchase foreign exchange to bring total reserves to $77.9 billion, an increases of
almost 170% with respect to their level in March 2008. Source: Flug and Shpitzer (2013)

4Former Israel central bank governor Stanley Fisher remarked: “I have no doubt that the massive purchases [of
foreign exchange] we made between July 2008 and into 2010 [...] had a serious effect on the exchange rate which I
think is part of the reason that we succeeded in having a relatively short recession”. Source: Levinson (2010)



For example, a positive portfolio flow shock, that is an increase in the foreign demand for domes-
tic assets, appreciates the domestic currency and reduces the domestic real interest rate. Capitals
flow in the domestic economy and fuel a consumption boom while output falls. The dynamics of
consumption and output are reversed during the bust phase of the cycle. When foreign demand
for domestic assets return to its steady state level their return increases and the external debt ac-
cumulated by domestic households must be reabsorbed. Consumption falls below its steady state
level and output rises until the Home country pays off its debt. The optimal foreign exchange inter-
vention leans against the wind and stabilizes the path of the exchange rate. Following an increase
in the demand for domestic assets, the central bank increases their net supply and accumulates
foreign reserves. By doing so the central bank absorbs part of the capital inflow and reduces its
impact on the exchange rate. By leaning against the wind the central bank achieves two purposes.
First, it reduces the initial appreciation of the domestic currency and sustains foreign demand,
therefore reducing the output gap. This is the “monetary” aspect of the intervention: the central
bank depreciates the nominal exchange rate in order to help domestic exporters to reduce their
foreign currency prices. Second, by absorbing part of the capital inflows, it increases the domestic
real interest rate and smooths out the consumption boom. Smoothing out consumption fluctua-
tions increases welfare as it reduces the output gap caused by the wealth effect on labor supply
and it allows the planner to exploit the monopsonistic/monopolistic power that the country has on
its own terms of trade. An increase in domestic consumption appreciates the terms of trade. It is
never optimal for the central bank to fully stabilize domestic consumption. The reason is that, by
creating a wedge between the return of domestic and foreign assets, portfolio flow shocks are akin
to positive wealth shocks for the Home country. Foreign exchange interventions are costly since
they reduce this wedge and its benefits. In determining the optimal amount of stabilization the
central bank trades off the benefits that arise from the positive wealth shock and the inefficiencies
caused by the exchange rate fluctuations. The optimal policy mix required to deal with portfo-
lio flow shocks includes both foreign exchange intervention and monetary policy. The two tools
are complements rather than substitutes. Foreign exchange intervention is the appropriate tool to
smooth out consumption fluctuations as it allows the planner the choose the welfare-maximizing
consumption path. However, when foreign exchange intervention is used also to reduce the output
gap this leads to a stabilization bias. Monetary policy can help in reducing the output gap and
reduce this burden. However, monetary policy can only move the allocation along an inefficient
IS curve. Without a state-contingent labor subsidy, foreign exchange intervention is still used to
shift the IS curve closer to efficiency. This conclusion is in sharp contrast with the standard view
of foreign exchange interventions which emphasizes their monetary aspect.

The focus of this paper is the desirability of foreign exchange intervention in response to cur-

rency misalignments arising in financial markets. Questions regarding its effectiveness are the



focus of a vast and lively literature. Most of the studies from the late 80s found that the coordi-
nated interventions, conducted after the Plaza and Louvre agreements, were effective. Dominguez
and Frankel (1993) analyze interventions using data from U.S. dollar, German mark and Swiss
franc between 1982 and 1988. Their study points to the presence of a significant portfolio chan-
nel in the U.S. Dollar and German mark markets. More recently, Sarno and Taylor (2001) survey
central bank interventions conducted in the 90s and conclude that foreign exchange intervention
can be effective especially if it is publicly announced and provided that it is consistent with the
underlying stance of monetary and fiscal policy. Menkhoff (2010) and Menkhoff (2013) survey
the literature focusing on studies that use high-frequency data for both developed and emerging
economies. The author finds that the evidence corroborates the hypothesis that interventions move
the exchange rate level in the desired direction, especially in emerging market economies where
higher reserves and shallow markets give central banks more leverage. Adler and Mora (2011)
study interventions in Latin America between 2004 and 2010. Their quantitative estimation sug-
gests that interventions can be successful in lowering the pace of appreciation but that the effects
decrease with the degree of capital account openness. Although the evidence of its effectiveness is
far from conclusive, it suggests that foreign exchange intervention can be a useful tool for central
banks. The contribution of this paper is to study how to use it.

The rest of the paper is organized as follows: section 1 reviews the relevant literature; section 2
describes the model and its equilibrium; section 3 describes the log-linearized dynamics around the
steady state and the planner problem; in section 4 I study optimal foreign exchange intervention;
section 5 study the interaction between foreign exchange intervention and monetary policy; section

6 concludes.

1 Literature Review

This paper is related to three broad streams of literature: the international macroeconomic literature
on the volatility of capital flows, the literature on international financial intermediation and the
literature on optimal policy and welfare in open economies.

The volatility of capital flows and their effects on open economies are at the center of a large
literature. Starting with the seminal work of Calvo (1998) most of the literature has focused on
“sudden stops”, episodes in which the inflow of foreign capitals suddenly reverses. See for ex-
ample Caballero and Krishnamurthy (2004), Mendoza (2010), Bianchi (2009), Bianchi and Men-
doza (2010), Jeanne and Korinek (2010) and Korinek (2011). These papers emphasize the role of
domestic borrowing constraints and pecuniary externalities in amplifying shocks to the external
financing conditions. More recently Farhi and Werning (2013a) study the effects of foreign risk

premia shocks in a small open economy with nominal rigidities. All these papers focus on capital



controls as a tool to manage capital flows and stabilize the domestic economy. I contribute to this
literature by studying the optimal use of an alternative tool, namely sterilized foreign exchange in-
tervention, in response to capital flow shocks. A related strand of literature has focused on the role
of capital flows in the transmission of financial conditions across countries. Rey (2013), Agrippino
and Rey (2013), Shin (2013) and Blanchard et al. (2014) provide evidence of a global financial
cycle driving capital flows, asset prices and credit growth across countries. The cycle might con-
straints and render ineffective domestic monetary policy if the capital account is not managed.
Consistent with this conjecture, I find that monetary policy independence increases when foreign
exchange intervention is used to deal with currency misalignments caused by capital flows.

This paper also relates to the literature on international financial intermediation and exchange
rate determination in the presence of frictions. The earlier and most prominent strand of the lit-
erature on asset demand and exchange rate determination in general equilibrium has focused on
complete markets. See for example Lucas Jr (1982), Backus, Kehoe and Kydland (1992), Backus
and Smith (1993), Pavlova and Rigobon (2007) Verdelhan (2010), Colacito and Croce (2011),
Stathopoulos (2012) and Farhi and Gabaix (2014). An other stream of literature has analyzed the
role of market incompleteness in the determination of international portfolios. For recent examples
see Chari, Kehoe and McGrattan (2002), Corsetti et al. (2008) and Rigobon and Pavlova (2011).
As shown by Backus and Kehoe (1989) in these classes of models sterilized intervention is not an
extra policy instrument available to the central banks. When portfolio decisions are frictionless,
the imperfect substitutability between assets postulated by the portfolio balance channel® is not
enough for sterilized intervention to have an effect on prices and quantities. In light of this result,
in this paper I follow a different approach based on frictions in the intermediation process of in-
ternational capital flows. Important contributions in the study of international financial frictions
include Caballero and Krishnamurthy (2001), Jeanne and Rose (2002), Evans and Lyons (2002),
Hau and Rey (2006) and Bruno and Shin (2013). A related stream of literature has focused on
the effects of domestic financial frictions and market segmentation on the dynamics of portfolio
flows and exchange rates. See for example Alvarez et al. (2009), Bacchetta and Van Wincoop
(2010) and Maggiori (2012). Bruno and Shin (2014) develop a model of the international bank-
ing system where global and local funding constraints interact in the transmission of financial
conditions across borders. Gabaix and Maggiori (2014) build an analytically tractable 2-period
general equilibrium model where constrained international financiers intermediate capital flows
across countries. They provide a novel micro-foundation to the portfolio balance channel and an-
alyze the welfare effects of heterodox policies such as foreign intervention and capital controls.
I build on their analysis and incorporate the intermediation friction in a standard New Keynesian

small open economy. This allows me to provide a complete characterization of the optimal foreign

5The theoretical underpinnings of the portfolio balance channel date back to Kouri (1976) andKouri (1981).



exchange intervention policy and its interaction with standard monetary policy.

