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I. INTRODUCTION

Despite the move toward greater exchange rate flexibility over the past 30 years, many
central banks—including some with inflation-targeting frameworks—seem to have twin
objectives of price stability and (at least some degree of) exchange rate stability.> The
principal instruments at their disposal are the policy interest rate and sterilized intervention in
the foreign exchange (FX) market.> But in the canonical New Keynesian model (e.g. Gali
and Monacelli (2005)), the policy interest rate suffices for stability because the two objectives
of stable inflation and a zero output gap coincide (the ‘divine c oincidence’): there is no
exchange rate objective, and therefore no need for FX intervention. Our purpose in this paper
is to examine whether shocks (e.g., “risk-on/risk-off” episodes) in international capital
markets can give rise to a micro-founded rationale for sterilized intervention to stabilize the
economy and to analyze how FX intervention affects the credibility of an inflation targeting
regime.

Our framework, building on the canonical New Keynesian model, incorporates three key
features. First, the existence of shocks in international capital markets that result in
variations in the cost of capital to the economy. Second, financial frictions in international
capital markets that break uncovered interest rate parity (UIP), and render sterilized
intervention effective through a form of portfolio balance channel. Third, a working-capital
requirement for firms’ production that amplifies the effects of the capital market shocks on
the real economy.*

The issues we examine are of salience to both emerging market and advanced economies. As
is well known, many emerging market central banks exhibit a “fear of floating” (Calvo and
Reinhart (2002)), and will often respond to capital inflow surges and sudden stops using
monetary and exchange rate (FX intervention) policies. Increasingly since the global
financial crisis, however, central banks of small, open, advanced economies have started
intervening in the foreign exchange market as well. For instance, in September 2012, faced
by a combination of low growth, negative core inflation, and weak credit, the Czech National
Bank (CNB) signaled that it was considering using FX intervention as an additional
instrument against a strengthening currency (IMF (2013)). In November 2013, the CNB
calibrated its exchange rate target to its effect on aggregate demand and inflation and began
intervening in the FX market, which proved effective in anchoring exchange rate and
inflationary expectations, thus boosting aggregate demand (Alichi et al. (2015)).

2According to the IMF classification, around one-third of all countries either de jure or de facto manage their
exchange rate.

3Sterilized intervention consists of the central bank purchasing or selling foreign currency-denominated assets
with corresponding sales or purchases of domestic currency assets in order to leave the money supply

unchanged. If FX intervention is not sterilized, then it does not constitute a separate instrument from monetary
policy.

4See Farhi and Werning (2014) or Woodford (2012) for models in which financial frictions justify the use of
capital controls or unconventional policies. In practice, FX intervention is the most commonly used tool after
the policy interest rate.



Switzerland provides a similar example, albeit with an additional twist. As the Euro crisis
reduced investors’ appetite for Euro-denominated assets, financial flows to Switzerland
threatened to appreciate the Swiss Franc above the ceiling announced in 2011 by the Swiss
National Bank (SNB). The central bank backed the announcement with aggressive
intervention, leading the SNB’s reserves to swell above US$ 500 billion in 2013, more than
doubling its stock of reserves (IMF (2014)). Although the policy was initially effective in
mitigating capital inflows and stabilizing the exchange rate, a renewed wave of capital
inflows at the end of 2014 (driven by poor Euro area prospects and ECB quantitative easing)
made the situation untenable: not only was reserve accumulation becoming very costly, but
there were also fears that markets were anticipating a revaluation, and that such expectations
would result in a self-fulfilling strengthening of the currency as the ballooning reserves
became unsustainably costly to hold. In short, one policy instrument was not enough to
contain speculative flows and the Swiss National Bank decided to cut its policy rate from
-0.25 to -0.75 percent in January 2015.5

These examples are illustrative of the potential sources of instability against which monetary
and exchange rate (FX intervention) policies may be useful. In the Czech case, the country
was facing a real shock to aggregate demand against which the additional instrument of FX
intervention proved effective. In the Swiss case, there was the additional risk of self-fulfilling
exchange rate expectations driving the currency to arbitrary levels—a sort of “reverse
speculative attack” wherein investors, anticipating a strengthening of the currency, force the
revaluation of the exchange rate.

The framework we develop is well-suited to analyzing optimal policy in the face of such
instabilities—in particular, when there are shocks in international capital markets. These
shocks have been well recognized in the literature, and Itskhoki and Mukhin (2017) have
shown that they are prime candidates to explain a range of puzzles in the economics of
exchange rates. We begin by showing that these shocks break the “divine coincidence” and
make sterilized intervention a valuable addition to the central bank’s policy toolkit. We then
show that under discretionary policies, the availability of FX intervention helps reduce the
“stabilization bias” associated with the central bank’s lack of commitment (Clarida, Gali and
Gertler (1999)), where the benefit depends on the degree of openness of the economy.
Finally, we show how the availability of FX intervention as policy instrument can reduce the
zone of equilibrium indeterminacy (which we interpret as the zone where speculative attacks
are possible), thereby contributing to stability and to the credibility of inflation targeting.

Our contribution to the existing literature is threefold. First, we propose a simple model of
FX intervention in a New Keynesian Model where sterilized intervention is effective because
domestic and foreign investors do not internalize risk premia in the same way (domestic
investors rationally expect a bail-out, whereas foreign investors rationally expect a bail-in),

>Of course, similar stories could be told of central banks that attempted to limit depreciation using FX
intervention and eventually had to raise rates. In fact, most central banks have followed such strategies in the

major currency crises — e.g. Mexico in 1994; Thailand in 1997; Brazil in 1998; Russia in 1998; etc — albeit
with limited success.



thus breaking the uncovered interset parity.

Second, we derive closed-form solutions for the optimal policy of the central bank, under
discretion. Our results show that FX intervention can “lean against the wind” and can offset
changes in the risk appetite of foreign investors. However, since FX intervention carries
welfare costs (because it affects the international asset position of the economy), the central
bank only partially offsets shocks to risk appetite. We also show that the welfare benefits of
using FX intervention (in addition to interest rate policy) are sizable, at around 0.4 percent of
permanent consumption for a standard calibration of the model. The benefits of using FX
intervention are null for fully closed economies or for economies where all goods are
imported, but they are maximal when two thirds of the consumption basket is imported.