Finally, this paper relates to the literature on optimal policy and welfare in New Keynesian
open economies. Aguiar et al. (2009),Schmitt-Grohé and Uribe (2011), Farhi and Werning (2012;
2012b; 2013b) and Farhi et al. (2014) provide innovative analysis of the effects of conventional
policies such as capital controls, fiscal transfers and fiscal devaluations on the welfare of a small
open economy. This paper is most closely related to the literature on the desirability of stabiliz-
ing exchange rates. Much of this literature is concerned with investigating the conditions under
which it is optimal to include the exchange rate in the reaction function of monetary policy. See
for example Sutherland (2005), Corsetti and Pesenti (2005), Benigno (2009), De Paoli (2009) and
the comprehensive review of Engel (2014). Engel (2011) characterizes the optimal response of
monetary policy to currency misalignments arising from differences between home and foreign
prices due to Local Currency Pricing (LCP). The focus of this paper is on currency misalignments
arising in financial markets. There are few existing papers that allow for a non-trivial role for ster-
ilized intervention. Some notable exceptions are Benes et al. (2013), Montoro and Ortiz (2013)
and Devereux and Yetman (2014).° These papers analyze the welfare effects of different exoge-
nously specified intervention policies aimed at stabilizing the exchange rate. My contribution to
this literature is to derive the optimal foreign exchange intervention policy and characterize its

implementation.

2 A Small Open Economy Model

Consider a continuous-time model with infinite horizon. The world economy is composed of a
continuum of measure one of countries indexed by ¢ € [0,1]. Every country is inhabited by a
continuum of measure one of identical households, and each household is composed of a measure
one of family members with identical preferences over consumption paths. By assumption, there
is perfect consumption insurance within the household because all members pay out their earnings
to be shared equally across the entire household. In each country there is also a measure one
of monopolistically competitive firms that produce a continuum of differentiated tradable goods.
International financial markets are incomplete and segmented. The only assets available in the
world economy are a continuum of riskless nominal bonds denominated in different currencies.
Each bond pays one unit of the currency of a specific country. Households can freely trade domestic
assets, i.e. bonds denominated in domestic currency, but they are constrained in their holdings of
foreign assets. Hence, imbalances in financial markets might arise. The excess demand or supply
of assets is absorbed, at some premium, by global financial firms. Financial intermediaries are

allowed to invest in bonds denominated in different currencies and clear the markets.

6See also the reduced-form model proposed by Ostry et al. (2012).



Uncertainty is represented by a filtered probability space (€2, F,{F (¢)},P) on which is de-
fined a standard n-dimensional Brownian motion Z (t) for ¢ € [0, 00). All stochastic processes
are assumed adapted to {F (t)}tT:O, the augmented filtration generated by Z. In what follows I
assume, without stating explicitly, all regularity conditions that ensure all processes introduced are
well defined.

Since the focus of this paper is on the policy of a single economy, I will describe the model
from the point of view of one country, which I call Home or domestic country, and can be though
of as a particular value H € [0, 1]. To simplify the analysis I will also assume that all foreign
countries are at their symmetric equilibrium at any point in time. I refer to them as rest of the
world and denote their variables with a star superscript. This assumption allows me to keep track
of only one set of international prices rather than a continuum of bilateral prices.

I will start by defining some relative prices. Define the Home terms of trade as the Home price
of imported goods divided by the price of Home goods, such that an increase in the terms of trade
represents a deterioration in the Home terms of trade: S = Pr/Py. Let £ be the nominal exchange
rate between the Home country and the rest of the world, defined as the Home currency price of one
unit of any foreign currency, such that a decrease in £ is an appreciation of the domestic currency.
Assume that its law of motion is

%Ef)) = pe (t) dt + o (t) dZ ()
where ¢ and o¢ are the drift and volatility of £. Finally, define the real exchange rate as the
relative price of one unit of foreign consumption in terms of domestic consumption: Q = EP*/P.
A decrease in Q increases the real purchasing power of the Home currency.

In the next sections, I describe in detail the problem facing households and firms located in
the Home country. Unless otherwise noted, the problems facing foreign agents are symmetric. I
then describe the decision of financial intermediaries and the instruments available to the domestic

policymaker.

Households

The Home country is inhabited by a continuum of measure one of identical households. Each

household chooses consumption and hours of labor for all its family members. The representative

E [/OOO e U (C’ (t),L(t), ]\g—((f))) dt} )

where p > 0 is the time discount factor, L is the amount of labor supplied by each family member,

household maximizes

M is money holdings and P is the domestic Consumer Price Index (CPI), such that % is real



money balances. The consumption index, C, is an aggregator of Home and imported goods, given
by
Cu (t) " Cr ()"

ac(1—a) ™

OT (t) =

where a € [0, 1] measures the degree of Home bias in consumption and is therefore a natural
index of the openess of the Home economy. As o — 0 the share of expenditure on foreign
goods vanishes and the representative household consumes only goods produced domestically.
The economy is effectively closed. As o — 1 the share of expenditure on domestically produced
goods vanishes and the representative household consumes only goods produced abroad. Since
each country has zero measure, this case describes a very open economy. The imported goods index
Cr is itself an aggregator of goods produced in different countries and it is defined by Cr (t) =
exp ( J: 01 InC; (1) dz’) , where ¢ is the elasticity of substitution between them. Each country produces
a continuum of varieties of both tradable and non tradable goods. Therefore each C;, for i € [0, 1],

and C'yr are indexes of consumption of all varieties defined by

e—1

ct=][ e

Cnr (t) = {/01 Crry (8)F dJ}

where € > 1 measures the elasticity of substitution across different varieties.

=
dj} i€ [0,1]

€ _
e—1

International financial markets are incomplete and segmented. The representative Home house-
hold can only invest in three assets: Home currency, a Home bond paying one unit of the domestic
currency, and a continuum of foreign bonds each paying one unit of a foreign currency. However,
while it can freely trade domestic assets, its holding of foreign bonds is constrained. Let D () de-
note the value of Home bonds held by the representative household and F (t) = [, Iy F; (t) di the
foreign-currency value of its portfolio of foreign bonds.” For simplicity, I will model the demand
for foreign assets as an exogenous process. The portfolio flow F' can be thought of as an inelastic
demand coming from noise family members. It can also be motivated as a liquidity shock or as the
result of time-varying portfolio constraints. Understanding the determinants of international port-
folios is a key research question in international finance, and the focus of a developing literature®,
but it goes beyond the scope of this paper.

Let A(t) = M (t) + D (t) + £ (t) F (t) be the Home-currency value of the assets held by the

7Since foreign countries are identical at any point in time, the actual composition of the portfolio is indeterminate.
Only its aggregate value matters.
8See for example Pavlova and Rigobon (2010), Rigobon and Pavlova (2011) and Maggiori (2012), among others.



representative household. Its dynamic budget constraint is

dA(t) = (A(t) = M()i(t)dt+E(t) F(t) [(* (t) =i (t) + pe (1) dt + o2 (t) dZ (£)](2)
FW (#) L(t) — P () C(t)] dt + dII () + dT (t)

where 7 is the domestic nominal interest rate, ¢* 1s the nominal interest rate in the rest of the world,
W is the nominal wage, II represents nominal profits received from domestic firms and 7" is a
nominal lump-sum component of income which includes all taxes paid to and transfer received
from the government.

The optimal allocation of expenditure across different goods yields the following demand func-

tions
Py(t)Cy(t)=(1-a)P()C(t) Pp(t)Cr(t)=aP()C(t)

PO -recrn 0= (HE) an

P (t)\ Pyry (1))
Cu;t)=|—=%~) Cul(t Cnrj(t) = | =) COnr(t
w0 = () cu 0= (F) Car o)
for all i € [0,1] and j € [0, 1]. Home CPI is defined as P = P}, ®Pg. The Imported goods Price
Index (IPI) is Pr = exp ( I 01 In Bdi) while the price index for tradable goods produced in country

1
.. _ 1 5l—c g-\1—¢
1is Py = (fo P;; dj) :
The problem of the representative household is to choose consumption, labor and investment
policies to maximize (1) subject to the budget constraint (2), given the exogenous demand for

foreign assets F'. In what follows I will specialize the period utility function to take the form

M (#)

U((J(t),L(t),P—(t)) —mo - O

1+

o ®

Under this specification the optimal consumption/saving policy is described by the Euler equation

dC (t)
(1)

—[i(0) = np () = p+ op (D or () + 0k (1) op (1) + ok (D) o ()] di + ol (1) dZ (1)

where pp and op are drift and diffusion of the CPIL, such that dP (t) /P (t) = up(t)dt +
o} (t) dZ (t). The labor supply policy is

10



while money demand is given by i (¢) J\C/[(—gt)) =C(t) P(t).

Foreign households have symmetric preferences and solve a similar problem. With a slight
abuse of notation, I denote with F; (t) = |, i Fhri (t) di the aggregate foreign-currency value of
Home bonds held by foreign households. As for F', I model foreign demand for domestic assets as
an exogenous process. Since each country has measure zero, Home assets represents a negligible
share of foreign housheolds’ portfolios.® Thus, shocks to the foreign demand for Home bonds do

not affect foreign prices nor aggregate quantities.

Firms

Each country produces a domestic variety of tradable goods. Each country’s tradable good is
produced in a measure one of varieties by a continuum of monopolistically competitive firms,

indexed by j € [0, 1]. Firms use the same technology, described by the production function
Vi (t) = L (t) 4)
for j € [0, 1]. The profits generated by a generic firm j are given by
dllp (1) = [Pry (8) Crrg () + € (t) Prp (8) Cppy (1) = (L= 7)) W (1) Lz (1)) dt

where Py ; is the Home-currency price of good j when it is sold in the Home country while P} ; is
the foreign-currency price of the good when it is sold abroad. Cy ; represents sales of the good in
the Home country while C7; ; represents its export. The Home policymaker is assumed to have only
limited fiscal instruments, a constant sector-specific labor subsidy 7 which is chosen to maximize
domestic welfare in steady state.

Firms face an identical isoelastic demand schedule for their own goods and set prices infre-
quently a la Calvo (Calvo (1983)). Each firm is allowed to reset its price only at stochastic dates
determined by a Poisson process with intensity #. Firms set their prices in domestic currency and

the law of one price holds:
Pu; (t)
(1)

Under this assumption there is perfect exchange rate pass-through as exchange rate shocks are

Py (t) =

transmitted one-to-one to import prices.!"The firm’s objective is to maximize the present dis-

counted value of its stream of profits, subject to the sequence of domestic and foreign demand

Provided |F* (t)| < oo forall t € [0, 7]

19This price-setting assumption is also known as Producer Currency Pricing (PCP) in contrast with Local Currency
Pricing (LCP). Under the latter, firms choose their domestic and foreign prices independently and the law of one price
does not hold.
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schedules. A tradable good firm that is allowed to reset its prices at time ¢ solves the following

problem

max = o~ (o+0) (k1) cCO)P) gn ' 1. |
PH,j(t)E [/t f C (k) P (k) {PHJ (t) Yu; (klt) — (1 — 7)) W (K) L5 (k]t)} dk]

subject to (4), where Yy ; (k|t) = (i’;ig)ie Yy (k).

International Financial Intermediaries

Households can freely trade domestic assets, i.e. domestic currency and bonds denominated in
domestic currency, but they are constrained in their holdings of foreign assets. Hence, imbalances
in financial markets might arise. In the global financial markets operate a mass one of financial
firms, that can invest in assets denominated in different currencies and are therefore able to absorb
any excess demand or supply. In order to do so, however, they require a premium in the form
of expected currency appreciation/depreciation. Financial intermediaries are owned by foreign
households and managed by their family members.!! Formally, each foreign household owns a
continuum of measure one of financial intermediaries, each managed by one of its family members.
Each intermediary is specialized in trading assets issued by a specific country. That is, the financial
intermediary specialized in country 7’s assets is restricted to hold a portfolio composed only of such
assets and domestic bonds.'?

In order to keep the analysis tractable I assume that the management of financial firms is a
short-term job. At time ¢, family members are randomly assigned to financial intermediaries. Each
manager then chooses a self-financed portfolio of domestic assets and assets issued by the country
in which her intermediary is specialized in. At time ¢ + dt, with dt | 0, they collect profits and
pay them back to the household, where they will be shared equally among all family members.
Managers are then randomly reassigned to new intermediaries and the cycle starts over. Consider
the problem facing the managers of financial intermediaries specialized in trading with the Home
country living in country 7. At time ¢, each of them chooses a portfolio of assets { Q7 ; (), Q, (t)}
subject to the balance sheet constraint

Qi (1)

WIOR 0 +Q;,; (t)=0

where ()7, is the Home-currency value of Home assets and ()}, is the foreign-currency value of

"'This assumption is made only to simplify the exposition and it is without loss of generality.
12This arrangement guarantees that in each market, domestic households and foreign investors have comparable
masses.
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domestic assets held by the intermediary. At time ¢ + dt, they collect returns and return to their

own households. Their istantaneous net portfolio return is

Qi (1)
(1)

Qi (1)
£ (t)

dvy (t) = (i (1) = & (1) — e (1) + of () o (1)) dt — ol (1) dZ (1)

Following Gabaix and Maggiori (2014), I will assume that the borrowing process is subject to
an agency friction that limits the size of the balance sheet of the intermediary and prevents per-
fect arbitrage between assets denominated in different currencies. At time ¢, after taking posi-
tions {Qj; (t),Q;, (t)}, managers can divert borrowed funds at rate ‘Qszgt)‘ (ol (t)oe (t)]T
per unit of time, where I';vo > 0.!3 Hence, the total amount of divertable funds is
[Qngt)} ’ [0l (t)oe (t)]"Tdt."* Notice that the manager, and implicilty the household owners
of the intermediary, has limited commitment before returns are realized but full commitment after
that. At ¢ + dt the financier is not allowed to default and any loss is absorbed by the household.
Since that of the financier is a short-term job, and there is perfect consumption insurance within
the household, managers will only care about the istantaneous expected return of their portfolio.

Hence, they will choose not to divert funds if the following incentive compatibility constraint holds

Qi (1)
£(t)

E[V; (1) > [ } (ol (1) e (1)] Tt )

Creditors correctly anticipate the incentives of the financier to divert funds and are willing to lend

as long as 5 holds. Therefore, financiers solve the following problem:

w0 BV (0= S 50— (0 pe () + o7 (D2 (0]
subject to E [dV;* ()] > [Q?Et()t)] [of (t)oe ()] Tat

Since the value function of the manager is linear in ()3, ;, while the credit constraint is convex, the

constraint will always bind and the solution to the manager’s problem yields the following demand

Qhi(t) _ i(t)—i*()—pe(t)+od (oe(t)
HONE r[a;(t)ag(t)]“

ple aggregation across countries yields the aggregate financial sector demand schedule for Home

for Home bonds:

. Since all foreign countries are identical, sim-

13Since the financial intermediary has no capital, the foreign-currency value of the funds borrowed is always equal
to | %5

, regardless of the positions the manager is taking.

4For the constraint to make economic sense it must be the case that ‘ Q? L

[O’;O’g]u I' < 1. That is, the financier

cannot steal more than 100% of the funds borrowed. In what follows I assume that the parameters of the model are
such that this condition always holds.
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assets:

Qu(t) _ / Qi (1) i) =i (1) — e (1) + o] (D) e (1) ©
e Jo £ ol (t)oe(t)]”

The financiers’ demand for Home assets is increasing in the excess return of Home bonds vis-
a-vis foreign bonds while it is decreasing in the volatility of the exchange rate. The parameter
I' determines the size of the balance sheet of the financiers and is therefore a (inverse) measure
of their risk-bearing capacity. The higher is I', the lower the financiers’ ability to sustain the
currency risk of their portfolio and the higher the required compensation per unit of risk. As
I' 1 oo then Q?H — 0 and financiers are unable to absorb any imbalance. Viceversa, as [' | 0 then
i —i* — g + ogoe — 0 and all bonds have the same expected rate of return, once measured
in the same currency. Financiers’ risk-bearing capacity is so high that they arbitrage away any
excess return. The parameter v governs the sensitivity of financiers’ demand to the volatility of the

exchange rate. As v | 0 the sensitivity decreases and financiers only care about excess return.