Our third contribution is to show the importance of the financial accelerator for equilibrium
indeterminacy, and to highlight that FX intervention can play a useful rule to limit the risk of
self-fulfilling, “expectational”, bubbles in the exchange rate. We show in particular that
central banks that are more willing to use the two instruments they have at hand (FX
intervention and conventional interest rate policy) are less likely to face risks of equilibrium
indeterminacy.

Our paper is related to the literature on third generation speculative attacks and sudden stops
(Krugman (1999); Aghion, Bacchetta and Banerjee (2000); Mendoza (2010)), since we show
how financial frictions increase the welfare costs from capital flow volatility as well as the
risk of equilibrium indeterminacy. However, the New Keynesian modeling strategy we adopt
makes our paper closest to Farhi and Werning (2014), who show how capital controls are
useful instruments in economies hit by shocks to capital flows, and to Cavallino (2016), who
includes Gabaix and Maggiori (2015)’s microfoundation of FX intervention in a New
Keynesian Model solved under commitment.

The paper is organized as follows. Section II discusses the relevant literature. Section III
presents the open economy model, in particular the mechanics of FX intervention, as well as
a log-linearized version of the model. Section IV describes optimal stabilization policy
following shocks to risk appetite in international capital markets, and explains how the use of
foreign exchange intervention can help reduce the volatility of the economy. Section V shows
that central banks worried about self-fulfilling currency movements should be willing to use
both interest rate policy and FX intervention. Section VI provides some concluding remarks.

II. RELATED LITERATURE

There is a large empirical literature on the effectiveness of intervention and its channels of
transmission, but it is beyond the scope of this paper to review it here.® The recent literature
that uses intraday data has been in general supportive of the effect of intervention on the

8Surveys include Sarno and Taylor (2001) and Neely (2005). Disyatat and Galati (2007) and Menkhoff (2013)

are more recent surveys that focus on emerging markets.



exchange rate, at least in the short-term (Melvin et al (2009), Dominguez (2006)), although
the significance of intervention is likely to depend on the communication policy of the central
bank. For instance, Dominguez et al. (2013) find that irregular, discretionary, interventions
had no impact, whereas regular sales of reserves did. Although some of the empirical
literature findings are consistent with the theoretical prior that the portfolio balance channel
is likely to be most relevant for emerging markets, where the domestic bond markets are
smaller than for major industrial countries (Ghosh (1992); Disyatat and Galati (2007)),
Dominguez and Frankel (2005) find that the portfolio channel has been significant even for
the US and Germany.

Macroeconomic models have usually assumed that the portfolio balance channel is operative,
following on the tradition of Kouri (1976) and Branson and Henderson (1985), and to some
extent because modeling the other channels (credibility channel and market micro-structure
channel) would involve departing significantly from the standard macro framework. Most of
the literature has simply assumed some form of financial frictions that make imperfect asset
substitutability hold. This is how Schmitt-Grohe and Uribe (2003)) close a linearized open
economy model, for instance. Blanchard, Giavazzi and Sa (2005) also assumes that the risk
premium is as a function of the share of different currencies in the US investor portfolio, and
Benes et al. (2015) include sterilized intervention in a new Keynesian model assuming the
portfolio balance channel is working.

Critiques of this approach, in particular Backus and Kehoe (1989), have noted that sterilized
intervention would have no effect on the risk premium if it has no fiscal implications beyond
the currency composition of debt, even taking into account imperfect asset substitutability.
This argument had a strong influence on the literature, contributing to the smaller role of FX
intervention in open economy macro models (Blanchard et al. (2005)). However, there are
several theoretical reasons why FX intervention could nonetheless matter. Kumhof (2010)
noted that argument of Backus and Kehoe (1989) relies on the assumption that any policy is
available, whereas in practice fiscal policy tends to either be exogenous or to follow rules.
Gabaix and Maggiori (2015) explicitly model imperfect international financial intermediation
and show how FX intervention that changes the balance sheet of financial intermediaries is
effective. Cavallino (2016) integrates this framework in a New Keynesian open economy
model to discuss the benefits of using FX intervention under commitment. Since our paper’s
contribution is on the dynamic implication of FX intervention for monetary theory, rather
than on its finance micro-foundation, we stick to the simpler macroeconomic tradition of
Branson and Henderson (1985) and Blanchard et al. (2005), and do not further analyze the
foundation of the portfolio balance channel.

The existence of a risk premium is not, however, sufficient to ensure that sterilized
intervention is effective or needed. As in Gabaix and Maggiori (2015) and Cavallino (2016),
we also postulate the presence of financial frictions; this allows us to model deviations from
the divine coincidence and from the UIP. To break the divine coincidence, we assume that
exogenous shocks to foreigners’ risk appetite (the shocks analyzed by Itskhoki and Mukhin
(2017) and which could be proxied by movements of the VIX index) change the cost of
borrowing of the Home country. These shocks drive a wedge in the Backus-Smith condition,
i.e., a wedge between the consumption plans of Home households and Foreign households



(e.g., a higher risk premium lowers consumption at Home) and such volatility reduces
welfare. FX intervention can mitigate this wedge in our model if it affects the discount rate of
Home households and Foreign households differently. Sterilized intervention is not a perfect
instrument to offset shocks to the foreign demand for bonds, however, because the use of FX
intervention is limited by a budget constraint.

Our paper focuses on the role of FX intervention under discretionary policy. In the standard
open economy New Keynesian Model, ‘conventional” monetary policy (which we will also
call ‘interest rate policy’) is sufficient to guarantee the stability of the economy because: (i)
the two objectives of stable inflation and zero output gap coincide ; and (ii) because
equilibrium uniqueness is ensured under optimal policy. We discuss the role of FX
intervention in cases where either (i) or (ii) is not guaranteed.

The first such case is the occurrence of exogenous shocks that affect the economy’s dynamics
and that cannot be perfectly offset with conventional monetary policy, for instance by
choosing a nominal interest rate such that the real interest rate is equal to the natural rate of
interest.” These shocks are often represented as additive factors in the Phillips curve
(‘cost-push shocks’). We show in this paper that shocks to the risk appetite of foreign
investors (“VIX shocks”) distort domestic consumption and cannot be fully offset with
conventional monetary policy. FX intervention is useful because it allows the central bank to
target a level of domestic consumption and get a second handle on macroeconomic dynamics,
thus improving the credibility of the central bank's inflation targeting regime. We show that
the discretionary bias (Clarida et al. (1999)) is mitigated, and that the welfare losses due to
the shock to risk appetite are lowered, through the use of FX intervention.

The second case in which FX intervention is useful is when there is a risk of self-fulfilling
currency movements. In the standard open economy New Keynesian Model, equilibrium
determinacy is guaranteed even under discretionary policy (Gali (2008)). But in open
economy models that incorporate financial frictions (for instance, the effect of the exchange
rate on balance sheets and borrowing costs), multiple equilibria are possible (see Aghion et
al. (2000) and Aghion, Bacchetta and Banerjee (2004), who follow the tradition of
third-generation models of speculative attacks, as in Obstfeld (1986) and Krugman (1999)).
Surico (2008) also showed that when the cost channel of monetary policy —a form of
financial friction— is present, monetary policy in the absence of a commitment technology
may not guarantee determinacy. Accordingly, in this paper, we also investigate the
importance of FX intervention in reducing this risk of indeterminacy.

Our paper is closest to that of Farhi and Werning (2014) and of Cavallino (2016), although
both papers focus on optimal policy under commitment whereas we focus on optimal
discretionary policy. Farhi and Werning (2014) develop a New Keynesian open economy
model where the Home country is affected by risk premium shocks but whose central bank
can use capital controls as well as monetary policy to stabilize output and inflation. Cavallino
(2016) develops a similar model, but integrates the financial intermediary of Gabaix and

"The natural rate of interest rate is the rate that would prevail for in the equilibrium with flexible prices.



Maggiori (2015) to model the effect of FX intervention. A main difference with our paper is
that we focus on discretionary policy; this also allows us to find closed-form solutions which
are more easily interpretable.

Although our paper is specifically interested in FX intervention, other instruments may be
available for central banks who seek to influence economic activity and the exchange rate.
These include quantitative easing, macro-prudential policy, capital controls, although in
practice FX intervention is the second most commonly used instrument after the policy
interest rate (at least for emerging market economies’ central banks; see Ghosh, Ostry and
Qureshi (2017)). This paper is thus related to the literature on second instruments, for
instance Farhi and Werning (2012), which discusses the role of capital controls in models
with shocks to international risk premia; Curdia and Woodford (2011), which analyzes the
role of quantitative easing in models with frictions in financial intermediation; Woodford
(2012), which discusses the role of macroprudential policy in a similar setting, and Alla,
Espinoza and Ghosh (2016), which gives general results on the use of second instruments in
New Keynesian models.

III. A SMALL OPEN ECONOMY

We extend a standard open economy New Keynesian model, adding a financial friction and
FX sterilized intervention, which is effective because of a portfolio balance effect. We begin
with the optimization problems of the representative household and of the representative
firm before discussing central bank policy.

A. Households

There is a continuum of countries indexed by ¢ € [0, 1] but we focus on a single country,
called Home, and denoted by the subscript /. In each country, the representative household’s
utility function is:
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where [V, is the quantity of labor supplied and C; is aggregate consumption at time ¢ defined
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where j € [0, 1] is the index of individual good variety produced domestically, ¢ is the
elasticity of substitution between domestic goods, -y is the elasticity of substitution between
foreign goods, and C; ; is the consumption basket imported from country ¢, aggregated across

products indexed by k: C;; = (fo1 Cia(k) = dk) - ’

The openness parameter « is a measure of home bias: when o — 0, the share of foreign
goods in domestic consumption reaches 0 and the economy can be considered closed.
Conversely, when o — 1, the economy is fully open and since the country’s size is
infinitesimally small, the share of domestic goods in Home consumption is 0. The
corresponding Consumer Price Index (CPI), domestic Producer Price Index (PPI) and
Imported Price Index (IPI) are :

1 1
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Domestic households can borrow and lend using risk-free domestic assets. However, we
assume that domestic households can only use domestic bonds, contrary to foreign investors
who can buy either domestic or foreign bonds (for more details, see Section III.C). The
portfolio of the domestic representative household is then made of D | units of domestic
bonds and S?_, units of sterilization bonds sold by the central bank in period ¢ — 1, both of
which pay the home interest rate 7;_;.

Thus, the (domestic) representative household’s problem is to maximize (1) subject to the
sequence of budget constraints, for each period ¢:

1 1 1
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0 0 0
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where all the variables, which we will describe now, are expressed in domestic currency. W,
IT,, T/"™ and T?°" are respectively the nominal wage, profits and lump-sum transfers from
the firms and the government. IT,, 7™ and 77" are rebated to the representative
household. th ™isa lump sum tax imposed to households to finance the domestic investors’
bail-out when the government defaults (see Section III.C for details about the effect of FX
intervention).

B. Firms

A typical firm j in the domestic economy produces a differentiated good (also indexed by j)
under monopolistic competition with a linear technology using labor as unique input:

Yi(7) = AaNi(j)
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where Ay is (domestic) labor productivity (which is assumed to be constant in this paper).

A simplified financial accelerator for domestic firms is included in the model: at the
beginning of each period, firms must borrow a fixed fraction p € [0, 1] of the nominal value
of output Pp+(j)Y:(j) they intend to produce. This cost captures working capital
requirements at the beginning of the period, used to pay for labor costs or cover other
liquidity requirements.