Central Bank

The Home central bank has two instruments to stabilize the domestic economy: monetary
policy and foreign exchange intervention. As is standard in the New Keynesian literature,
it is convenient to work with the cashless limit of the economy. Let ¢ (t) = i(t)((¢)
and take the limit for {M(t) ,5(75)} 1 0, such that M (t) = M (t) /(t) is finite. Then

aM () | _
M) |

the optimal money demand can be combined with the Euler equation to obtain E [
{z’ t)—pt)+[opt)+oc )] [(op(t)+0oc (t))]} dt. In the rest of the paper I will spec-
ify monetary policy in terms of an interest rate rule, with the implicit assumption that the central
bank chooses the appropriate path of money supply required to implement it.

The second tool, currency intervention, is the main focus of this paper. The Home cen-
tral bank can intervene in the asset market by buying and selling domestic and foreign bonds.
Unlike households, the central bank is not constrained in his holdings of foreign assets. Let
X)) = [ LH X, (t) di denote the foreign-currency value of the portfolio of foreign bonds held
by the central bank, i.e. its foreign reserves. The central bank funds its holding of foreign reserves
by issuing domestic bonds. Let X (¢) denote the amount of Home bonds held by the central bank.
Without loss of generality, since Ricardian equivalence holds, assume that the central bank has no
capital and rebates all profits and losses generated by its portfolio of assets to domestic households.

Its balance sheet equation is
EMX )+ Xu(t)=0 (7)

A (sterilized) foreign exchange intervention is any purchase/sale of foreign assets that alters the

relative supply of Home bonds. Through foreign exchange purchases the central bank increases
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foreign reserves (X (¢) 1) and increases the net supply of assets denominated in Home currency
(Xpg (t) }). Vice versa, foreign exchange sales reduce the amount of foreign reserves held by the
central bank(X (¢) |) and decrease the net supply of Home-currency bonds (X (f) 1). Notice
that, by focusing on the cashless limit of the economy, I am ignoring the currency component of
the balance sheet of the central bank. The central bank cannot increase (decrease) its holding of
foreign assets by issuing (purchasing) domestic currency. Thus, foreign exchange interventions
considered in this paper are sterilized interventions. Non-sterilized interventions can be modeled
as a combination of sterilized intervention and interest rate policy.

The net transfer to domestic households includes central bank’s revenues/losses and taxes

raised to finance the labor subsidy. It is given by
dT (t) = [Xp () (i (t) =& (t) = pe () = W () (rnr Lyr () + 7u L ()] dt=Xu (1) o2 (t) dZ (1)

Uncovered Interest Parity

This section characterizes the link between portfolio flows and exchange rates. The time-¢ market

clearing condition for Home bonds is:
D(t)+ Fy (t) + Qp (1) + X (1) = 0

Using financial intermediaries’ aggregate demand 6 I obtain the following arbitrage condition be-

tween Home and foreign bonds

D)  Fy(t)  Xu(t)

1) = (1) e () +oi (e () = -Tot o O] | 75+ Foy T

®)

This equation provides a link between the demand for Home-currency assets and the exchange
rate. The Home currency risk premium, on the left hand side of the equation, is proportional to the
volatility of the exchange rate and the excess demand for Home-currency bonds that is absorbed by
the financial sector. When international asset markets are imbalanced, the relative return of Home
and foreign bonds must adjust in order to induce financial intermediaries to absorb the imbalance.
The nominal exchange rate is the relative price between assets denominated in different currencies
and provides the adjustments necessary to clear the assets market. In the model deviations from the
Uncovered Interest rate Parity (UIP) are endogenous and proportional to the imbalances in demand
and supply of assets denominated in different currencies. When an excess demand for Home assets

arises (% + FSH(S) + Xul) O) the Home currency risk premium must fall in order to induce

E(t)
international financiers to take short positions denominated in domestic currency. This is achieved

through an expected depreciation of the Home currency (ug (t) > 0). Vice versa, when the supply
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of Home bonds exceeds their demand (% + FEPES) + Xg’f t()t ) < O), an expected appreciation of the

domestic currency raises its risk premium and induces international financiers to absorb the excess

supply of domestic assets.
By using the balance sheet equation of Home households, the excess demand for Home bonds

can be further decomposed as follows

i () =i () —pe () +of (D) oe (t) = =T [of (1) oe ()] 2‘8 " ?(S) —EO );I{(X)
C?]g]-/ Portfolio Fl Interventi

This decomposition highlights three sources of demand for Home assets. The first component is
associated with capital account, or net foreign assets, flows. These flows are induced by the desire
of the Home households to reallocate their consumption intertemporally and they are accompanied
by symmetric trade flows. The second component of the demand for Home assets is associated
with portfolio flows. Portfolio flows are induced by the desire of domestic or foreign households
to alter the composition of their portfolio of assets and therefore alter the country’s gross external
position. Without any form of asset markets segmentation, portfolio flows don’t have any impact
on the exchange rate as households in other countries would be willing to take the other side of the
portfolio as long as uncovered interest parity holds. However, when asset markets are segmented
the relative demand for domestic and foreign assets matter, and changes in countries’ gross external
position affect the path of the exchange rates. Shocks to portfolio flows will be the main focus of
this paper. Without loss of generality, I will assume F (t) = 0, Vt € [0, T] and consider shocks to
the foreign demand for domestic assets, FTH Althought I model these shocks as exogenous, shifts
in foreign investors’ demand for Home bonds capture a broad range of situations: they might be
triggered by shocks to the perceived risk of investing in the home country, or by shocks to the over-
all riskiness of the investor’s portfolio which induce yield-searching or safe-heaven type of flows,
or they may represent investor’s preferences for a particular country’s bonds. Importantly, these
shocks induce exchange rate fluctuations that would not arise in standard models with frictionless
asset markets. In this sense, they capture exchange rate movements that are not driven by standard
macroeconomic fundamentals. The last component of the demand for Home assets is given by the
central bank intervention. By expanding and contracting its balance sheet, the Home central bank
can alter the relative supply of assets and therefore the size of the imbalance that financiers must
absorb. As we have seen above, this affects the Home currency risk premium and therefore path of
the exchange rate. Formally, foreign exchange intervention is central bank intermediation of inter-
national flows that coexists and complements intermediation provided by financial intermediaries.

Foreign exchange intervention affects the exchange rate to the extent there exists limits to arbitrage
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in private intermediation, that is I" > 0.1

Equilibrium

Following the literature on open economies with incomplete markets, define the consumption
wedge as the marginal utility of a unit of Home currency for foreign households relative to Home

households. Formally
1 C(t)

)= ——
() Q(t) Cx

If international asset markets were complete and frictionless (I' = 0), marginal utilities in the

(€))

Home country and in the rest of world would grow at the same rate once converted in the same
units. Thus, A would be constant for all ¢ and the real exchange rate would be proportional to their
ratio: Q (t) Cc(t) This is the well-known Backus-Smith condition (Backus and Smith (1993))
when there is perfect risk sharing between Home and the rest of the world. This condition fails in

the present model since not only markets are incomplete but households have to trade with con-
strained financiers. Fluctuations in A introduce a time-varying wedge between the marginal rate of
substitution between foreign and domestic consumption and their marginal rate of transformation,
the real exchange rate. Using the Euler equations of domestic and foreign agents, we can derive

the law of motion of the consumption wedge:

o = [1() = () = pe (1) + 0 (H) e (t) + oy (1) (06 (1) +on (1) dt + oy (£)dZ(2)

(10)
where o = op + 0¢ — o¢. This equation establishes the link between the UIP condition of
the model, equation 8, and the dynamics of the consumption wedge. A fall in the Home currency
risk premium increases the consumption wedge, since it tends to reduce its drift <]E [%&g)] i).
Either domestic consumption increases relative to foreign consumption or the real exchange rate
appreciates, or both. The domestic currency is overvalued as the real exchange rate falls below
its efficient level, defined as the value that would arise under complete and frictionless markets
given the current relative consumption. Vice versa, an increase in the Home currency risk premium
reduces the consumption wedge and the domestic currency is undervalued, as the real exchange rate
raises above the level that would arise under complete and frictionless markets given the current
relative consumption. It must be stressed that the term efficient here is used to denote the globally

efficient allocation, i.e. the one that arises under complete markets. My focus however will be on

5In closed economy, similar forms of intervention have been studied in the context of large scale asset purchases
and unconventional monetary policy. See for example Gertler and Karadi (2011), Gertler et al. (2012) and Gertler and
Karadi (2012)
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the Home country. The Home policymaker might prefer allocations in which the real exchange

rate is undervalued/overvalued and thus differ from the global optimum.
Let Y, = [ fol Y (zf);1 dj] “fork = H , N'T" be aggregate domestic output in each sector.

Market clearing in the goods markets require
Vi (t) = Cn (t) + Cx (1) (11D

The labor market clearing condition is

1 1
L(t) = / L, (8)dj + / Lz, (8)dj = Ay (8) Yar (1 (12)

0 0
where Ay (t) = fol <1;§2j(g)>_6 dj is an index of price dispersion. The nominal wage level is

determined by the households labor supply schedule: W (t) = L (¢)* C (¢t) P (t). The law of

motion of Home net foreign assets, evaluated in foreign currency, is

dA (1) = [A"O) i+ (A% () + X5 1) (i (1) —i* —pe () + ol () ol (¢)]dt  (13)
Yy (t) — C(t) S (¢)
S(t)

- Prdt — (A% (t) + X5, (1) od (t) dZ (t)

where a dollar superscript denotes the foreign-currency value of the variable. This is the Home
country aggregate budget constraint. The real exchange rate is given by Q () = S(t)'"*. Fi-
nally, market clearing in the Home bonds market yields the UIP equation described in the previous

section
i(t) =i —pe (t) +og (o (t) = =T (0 () oe ()" (A° (1) + F7 () + X (1))

The model is closed by the firms pricing policies which determine the laws of motion of prices
and their dispersions. I will consider three different price-setting assumptions. First I will consider
the case of flexible prices. When firms are allowed to reset their prices at every ¢ then the optimal
pricing setting decisions are Py ; (t) = —5 (1 — 7) W (t). Second I will consider the extreme
case of rigid prices. Under this assumption firms are not able to change their prices at any point
in time. Therefore Py ; (t) = Py ; (0), Vt € [0, 00). Finally, I will consider the intermediate case

of staggered pricing. When firms are allowed to reset their prices only infrequently, PPI inflation

1—e
is given by 7y (1) = & {(?i—gg) — 1] , where Uy and Yy are expected present discounted
values of future revenues and costs in sector £, respectively. Their equations, together with the law
of motion of price dispersion, are reported in the appendix.

The next lemma characterizes the symmetric steady state of the economy and derives the opti-
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mal labor subsidy.

Lemma 1. Suppose prices are flexible, and there are no portfolio flows: F I§$ = 0. Then the

symmetric steady state of the economy has A = 1, A% = X}si[ = 0 and the optimal labor subsidy is

1
M(1—a)®

T =1-—

At a symmetric steady state, the central bank of the Home country does not manipulate the
exchange rate. This should not be surprising since at a symmetric steady state there are no capital
flows between the Home country and the rest of the world. Therefore financial market imper-
fections are mute in equilibrium. This result, however, highlights the fact that the use of foreign
exchange intervention in this model is not driven by mercantilist motives. The policymaker does
not have any incentive to sustain a permanently undervalued currency with the goal of increasing

foreign demand for domestic goods.

3 The Log-Linearized Model

In order to study the effects of portfolio flow shocks on the small open economy and characterize
the optimal policy response I use a log-linearized version of the equilibrium conditions described
in the previous section. Before doing so, however, in order to preserve the financial frictions that
is at the heart of the model I take the limit for v | 0. I characterize optimal policies by considering
a second order approximation of the welfare function around the deterministic steady state. The
optimal policies obtained from the solution of the linear-quadratic problem are linear and in many
cases an analytical solution can be derived. In what follows lowercase letters denote log-deviations
from steady state, if the variable has a non-zero steady state value. Otherwise, they denote simple
deviations from steady state.

The equations that approximate the local dynamics of the equilibrium around its steady state
are the log-linearized analogues of the stocahstic differential equations described in the previous

section. The consumption wedge and net foreign assets evolve as follows:

A\ (t) = =T (® (t) + f; (¢) + 2% (1)) dt (14)

da® (t) = (pa$ (t) —nA (1)) dt (15)

where 7 = a (1 — 3) P*C*, subject to the initial condition a® (0) = 0 and the terminal condition
lim_, o € "ta® (t) = 0. The laws of motion of domestic output and PPI inflation depend on the

price setting assumption. If prices are sticky then domestic output follows

dyi (1) = (i (6) = p— 7 (1) — A (1)) (16)
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while PPI inflation evolves according to
dry (t) = [prg — k(1 + ) yu (t) — arA (t)] dt (17)

where K = 0 (p + 6). These are the log-linearized IS and New Keynesian Philips curves of the
model. Notice that both the IS curve and the NKPC include an additional term that captures the
effect of the consumption wedge on tradable output and inflation. When prices are completely
flexible domestic output is proportional to the consumption wedge and it is given by yy (t) =
—a%)\ (t). Finally, when prices are completely rigid output is determined by yy (t) = e (t) +
(1 —a)A(t).

The loss function for the Home policymaker is derived from a second order approximation to
the domestic households’ utility, given in equation (1), and a second order approximation to the
Home country budget constraint, given by equation 13. Details of the derivation are provided in

the appendix. The policymaker wishes to minimize

L= % / e [ PyyYu (t)Z + OryTH (t)2 + A (t)2 + qux% (t)2 ] dt (18)
0
where
by = (1—a)(1+¢) bry = (1—a)s
o =  a(l-a) by = Qa(g_a)%

There are four sources of welfare losses. The first term captures the welfare cost of deviating
from the efficient level of output. The second term captures the welfare losses induced by inflation
through its effect on prices dispersion and domestic total factor productivity. The third term cap-
tures the welfare cost caused by an inefficient intertemporal allocation of consumption relative to
the path of the real exchange rate.'*The log-linearized consumption wedge is A () = ¢ (t) — ¢ (¢).
A positive consumption wedge is associated with an appreciation of the real exchange rate relative
to domestic consumption, while a negative consumption wedge is associated with a depreciation of
the real exchange rate relative to domesitc consumption. By iterating the budget constraint forward
and using initial and terminal conditions I obtain fooo e P\ (t)dt = 0. Thus, periods with positive
consumption wedge must be followed or preceded by periods with negative consumption wedge.
These fluctuations are inefficient since they reduce the present discounted value of the domestic
consumption stream. Domestic consumption is too high when the domestic consumption bun-

dle is relatively more expensive (appreciated real exchange rate) and too low when it is relatively

16 An additional term related to imperfect international risk-sharing appears in the quadratic loss function of many
models with incomplete markets. See for example De Paoli (2009) for a small open economy model and Corsetti et
al. (2010) for two-country model. In all these models, however, this additional term disappears when the elasticity of
intertemporal substitution and the elasticity of substitution between domestic and foreign goods are unitary.
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cheaper. A reallocation of consumption from periods with positive consumption wedge to periods
with negative consumption wedge would raise it’s present discounted value. Finally, the last term in
the loss function comes from a second order approximation of the Home budget constraint, given
by equation (13), and captures the monetary cost of using foreign exchange interventions. The
monetary cost arises from the fact that by intervening in the foreign exchange market the central
bank moves the excess return of domestic bonds vis-a-vis foreign bonds against its own positions.
For example, a foreign exchange purchase increases foreign reserves and reduces the central bank
holdings of Home bonds. By increasing the supply of Home-currency bonds, however, the central
bank depreciates the exchange rate and increases their return relative to foreign bonds, therefore
increasing the cost of funding reserves. Vice versa, a foreign exchange sale increases the central
bank holding of Home-currency assets and appreciates the exchange rate, reducing their return.
Since financiers must take the opposite position in order for markets to clear, returns adjust in their
favor and against the central bank.