These short-term loans require repayment at the end of each period, after production takes
place. Firms thus deduct from their profits the interest costs of working capital requirements,
which are charged at the current interest rate ¢; by the domestic investor (and thus are paid as
a lump-sum transfer to the representative household). The financial friction has no direct
impact on the country’s aggregate wealth since this interest cost is charged domestically, but
it is worth noting that since the UIP holds (see below), the cost charged to firms is affected by
expected exchange rate movements and by the risk premium. In particular, an expected
depreciation of the exchange rate leads to a higher domestic interest rate and higher marginal
Costs.

The price-setting behaviour of firms follows Gali and Monacelli (2005) in assuming Calvo
pricing and that the Law of One Price holds. At each date ¢ > 0, a randomly selected fraction
1 — ¢ of firms is able to reset prices. Firm j chooses its price Py ;(j) by maximizing profits,
i.e. by solving the maximization problem:

Py ()

max Z5k (H 1 +Zt+h> [Pri(3)Yeswie (5) — PraMCoYoine(5) — Prrp(5)Yene (7)o

where:

° Yt+k\t(j) = (PH—t(])> B Y1« 1s the demand for firm’s 5 good at date ¢ + k if prices were

Pr i1k
reset for the last time at date ¢ ;

o MCy = 4T3 is the real marginal cost deflated by home PPL?

o 1P4(j )Yt%‘t( /)isyk represents the working capital cost bore by firms.

The solution to this problem is presented in Appendix 1.

Foreign investors

Foreign investors can invest in Home bonds, and changes in their demand for these bonds are
an important source of shocks. Indeed, most discussions about the use of FX intervention in
developing countries are related to the desire to smooth the impact of sudden capital inflows

8We allow for a constant labor tax 7 to make the steady state efficient.
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and outflows that result from fluctuations in foreign investors’ perception of risk. To
contribute to this discussion, we assume, as in Farhi and Werning (2014), that the Home
country is hit by a “VIX” shock, i.e. an exogenous shock to risk appetite =, that captures
changes in foreign investors’ interest for local bonds (Itskhoki and Mukhin (2017) show that
these shocks are crucial determinants of exchange rates).’ It is possible to model the sources
of this shock in more detail, as is done in Gabaix and Maggiori (2015) by assuming imperfect
international financial intermediation and modeling the behavior of financial intermediaries,
but we abstract from these issues since they are inessential to our argument.

The shock Z; is defined such that the gross return perceived by foreign investors in domestic
currency Ii t differs from the gross interest rate paid by the central bank, 1 + ¢; (see also UIP
in equatlon (4) below). This shock allows us to analyze either the impact of capital flow
surges (negative risk premium shock =;) or of sudden stops (positive risk premium shock =;).
For a given exchange rate and foreign interest rate, a positive risk premium shock is thus akin
to an increase in the domestic interest rate, but one affecting only domestic households. A
positive risk premium shock can also be interpreted as a negative shock to domestic
consumption: since the interest rate faced by domestic households suddenly increases,
domestic consumption falls (this also leads to a trade surplus). Because this shock lowers
domestic consumption, it reduces the required real wage (since labor supply is stimulated
when consumption is low), even when there is no output gap. Thus, this shock breaks the
divine coincidence, which is why it calls for a second policy instrument that would
complement monetary policy. We now explain why FX intervention is particularly suitable as
the second instrument.

C. The central bank, sterilized interventions and the government

The central bank

In each period, the central bank chooses the interest rate and performs sterilized foreign
exchange intervention, offsetting any increase in reserves ([?; ; denotes the Home central
bank’s holdings of currency 4, valued in local currency using the exchange rate E; ;) by
issuing sterilization bonds S?, so as to keep the money supply constant and the policy interest
rate unchanged:

1 1
/ E; R di — / Ei (1 +i )Z Ry 1di =S — (1+i,1)S), (3)
0 0

This intervention implies a change in the stock of public debt held by the private sector, and
thus an increase in the risk premium ¥; on domestic bonds because of a portfolio balance
channel effect. We assume that the risk-premium is a function of the level of reserves, and
thus of the level of (general) government debt held by the private sector:

fo it Rigdi)/ R)“’ where ¢ is the elasticity of the risk premium to reserves and Ris
the equlhbrlum level of reserves for which there is no risk premium. This formulation is akin

9Z, could also be thought of as capturing time-varying and country-specific borrowing constraints.
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to Schmitt-Grohe and Uribe (2003)’s model of the risk premium (see also Blanchard et al.
(2005) and Benes et al. (2015)).'°

As will be shown in Section III.E, an exogenous shock to foreigners’ risk appetite and thus to
demand for Home bonds drives a wedge in the Backus-Smith condition, i.e., a wedge
between the consumption plans of the Home households and of Foreign household, and such
volatility reduces welfare. FX intervention can mitigate this wedge if it affects the discount
rate of Home households and Foreign households differently. To achieve this, we assume that
Home households cannot borrow from or invest abroad!! (this breaks their ability to run carry
trades) and that FX intervention is perceived differently by foreign investors and domestic
investors, as we explain now.

Foreign investors’ view of FX intervention

We assume that foreign investors, who are sophisticated agents used to the risks of debt
restructuring, internalize that the risk premium ¥, compensates exactly, in an actuarially fair
sense, for a partial default they will suffer—i.e., foreign investors rationally expect to be
bailed in. Thus, for foreign investors from country ¢ (e.g. in the US), the rate of return on
Home bonds, taking into account the risk premium but also the default rate, should be equal
to the rate of return in the US. As a result, since we also have to take into account the shock
to preferences =, for a foreign investors living in country ¢, the UIP is:

1+
e

. EZ t+1
— (1) 4
( + Zt) Eit ( )

)

Domestic households’ view of FX intervention

On the other hand, we assume that domestic households correctly anticipate they will be
bailed out following the domestic government’s partial default. Thus, domestic households
do perceive a higher rate of return on domestic bonds, and thus face a higher interest rate in
their intertemporal consumption Euler equation (by the value of the risk premium).

A lump sum tax th " is imposed to households to finance the bailout of domestic bond
holders. Since our model does not feature uncertainty, this lump-sum tax is paid at each

1Tn Gabaix and Maggiori (2015), the effectiveness of FX intervention (captured by our elasticity ¢) would
depend on the importance of the friction affecting the international financial intermediaries, and on the relation
of the size of intervention to the size of the intermediaries’ balance sheet (which would be proxied by our
parameter R).

In reality, households in small open economies do invest part of their net wealth abroad, but they do not run
carry trade, i.e., borrow in local currency at a high interest rate to invest abroad at a low rate, even though the
local exchange rate may be depreciating faster than what the UIP would imply. The reasons for limited carry
trade from emerging economies may be due to liquidity constraints, short-termism (since future capital gains are
offset by today’s losses in interest income), or regulatory constraints on FX position. Such regulatory constraints
certainly also prevent households to borrow significant amounts in foreign currency to invest at home.
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period, and is equal to the risk premium paid on the total amount of domestic bonds held by
domestic households:
v, —1

t \Ijt

(D + SP)

Although the risk-premium affects the Euler equation, the lump sum tax to finance it does
not. Thus, foreign exchange interventions affect the interest rate faced by foreign investors,
but not the one faced by domestic households. Foreign exchange interventions then introduce
a wedge between the domestic households’ and the foreign households’ consumption plans.
As aresult, FX intervention will distort domestic consumption, but without changing foreign
demand and exports.

Why is FX intervention useful?

The “endogenous” risk premium W, allows the central bank to influence the exchange rate for
a given policy interest rate and a given “VIX” shock to risk appetite Z;.!? A positive shock to
=, indicating a lower appetite from foreign investors for domestic bonds, implies that foreign
investors have to be compensated when buying domestic bonds. The Home central bank has
three possible strategies:

e to accept a large instantaneous currency depreciation (and a subsequent appreciation);
e to increase the interest rate;

e to sell foreign exchange reserves to lower the risk premium ¥,,'* and thus appreciate
its currency.

As explained earlier, the “VIX” shock affects domestic consumption, and as a result it affects
both the IS curve and the Phillips curve (from the labor supply side, wages are a function of
consumption). The interest rate, however, is mostly an instrument to manage demand (i.e. the
IS curve). Note also that the more open the economy, the more distinct are domestic
consumption and domestic output, and thus the more penalizing it is to accept exchange rate
movements or to use monetary policy to respond to a shock to domestic consumption. FX
intervention has the advantage of targeting domestic consumption directly and is thus a better
instrument to offset shocks to the risk premium.

Absent FX intervention, domestic consumption would suffer because of the VIX shock, and
because optimal policy would suggest a combination of monetary policy tightening and
currency depreciation (see Section IV.B for a numerical example) that would affect the
totality of domestic output and lead to greater economic volatility. By lowering its reserves,
the central bank can moderate the impact of the shock on domestic consumption.

12Reserves may be insufficient to offset large expected depreciations, but we do not discuss this possibility here.

3For simplicity, we assume that only the Home central bank uses FX intervention. This assumption will be

natural in our context of a small open economy taking the rest of the world as given.
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Empirical studies have confirmed that central banks can indeed protect consumption by
reducing reserves (Jeanne and Ranciere (2011)). Such interventions reduce the required
depreciation of the exchange rate, limit interest rate increases, and thus lower
macroeconomic volatility.

The government

The central government’s revenues are its tax receipts (7W; N;). In addition, the government
sells bonds to domestic investors (the representative household, who holds Df bonds) and to
foreign investors (who hold D{ bonds). At each period, the government defaults partially on
bonds held by domestic households thus receiving as debt relief T/ = e (D + SY).
Finally, the government rebates to households the labor tax revenues through a lump-sum
transfer: 77°" = 7W; N, . The government budget constraint is then:

L+
Wy

Dg + (L +i) <D? + Sf) + 17" < D{—H + D?—&—l + 7Wi Ny + thm 4)

D. Exchange rates and the terms of trade

Since the Law of One Price holds, we have:

Pry = E P}

1
1—

where P} = [ 1N Bﬁtl_vdi} " is the world price index, and P}, is the country i’s domestic

PPI in its own currency. The above equation then defines the effective nominal exchange rate
E;.

Finally, the terms of trade .S; and the real exchange rate (), of Home are defined as:

Pry  EP;

—_— —_— PF7t —_—
Py

FE P
S, L —t
PH,t Pt Pt

E. Equilibrium Conditions

We now consider the situation in which Home takes the rest of the world as given and is the
only country that intervenes in the FX market. The rest of the world is exogenous and all
foreign countries are identical. Foreign variables are denoted with stars.

The supply side equations include:
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o the optimal labor-leisure decision by households for a given CPI and nominal wage:

CoONY = %

e the Calvo price setting optimal conditions which are complex in the non-linearized
setup and presented in the Appendix I

The demand side equations are:

e the Euler equation for domestic households

Ciy1\’ P,
14, =3 ( t+1> t+1

Ct Pt’

We write current consumption as a function of foreign consumption C} and the relative
Pareto weight of Home in world consumption O;:

C, = 0,0r0Q,°. (6)

This equation will be called the Backus-Smith condition, although it is an abuse of
language since it is the definition of O, in this model.

e the no-arbitrage condition (for a foreign household) between home and foreign bonds
gives the law of motion of ©,* :

<@t+1)g 144 E
O, 1+f B

= U5 (7

where the risk premia ¥, and =, have already been introduced. The logarithm of ©,
appears to follow an autoregressive process. O, can thus be interpreted as a cumulative
risk premium. Together with equation (6), equation (7) shows how exogenous shocks
to foreign investors’ risk appetite and FX intervention affect domestic consumption,
since they introduce a wedge between the domestic and the foreign paths of
consumption. Since monetary policy has symmetric effects on domestic and foreign
consumption, it is not the ideal instrument to offset such shocks. On the contrary, FX
intervention also moves domestic consumption, and is thus better suited as a second
policy instrument in response to such shocks to risk appetite.