The loss function is derived without specific assumptions about how prices are set (indeed
whether prices are sticky or not). This highlight the fact that the loss in welfare arises not specif-
ically from price stickiness but from prices that do not deliver the efficient allocation. In what
follows I study the effects of and characterize the optimal policy response to a shock to the foreign

demand for Home assets, f*. The next proposition defines the log-linearized planning problem

Problem 1. The planning problem is to choose an interest rate policy i (¢) and a foreign exchange
intervention policy :z:%, (t) that minimize (18) subject to (14), (15), (16), (17), and

dfip (t) = —of 3 (t) dt (19)

given initial conditions f}; (0) = ¢, a® (0) = 0 and the terminal condition lim;_,, e **a® (t) = 0.

4 Optimal Foreign Exchange Intervention

In this section I characterize the optimal use of foreign exchange intervention alone. That is, I
assume that the central bank commits to maintaining the nominal interest rate at its steady state
level (i (t) = p) and uses only foreign exchange interventions. I will study the planner problem
under flexible and rigid prices as these two extreme cases provide similar analytical solutions which
deliver sharp intuition for the underlying mechanism of the model. The intermediate case of sticky
prices will be analyzed in the next section when I will allow the central bank to use both foreign

exchange intervention and monetary policy.
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4.1 Optimal Foreign Exchange Intervention with Flexible Prices

In this section I characterize the optimal foreign exchange intervention policy under flexible prices.

With flexible prices, the planner problem can be simplified to

II;%IH % /000 e [¢"A (t)* + ot (t)2] dt

subject to 14, 15 and 19, given initial conditions fi¥(0) = &, a®(0) = 0 and the terminal
condition lim,_,., e ”a® () = 0. The relative weight on the consumption wedge is given by
oF = ¢y, (ﬁ) + ¢, and therefore includes both the welfare cost induced by output gaps and
that induced by an inefficient intertemporal allocation of consumption. I will consider the case
where the central bank can credibly commit at time ¢ = 0 to the entire future path of foreign
reserves. The next proposition characterizes the allocation implemented by the optimal foreign

exchange intervention policy.

Proposition 1. When prices are flexible and the central bank uses foreign exchange intervention,

the equilibrium of the model is

v—v T $
r A-A zy (1)
(=55 | 2F+es o5 (1)
= A + A *$ (t)

ptotv ' ptotr H

7(p+D) + v(p+v)

1’3}_[ (t) — __ A—A v— 27 pto+v p+od+v x% (t)
d $ . A—-A _AA@-v) _pA+vA ([ _A D(p+D) A v(pty) $ dt
a’(t) | = A+ A (a- )2 A-A A—Aptotv " A-A ptotv a® (t)
*$ +Aa o *$
i (1) 0 0 —0 i (t)

with | 23, (0) a*(0) fi#(0) |=|0 0 ¢|andv>v>0A>Aa>0

In order to describe the effects of portfolio flow shocks and the optimal policy response I
will focus on the case of an increase in the foreign demand for domestic assets, that is ¢ > 0.
Since the solution is linear, both the effects and the optimal policy response to a decrease in the
demand for domestic assets (¢ < 0) are symmetric. Figure 1 plots the allocation implemented
by the optimal foreign exchange intervention under flexible prices, in response to a time zero
positive shock to foreign investors demand for domestic assets, and compares it with the allocation

that arises without intervention. The analytical solution for the allocation without intervention is
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Figure 1: FX Intervention Under Flexible Prices
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reported in the appendix. The numerical simulation is meant to describe the qualitative properties
of the allocation and should not be thought of as a serious calibration exercise, for which the model
is clearly too stylized.

At t = 0 foreign households want to increase their holdings of Home bonds. The excess de-
mand for Home-currency assets generates an imbalance in the asset market that financiers will
have to absorb. The Home currency appreciates on the spot e (0) < 0 and depreciates in expec-
tation ¢ (0) > 0 such that the price of domestic assets increases and their foreign-currency return
falls. The excess return of foreign assets vis-a-vis domestic assets induces financiers to short Home
bonds until the imbalance is absorbed. The appreciation of the Home currency induce domestic
producer to reduce their prices and increases domestic PPI inflation, while the expected deprecia-
tion of the domestic currency increases import prices inflation. Both effects increase CPI inflation
and reduce the real borrowing cost for Home agents therefore inducing domestic household to ac-

cumulate debt. Foreign capitals flow into the Home economy &° (0) < 0 and finance a consumption
_ o 14p(@2-a)
boom ¢ (O) = QT/\ (O)

The appreciation of the exchange rate makes domestic goods relatively more expensive with
respect to foreign goods. Thus, both domestic and foreign demand for domestic goods decrease.
On the other hand, the fall in the real interest rate faced by Home households increases domestic
consumption and raises domestic demand. Domestic producers react to the loss in competitive-
ness by reducing their prices and increasing output. Even though prices are fully flexible, output
falls yu (0) = —155
mestic consumption pushes up wages and prevent prices from falling enough to restore full em-

A (0). This is due to a wealth effect on labor supply: the increase in do-

ployment. Therefore, a positive portfolio flow shock generates an immediate consumption boom
and a fall in output. As exports fall and imports increases, domestic terms of trade appreciate
s(0) = —%ﬁ;a))\ (0) and the trade balance turns negative nz (0) = —fX (0). This is however
not the end of the story, as the boom part of the cycle is followed by a bust. As domestic agents ac-
cumulate debt and foreign demand for domestic assets subsides, the imbalance in the asset market
changes sign and an excess supply of Home bonds arises. Financial intermediaries must absorb the
debt accumulated by the Home country and their portfolio shifts towards Home-currency assets.
The exchange rate falls below its steady state value and the initial dynamics are reversed. Con-
sumption falls below its steady state level, the trade balance turns positive and a positive output
gap emerges. Thus, portfolio flow shocks generate inefficient boom-bust cycles.

The optimal foreign exchange intervention leans against the wind and stabilizes the path of the
exchange rate. Following an increase in the demand for Home-currency assets, the central bank
increases the net supply of Home bonds x’% (0) < 0 and accumulates foreign reserves. By doing
so the central bank absorbs part of the imbalances arising in the international asset market and

reduces the impact of the portfolio flow shock on the exchange rate. The intervention reduces the
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initial appreciation of the domestic currency and moderates its expected depreciation. This, in turn,
increases the domestic real interest rate and smooths out the consumption boom. Smoothing out
consumption fluctuations increases domestic welfare for two reasons: it stabilizes domestic output
and it maximizes the present discounted value of consumption.

The optimal level of employment is chosen by the planner by maximizing (3) subject to the
technological constraint Y7 (t) = L (¢) and the market clearing condition, equation (11), given the
consumption/output possibility set implied by the value of the consumption wedge A. In the special
case of ¥ = 1 = ¢ = 1, the optimal allocation implies a constant employment N (¢) = (1 — a)ﬁ.
The possibility of altering the domestic terms of trade through foreign exchange intervention does
not alter the well known result, derived by Gali and Monacelli (2005) in a model with complete
markets, that under a Cole-Obstfeld parametrization a constant level of employment is optimal.
The presence of imperfections in international financial markets, however, affects the ability of the
planner to implement the optimal allocation. The labor subsidy that implements the efficient level

of employment is
_ a+(1—a)A(t)
M(1—a)A(t)

If markets are frictionless then A is constant and a constant labor subsidy is enough to render the

TOPT (1) =1

flexible price equilibrium level of employment efficient. When domestic consumption increases,
a depreciation of the exchange rate increases foreign demand for domestic goods. The increase
in foreign demand offsets the wealth effect on labor supply triggered by the increase in domestic
consumption. Hence employment remains constant. When international financial markets are im-
perfect and the exchange rate is determined by financial forces, this expenditure-switching mech-
anism breaks down. A positive portfolio flow shock simultaneously appreciates the exchange rate
and causes a consumption boom in the Home economy. The wealth effect on labor supply pushes
up wages and domestic prices while the appreciation of the exchange rate reduces foreign demand.
As a result, output and employment fall. In order to restore the efficient level of employment do-
mestic prices must fall, therefore the optimal labor subsidy increases. If fiscal policy is not flexible
enough to correct these distortions through an appropriate time-varying subsidy - as it is assumed
in this paper - fluctuations in consumption driven by portfolio flow shocks result in inefficient lev-
els of output. By stabilizing these fluctuations, the central bank reduces wage inflation/deflation
and mitigate the welfare losses caused by the associated output gaps.