Ay .. 0141\’ Ci1 \° Pey [ Cr *\° E.P; .
Using the definition of O, we have 5. =\ ) 5 (gt B P The Euler equations for
t+1

domestic and foreign households give: 1 4 i; = 37! (%) Pf,ﬁtl and 1 +if = 71 (Cé—j“) P;,:f .
the domestic Euler equation by the foreign Euler equation, and using the first equation above, we find the law of

motion of Oy, i.e., equation (7).

Dividing
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In addition, the market clearing conditions are:

e for the goods market:

-n
vi—(-a) () arasic ®)
t
e for the labor market: v
N, =LA
0= g, )

where A, is the index of price dispersion defined by

1 . —€
PHt(])) .
A :/ ( ’ dj
t ; PH,t ]

and where the relation between the terms of trade and the real exchange rate is

Qi =[(1-a)Sy " +a]77; (10)

The country’s budget constraint at date ¢, which is derived by adding the budget constraints
of the households (equation (2)), of the central bank (equation (3)) and of the government
(equation (5)), is (see Appendix II):'3

1
NFA; = ————NX, + B2, 'NFA 1 (11)
PF,tCt*

where the country net foreign asset position'® and trade balance are respectively:

D
E, 4

(14147 )Z 1 By

NFA, =
t Py C3°

R} —

, NXy =P Yy — BG

Finally, we get the intertemporal budget constraint by taking N F'Ay = 0, solving forward
equation (11), and imposing the transversality condition:

0o t—1 -1
t - *—0 E o g
gﬁ (Hus> C; [ = QJ >0 (12)

s=0

15Since firms’ borrowing is domestic, interest payments are collected by domestic investors and thus they do not
affect the country’s budget constraint at date ¢.

16We normalize the net foreign asset position by the foreign consumption and take the foreign price at home
Pr; as the numeraire.
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F. The log-linearized framework

Following Gali and Monacelli (2005) and Farhi and Werning (2014), our analytical results
are derived for the log-linearized model using the Cole-Obstfeld parametrization, where

o =n = = 1(Cole and Obstfeld (1991)). A lower case variable denotes the log-deviation
from the deterministic steady-state of the variable.!”

To disentangle the effects of the two risk premia, we decompose the Pareto weight 6, i.e., the
wedge between domestic and foreign consumption, as follows:

~ —

0, =06,+ 06, where

e 0, is the distortion to consumption resulting from the “VIX” shock to risk appetite &;;

e 0, the the distortion to consumption resulting from the FX intervention’s risk premium

(o

Demand side
The log-linearization of the goods market clearing condition gives

yy=1—a)—(q¢—s)+c]+as,=(1—a)d+ s

since ¢; = 0 and thus ¢; = ¢; — 0, (from the Backus-Smith condition). Thus 6; has an effect
on aggregate demand (and thus on Home prices and the terms of trade; this is the demand
channel of risk premia—see below for the supply channel), but it has a smaller effect on
than on ¢; if ¢; and s, are small, i.e. in the short run where prices are sticky (since

¢ = 0; + q;). Overall, the demand side can be represented by the dynamic Investment Saving
(IS) equation

Yt = Yir1 — (it — 41 — P) +a (Y + &) (13)
= yfﬂ - (Z: - ﬂ-?{,t+1 - p) +er— €§+1 - (1 - a) (wt + ét) (14)

Equation (14) shows that for a given exchange rate and given expectations, higher risk
premia, which increase the domestic interest rate, hurt consumption and thus output (the
effect is proportional to 1 — o, the weight of domestic consumption in output). In addition,
the UIP is:

er = ey — (i —i7) + 0 + & (15)

Given exchange rate expectations and monetary policy decisions, a positive risk premium,
either due to a preference shock or to an increase in the level of reserves, triggers a
depreciation of the local currency.

17Note that the model and the loss function are presented differently from that in Farhi and Werning (2014), who
present variables in deviation from the natural allocation, whereas we express them in deviation from the

deterministic steady state.
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Supply side
The supply side consists of the New-Keynesian Phillips Curve:

Trt = BTy 1 + KyYe + Ko (ét + ét) + ryp(iy — p) (16)

where £, = A1+ @), ko= A, Kr= A

A captures price flexibility and is increasing in the share of firms that can reset their prices. !

The new term g (ét + 9_t> represents the effect of the risk premium on domestic firms’

marginal costs (the supply channel of risk premia). Following a negative risk premium shock,
which leads to a positive shock to domestic consumption (6, > 0), real wages have to be
increased in order to maintain labor supply. This is why firms’ marginal costs and inflation
increase. But FX intervention can “lean against the wind”: the central bank can increase the
risk premium (by accumulating reserves and selling sterilization bonds), thus increasing the
endogenous risk premium and depressing consumption 6, < 0).

As highlighted in Section II1.C, the exogenous risk premium targets specifically domestic
consumption and not the whole of domestic output (exports are not affected), and this is what
breaks the divine coincidence. This effect is clearly visible in equation (16). It is also worth
noting that the effect of the exogenous risk premium on PPI inflation is increasing in the
economy’s openness (kg = Aa) because the more open the economy, the larger the difference
between output and consumption (which is the part of output that is independently affected
by the risk premium).

Finally, the financial accelerator appears in the Phillips curve (through the term x¢(i; — p)) in
a way similar to that of the cost channel of monetary policy (Surico (2008)). Since the UIP
holds, the financial accelerator is also k¢(i; — p) = K [efﬂ —e+iy —p+07, — Qt].
Exchange rate expectations affect firms’ marginal costs and can thus have real effects. In
Section V, we explore the impact of the financial accelerator on equilibrium determinacy
under optimal discretionary policy and discuss the ability of FX intervention to reduce the
risk of indeterminacy.

The intertemporal budget constraint
The intertemporal budget constraint is :

Z 89, = 0. 17)
t=0

B = M. As aresult, \ — oo when prices are fully flexible
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The intertemporal budget constraint requires that the discounted value of the distortions to
domestic consumption be zero. When the central bank sells reserves, the risk-premium
decreases and domestic consumption increases, thus worsening the trade balance

(nz; = —a(f, + ét)). A larger trade deficit has to be compensated by larger surpluses in the
future, which is what this intertemporal budget constraint captures, and this is why it is
impossible to use FX intervention to affect the path of consumption permanently. Although
our model will be solved under discretionary policy, we assume that the intertemporal budget
constraint is taken into account by the central bank, i.e. we assume that policy institutions in
the economy are strong enough so that the central bank will value the international position

of the country at a constant (shadow) price'®.

G. Loss function

The welfare costs due to deviations from the steady state can be expressed using the
following welfare loss function (proved in Appendix III, using a second-order
approximation):

1 S t 2 2 N =12
D {awﬂHﬂg + 7 + [et + awet] }
t=0
where

11—«

Ep « (2—a

T ’ = +1- ) =
Tl re) YT 1re\1-a O‘) WT e,

11—«

The first two terms are familiar —they are identical to those obtained in Gali and Monacelli
(2005). The third term captures the direct distortions induced by FX intervention on domestic
consumption. Indeed, FX intervention targets specifically domestic consumption, thus it
generates additional welfare costs, on top of those related to the distortion of output and the
dispersion of relative prices. Sterilized intervention can reallocate domestic demand
intertemporally (as do capital controls in Farhi and Werning (2012)). But such reallocation
comes at a cost for welfare, expressed as follows:

~ _12 ~ ~
7 [9,5 + th/ﬁt} = o 03 +2a0uy % -+exogenous terms
cost of external imbalance costs of distorting

consumption

The welfare costs of FX intervention are thus due to:

e the cost of external imbalances:

1Basu, Ghosh, Ostry and Winant (2017) analyze the time consistent equilibrium when reserves are limited and
central bank policy is time inconsistent.
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Selling reserves decreases the endogenous risk premium, and therefore increases
domestic consumption without changing foreign demand or Home exports. This
worsens the trade balance. Such distortion to the trade balance imposes a welfare cost
because the intertemporal budget constraint has to hold (the second order
approximation of the budget constraint is what is capture by the term oy 0?); FX
intervention can smooth domestic consumption but cannot increase it permanently. We
also find that the more open the economy, the more costly it is to distort the trade
balance. Indeed, the welfare cost is proportional to ciy = ﬁ (f:—g +1-— a), which is
an increasing function of «.

e the costs of distorting consumption:
A positive shock to the exogenous risk premium increases the interest rate faced by
domestic consumers and decreases domestic consumption. Even keeping output
constant, the fall in domestic consumption also leads to a fall in domestic prices
(because of Home bias in consumption), which decreases the terms of trade.?’ FX
intervention has symmetric effects. This means that when FX intervention is used to
offset the exogenous risk premium, it is able to stabilize consumption (which has
welfare benefits in itself) as well as the terms of trade, which is also worthwhile given
the intertemporal budget constraint. The welfare loss of distorting consumption is
proportional to cgov,= oll=e) When the economy is closed (o — 0), output and 1+¢
domestic consumption coincide, and there is no cost due to deviations in domestic
consumption that is not already captured by the cost of a non-zero output gap. When
the economy is fully open (o — 1), Home consumption is entirely made of imported
goods, and there is no cost in distorting it as this does not affect the terms of trade or
consumption.?!

Finally, we note that contrary to the other elements in the welfare loss function (inflation,
output gap, and terms of trade), the cost of external imbalance exists even when the country
is fully open. Gali and Monacelli (2005) indeed showed that the welfare losses resulting from
distortions in output and inflation go to zero when o« — 1. However, since the cost of external
imbalances affect the path of domestic consumption, this cost exists even when the economy
is fully open. Because the welfare cost of a non-zero output gap distortion was normalized to
1, the welfare cost of external imbalances goes to infinity when o« — 1.

Planning problem
We assume that the authorities are unable to commit to specific future policies (on the
interest rate, asset purchases, the deficit, etc). Working in a discretionary setup, as opposed to

20This effect exists as long as the economy is not fully open, i.e. as long as the share o of domestic goods
consumed by domestic households is not zero.

2More precisely, as shown by Farhi and Werning (2014), optimal policy with a fully open economy would
consist of maximizing the monopoly profits of exporters, but given that under the Cole-Obstfeld
parameterization, exporters face a demand with elasticity of 1, the monopoly problem is degenerate. As a result,
output should converge to 0 when o« — 1, and distorting consumption does not help with the terms of trade,
which is why FX intervention is useless.
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the commitment framework analyzed in Farhi and Werning (2014) and in Cavallino (2016),
also allows us to derive simple and transparent closed-form formulas. The complete planning
problem at date ¢ is thus composed of the objective function; the Phillips curve; the IS
equation; the UIP condition; the dynamic relation between the consumption wedge and FX
intervention; the intertemporal budget constraint of the country;?? and the initial condition for
the output gap:

N 12
min - agmh, +yiag [0k agfl] st (18)

TH Y558t ,0t et
THt = 57??17”1 + KyYr + /ﬂgét + Kkgb; + k(i — p)
Yo = yte+1 - (it - Tr;,t—&—l - P) + o (1/% + ft)
er = eppq — (it — i) + e + &
At8+1 =+ ét

fiﬁ@:o
t=0

Yo = (1—&) <90+éo> + €9
IV. OPTIMAL STABILIZATION POLICY FOLLOWING RISK PREMIUM SHOCKS

In this section, we describe optimal monetary and FX intervention policies following an
exogenous shock. We focus on exogenous risk premium shocks in international capital
markets, as introduced in Section III.A. These shocks capture the changes in foreign
investors’ sentiment that have historically led to volatile episodes of capital inflows (negative
risk premium shocks) or capital outflows (positive risk premium shocks). Such “push factors”
can be considered to be exogenous to the economy. We show how FX intervention allows the
central bank to reduce volatility when confronted with these external shocks.