The second reason for stabilizing consumption fluctuations has to do with dynamic terms of
trade management. An increase in Home consumption appreciates the terms of trade via two chan-
nels: the wealth effect on labor supply described above and the Home bias effect on domestic
demand. Since Home consumption is biased toward domestic goods, and the law of one price

holds, an increase in domestic consumption raises domestic demand for Home goods and appre-
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ciates the terms of trade. Therefore, domestic households consume more exactly when the cost of
their consumption bundle is high. The domestic planner would like to exploit its monopsonistic
power by reducing consumption and depreciating the terms of trade. Vice versa, a decrease in
domestic consumption below its steady state level depreciates the terms of trade and reduce export
revenues. The domestic planner would like to exploit its monopolistic power by increasing con-
sumption and appreciating the terms of trade. This logic is similar to Costinot et al. (2014), where
the planner wishes to manipulate the dynamic path of the terms of trade in order to maximize the
present discounted value of a time-varying endowment.

Despite the inefficiencies induced by fluctuations in domestic consumption, it is never optimal
for the central bank to fully stabilize the path of the exchange rate. The reason is that, by creat-
ing a wedge between the return of domestic and foreign assets, portfolio flow shocks are akin to
positive wealth shocks for the Home country. Although domestic households cannot fully exploit
the arbitrage opportunity provided by deviations from uncovered interest parity, the central bank
can. By leaning against the wind the central bank earns a positive return on its portfolio of assets
which is decreasing in the size of the intervention. As the central bank fully absorbs the demand
for Home assets, uncovered interest rate parity holds and domestic and foreign assets have the
same rate of return. Therefore it is never optimal to completely offset the premium generated by
the portfolio flow shock. In determining the optimal amount of stabilization the central bank trades

off the benefits that arise from the arbitrage opportunity and the inefficiencies described above.

4.2 Optimal Foreign Exchange Intervention with Rigid Prices

When prices are rigid the domestic terms of trade are given by s (t) = e (t). If the central bank
keeps the nominal interest rate at its steady state level (i (t) = p), then e () = —A(¢) and the
output gap is yy (t) = —aA (t). The planner problem becomes

min % /0 T (67N (1)% + ¢p2® (¢)?] dt
subject to 14, 15 and 19, given initial conditions £ (0) = ¢, a® (0) = 0 and the terminal condition
lim,_,o, e "*a® (t) = 0. The relative weight on the consumption wedge is given by ¢ = 2y, +
Pa.

The structure of planner problem is identical to the one solved under flexible prices. Therefore
also the solution has the same structure and it is reported in the appendix. The only difference
between the two problems is the relative weight that the planner attaches to the stabilization of the
consumption wedge. As showed in the previous section, when prices are flexible producers react to

a positive portfolio flow shock by reducing their prices in order to regain the competitiveness lost
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Figure 2: FX Intervention Under Rigid Prices
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due to the appreciation of the exchange rate. By doing so they increase production and mitigate
the negative impact of the shock on domestic output. When prices are rigid this mechanism is shut
off. Now domestic prices remain too high not only because of the wealth effect on labor supply
triggered by the consumption boom, but also because of the nominal friction that prevents domestic
producers from adjusting them downwards. As a result of price rigidity, domestic demand remain
constant since the increase induced by the consumption boom perfectly offsets its fall due to the
appreciated terms of trade. Foreign demand, on the other hand, falls sharply as the foreign price of
domestic goods increases one-for-one with the nominal exchange rate. The fall in output is more
severe and the welfare cost of a portfolio flow shock increases. Notice, however, that the path of
the consumption wedge is unaltered by the presence of nominal rigidities. Thus, the increase in
the welfare cost of the shock comes entirely from wider fluctuations in output.

With rigid prices the central bank responds to an increase in the foreign demand for Home-
currency assets by increasing their supply more aggressively. When prices are flexible the main
goal of the intervention is to mitigate the depreciation of the exchange rate that follows the portfo-
lio flow shock. Since producers are allowed to adjust their prices freely, the nominal appreciation
of the exchange rate per se does not generate any welfare loss. When prices are rigid, however, the
nominal appreciation reduces the competitiveness of domestic goods abroad and causes a bigger
fall in output. Now the central bank has an additional goal as it wishes to stabilize not only the dy-
namic of the exchange rate, but also its level. By fighting the appreciation, the intervention reduces
the foreign price of domestic goods and sustains foreign demand. This is the “monetary” aspect
of foreign exchange interventions: the central bank leans against the wind in order to mitigate the

effect of the portfolio flow shock on the competitiveness of domestic exports.

4.3 Optimal Foreign Exchange Intervention Rule

Under both flexible and rigid prices the planner problem has the following structure

$
Ty

min | /O e oA (02 + o (7] de

subject to 14, 15 and 19, given initial conditions f;¥ (0) = ¢, a® (0) = 0 and the terminal condition
limy o e "*a® (t) = 0. In order to gain more intuition on how the central bank uses foreign
exchange intervention, in the next lemma I characterize the optimal intervention rule in terms of

endogenous variables.

A(t)
a® (t) | dt with
'y (t)

Lemma 2. The optimal foreign exchange intervention rule is dx% (t) =V
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Lemma 2 shows how the central bank can implement the optimal foreign exchange interven-
tion. The central bank uses foreign reserves as a state variable 2%, (0) = —2% (0) = 0 and commits
to alter the supply of Home-currency bonds as a function three implicit targets: the consumption
wedge )\, Home net foreign assets a® and foreign reserves x*. The first target of the intervention,
the consumption wedge A, captures the goal of macroeconomic stabilization pursued by the cen-
tral bank. Since W, < 0, the central bank commits to increase the net supply of domestic bonds
(2§; 1) when the consumption wedge is positive and to reduce it (z%; 1) when it is negative. The
stabilizing effect of such policy can be understood by looking at equation (14). By iterating it

forward we obtain -
AH) =T / (a (u) + 5 () + £ (W) du (20)
t

The term in parenthesis is the size of the time-u imbalance in the Home assets market that is
absorbed by the financial sector. Thus, the consumption wedge at time ¢ is equal to the present

discounted value of all future imbalances, where the discount term is constant and given by I'. If
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A(t) > 0 then the present discounted value of future demands for domestic bonds exceeds the
present discounted value of future supplies. Financial intermediaries expect to be, on average,
short Home assets. The exchange rate is below its steady state value and is expected to depreciate
in order to compensate them. The fall in the return of Home assets reduces the borrowing cost for
domestic households and a positive consumption wedge arises. By committing to increase the sup-
ply of domestic bonds the central bank reduces the present discounted value of future imbalances
and reduces the consumption wedge. Vice versa when a negative consumption wedge arise, the
Home central bank stabilizes the return of domestic assets by commiting to decrease their supply.
The second target of the optimal foreign exchange intervention, net foreign assets, captures its pre-
cautionary aspect. Since ¥V, > 0, the central bank commits to increase the net supply of domestic
assets when the country is a net debtor and to decrease it when the country is a net creditor. By
doing so the central bank moves the return of domestic assets against the position held by domes-
tic agents. Ceteris paribus, an increase in the net supply of domestic assets increases their return
making borrowing more expensive for Home households. Vice versa, a decrease in the net supply
reduces their return and the incentive to save. The logic behind this type of intervention is purely
precautionary. By committing to increase the cost (reduce the profitability) of their positions, the
central bank discourages domestic households from accumulating assets. Once the portfolio flow
subsides, these assets will have to be absorbed by financial intermediaries causing the same types
of inefficiencies generated by the initial phase of the cycle. Thus, by discouraging a build up in
imbalances the central bank mitigates the severity of the bust phase of the cycle. Finally the third
target of the intervention, the level of foreign reserves, captures the monetary cost of the interven-
tion. Since W, > 0, the central bank commits to increase (decrease) the supply of domestic bonds
and accumulate (decumulate) foreign reserves when they are below (above) their steady state level.
The monetary cost of the intervention arises from the fact that when the central bank intervenes in
the asset market it moves returns against its own positions. Notice also that, since holding reserves
is costly, the central bank optimally smooths out the intervention rather then intervening aggres-
sively at the time of the shock. Att¢ = 0, following a positive portfolio flow shock, the central bank
keeps reserves at their steady state level and increases the supply of domestic bonds only gradually
over time.

The comparative statics results reported in Lemma 2 shed some lights on the determination of
the weights that the central bank attributes to the three implicit targets. As the portfolio flow shock
becomes more persistent (0 ), the central bank reduces the weights on the consumption wedge and
net foreign assets while it increases the weight on foreign reserves. This reduces the duration of
the intervention vis-a-vis the persistency of the shock. Vice versa, when the shock is temporary the
central bank reacts more aggressively to the consumption wedge and the net foreign assets postion

of the Home country, while simultaneously increasing the persistency of the intervention. As the
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desire for stabilization increases (¢ 1), the central bank reacts more aggressively to deviations of
the consumption wedge and net foreign assets, while its effect on the duration of the intervention
depends on the persistence of the shock. When the portfolio flow shock is very persistent (9 | 0)
an increase in the desire for stabilization leads to a more aggressive but less persistent intervention.
Vice versa, when the portfolio flow shock mean-reverts quickly (6 1 0o) an increase in the desire
for stabilization increases the duration of the intervention. Intuitivelly, in the former case it is
optimal for the central bank to front-load the intervention since its cost will be relatively constant
across time, while in the latter case it is optimal to smooth out the intervention since its cost is
lower in the future. Finally, a decrease in the risk-bearing capacity of the financial sector (I" 1)
increases the cost of the intervention. As a result, the central bank will reduce its weight on the
consumption wedge and reduce the duration of the intervention (W, 7). If the portfolio flow shock
is very persistent, the central bank also reduces the weight placed on net foreign assets. Vice versa,

if the shock is temporary the central bank stabilizes capital account imbalances more aggressively.

5 Optimal Monetary Policy and Foreign Exchange Interven-

tion

5.1 Optimal Monetary Policy

Before characterizing the optimal currency intervention with sticky prices, it is instructive to under-
stand the role played by monetary policy. In this section I characterize the optimal use of monetary
policy in response to portfolio flow shocks, assuming that the central bank does not intervene in the
foreign exchange market. With sticky prices, the planner’s problem is the one described in Prob-
lem 1 with x% = (. The next proposition characterizes the allocation implemented by optimal
monetary policy under full commitment. For simplicity, I will ignore the issue of the zero lower

bound on the nominal interest rate.

Proposition 2. When prices are sticky and the central bank uses monetary policy only, the equi-

librium of the model is

0 Byt T
¢Trw yH (t>
A | ptv ar_ptv s
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™ R 0 5 (1
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where the states | y; o f} | evolve as
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In the previous sections we have seen that a positive portfolio flow shock appreciates the ex-
change rate and reduces the domestic real interest rate. The latter effect triggers a consumption
boom which reduces output and the present discounted value of the consumption stream. The
appreciation of the domestic currency, on the other hand, increases the foreign price of domestic
goods which, if prices are sticky, depresses domestic output even further. One might naively guess
that, in analogy with the use of foreign exchange intervention, the central bank should tighten
monetary policy in order to mitigate the consumption boom and its negative effects on domestic
welfare. This logic however does not take into account the effects of such a policy on the price of
domestic assets and their returns. An increase in the nominal interest rate would make domestic
assets even more attractive for foreign investors. In order for markets to clear, the exchange rate
would have to appreciate even more, depressing foreign demand further. Therefore, by simulta-
neously reducing domestic consumption and domestic demand, a tighter monetary policy would
cause a bigger fall in output.

A quick inspection of the equations in Proposition 2 reveals that the consumption wedge A and

the foreign-currency value of the Home net foreign asset position a®

are independent of the degree
of price stickiness and of the output gap. Hence monetary policy is unable to affect them. By
using the domestic and foreign demand schedules we can rewrite the consumption wedge as the

gap between domestic and foreign demand:
A(t) = cn (t) = cjy (t)

Monetary policy moves domestic and foreign demand in the same direction, therefore it has limited
power in reducing the tension between them generated by the portfolio flow shock. In the special
case considered in this paper where all elasticities of substitution are equal toone (y =n =¢ = 1),
the effects of monetary policy on domestic and foreign demand have exactly the same magnitude.
Thus, their ratio is independent of the path of the nominal interest rate chosen by the central bank.
This result has two striking implications. First of all, monetary policy cannot be used to maximize
the present discounted value of the path of domestic consumption as it cannot simultaneously

reduce consumption and depreciate the terms of trade. Second, its ability to reduce the output
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Figure 3: Monetary Policy
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gap is limited by wages inflation triggered by the consumption boom. Figure 3 plots a numerical
simulation of the allocation implemented by the optimal monetary policy and compares it with the
flexible prices allocation when the central bank does not intervene in the foreign exchange market.
In response to a positive portfolio flow shock, the central bank reduces the nominal interest rate
and reduces the attractiveness of domestic assets. This depreciates the exchange rate and helps
domestic producers to reduce the foreign price of domestic goods. The expansionary monetary
policy also increases domestic consumption and therefore domestic demand. This reduces the
output gap even further but exacerbates wages inflation triggered by the portfolio flow shock and
eventually leads to positive PPI inflation. Portfolio flow shocks act as markup shocks for the small
open economy. Hence monetary policy cannot simultaneously set the output gap and inflation to

Z€r0.

5.2 Optimal Monetary Policy and Foreign Exchange Intervention

In this section I consider the case where the central bank uses both tools available: foreign ex-
change intervention and monetary policy. The planner’s problem is the one described in Problem
1. Unfortunately the problem does not admit a closed form solution. Figure (4) depicts the optimal
allocation with both foreign exchange intervention and optimal interest rate policy, together with
the allocation with foreign exchange intervention only (and i () = p).

In dealing with the effects of portfolio flow shocks the central bank optimally uses both instru-
ments. Foreign exchange intervention and monetary policy are complementary tools rather than
substitutes. In the previous sections I showed how Foreign exchange intervention is the appro-
priate tool to smooth out consumption fluctuations. It allows the planner the choose the welfare-
maximizing consumption path by trading off the benefits and costs of the real interest rate shocks.
However, when foreign exchange intervention is used also to reduce the output gap this leads to
an excessive stabilization. Monetary policy can help in reducing the output gap and mitigate this
burden. However, as I’ve explained before, monetary policy can only move the allocation along
an inefficient IS curve. Without a state-contingent labor subsidy, foreign exchange intervention is
still used to shift the IS curve closer to efficiency. The two tools are devoted to disjoint objectives
only in two cases. When # — 0 and prices become fully rigid, the central bank can use monetary
policy to fully stabilize output and use foreign exchange intervention to select the efficient path of
domestic consumption. This is true also when an appropriate state-contingent labor subsidy is in
place. In this case monetary policy is used to deal with nominal rigidities as it can simultaneously
stabilize inflation and the output gap. This is in sharp contrast with the standard view of foreign

exchange interventions which emphasizes their “monetary” aspect.
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Figure 4: FX Intervention and Monetary Policy Under Sticky Prices
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6 Conclusions

I consider a New Keynesian model of a small open economy where international financial mar-
kets are imperfect and the exchange rate is determined by capital flows. I use this framework to
study the effects of exchange rate fluctuations driven by capital flows and characterize the optimal
foreign exchange intervention. Capital flows shocks cause inefficient exchange rate fluctuations
that trigger boom-bust cycles in the domestic economy. The optimal policy response is to partially
stabilize these fluctuations using both foreign exchange intervention and monetary policy. The op-
timal foreign exchange intervention leans against the wind and stabilizes the path of the exchange
rate: following an increase (decrease) in the foreign demand for domestic assets, the central bank
increases (decreases) their net supply and accumulates (decumulates) foreign reserves. By doing
so the central bank stabilizes the path of the exchange rate and smooths out fluctuations in domes-
tic consumption. Simultaneously, the central bank reduces (increases) the nominal interest rate in
order to reduce the relative price of domestic goods and mitigate the output gap. Foreign exchange
intervention is not a mere substitute for monetary policy. Rather, the two tools complement each

other.
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