A. Optimal use of FX intervention following risk premium shocks

A positive risk premium shock stands for a reduction in foreign investors’ appetite for
domestic bonds. This shock affects both domestic allocation and welfare (the latter through
domestic terms of trade stabilization effect as was explained in Section III.F). Proposition 1
provides a transparent analysis based on closed-form formula that details how FX
intervention is optimally used following a risk premium shock. For the sake of clarity, the
analytical results are presented in Proposition 1 with the financial accelerator turned off

22The quadratic approximation of the budget constraint included in the welfare objective does not ensure that
this constraint is satisfied; the presence of the intertemporal constraint in the objective function is necessary

(due to the microfoundations) but not sufficient to ensure that the constraint is satisfied.



22

(. = 0) although the qualitative and quantitative results are similar when the financial
accelerator is turned on (see footnote 23 and Section IV.B; on the contrary, our results on
indeterminacy in Section V depend crucially on the size of the financial accelerator).

Proposition 1. Optimal policy following risk premium shocks

Following an exogenous risk premium shock with autoregressive process &= &yp', the
optimal paths for inflation, output, the endogenous consumption wedge and the endogenous
risk premium are:*

B ko(l—ay)é (1—0 1 B 1 . Ko
= 1_P (1_pﬁD(a9>1) D(a97p>p) +a9D(a971)F
Yt = —OQrRyTHY (19)
A 50 D<+Oo7p):| ( ¢ 1_5 )
b, = 1= (1= ay) o222 72
] R el Gt

%:&{@—aw%%%%?—q

ep1 —e =10 — 1 — (U + &) ,withey=yo— (1 —«a) <é0+§0)

where*

KJQ
D(ag, pe) =1 — pefB + o (Fcf, + oTZ)

Proof: See Appendix IV
Q.E.D.

A positive risk premium shock decreases domestic consumption (and thus ;) in the short run
since it increases the interest rate faced by domestic households.? Such a shock would lower
inflation even if output were perfectly stabilized and FX intervention not used because of

Home bias in consumption. Optimal monetary policy without FX intervention would consist

Z3When the financial accelerator is active (i.e. 1 # 0)), the results become:
1—a, K
TH = (A—aw)éo {K(l) - K(pg)pﬂ + &pml Y= —Xyﬂ‘H,t

1=pe¢

X by o
b = gopé {(1 — o) D((ppsg)) o 1] (11 pfﬁ - pE) ; =& [(1 — ay) D((pp:)) - 1} pg where
I = (1—ay)to _ re—all—pe)ry 1-8 6(1%)).

1-,35)(1-""“2([3(15“” D(pg) T—peB ~ Y01-ppe ) >
D(pe) =1+ an {(/-ey—mf) 4 (ro= anf) } e {5+,€f [1_% (k _kf+w)”and

1—

DY{pe) = 1t e (s k0] — pe 81y 1 —as(y Ky} i) = ospl-acs

24 _ (—oay)éo D(as,1) 1-8 2 1 1
And T = = 5o 1) T-pa ¥ <D<a9,1> - D(ae,m)

23This effect is visible through the domestic consumption distortion that results from the exogenous risk

premium shock Q_t = (P - ,53)
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in increasing the interest rate and letting the currency depreciate instantly, which would lead
to a positive output gap.?® These imbalances then recede as the shock vanishes: the output
gap is positive, but starts decreasing; inflation is negative, but starts increasing; and the
currency, which depreciated on impact, is appreciating.

Following a positive risk premium shock, FX intervention can lean against the wind: selling
reserves reduces the endogenous risk premium, lowering the interest rate faced by domestic
households. FX intervention limits the magnitude of the interest rate hike and exchange rate
devaluation required after the shock, thus stabilizing output and inflation as well as
supporting domestic consumption. However, as explained in Section II1.G, FX intervention
generates an external imbalance that needs to be offset in the future. As a result, optimal FX
intervention has to trade off between the stabilization objective and the cost of external
imbalances.

Our closed-form formula enables us to understand how optimal foreign exchange
intervention is chosen along this trade-off. The optimal choice for the (endogenous)
risk-premium ¢/, is decomposed as follows:

D(+o0, p))
— | ay +(—ay) (1= P (20)
wt "d.] f w) < D<a97 p) ft
termesf?etcttrade trade—of??)etween

stabilizing consumption and
generating an external imbalance

o the terms of trade effect:

As explained in Section III.F, FX interventions can stabilize the terms of trade. The
first component in equation (20) represents this effect, i.e. the endogenous risk
premium is chosen so as to offset the shock to the exogenous risk premium;

o the trade-off between stabilizing consumption and generating an external imbalance:

— Stabilizing consumption would call for FX intervention to completely offset the
exogenous risk premium, i.e. ¢, = —&;. This would occur if D(ay,®) = +o0, i.e.
if FX intervention were perfectly efficient.?’

— But FX intervention also induces external imbalances that require future
repayments, which is why v; cannot fully offset &;.

This trade-off has to weigh the benefits of stabilizing consumption and the terms of trade vs.

the cost of external imbalances. The trade-off is captured by the ratio %. This ratio,

26 Adding a constraint that 6, = 0 to the optimization problem of the central bank would make the problem
collapse to that of Gali and Monacelli (2008), with the central bank facing standard cost-push shocks.

?"In the case where D(ay, ®) = +00, Proposition 1 shows that output and inflation are 0.
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which is always smaller than 1, is a measure of the efficiency of FX intervention because it is
the ratio of 1/D(ay, p), which parametrizes the response of inflation and output to the shock,
and 1/D(+o0, p), which would parametrize the response of inflation and output to the shock
if FX intervention was impossible (e.g. if the cost of external imbalances was prohibitive).

B. Simulations

We calibrate our numerical exercise using the same parameters as those in Farhi and Werning
(2014), who run a similar exercise to analyze the efficiency of capital controls and follow the
calibration of Gali and Monacelli (2005). We thus set 0 = v = 1 = 1 consistently with the
Cole-Obstfeld parametrization that we used to derive our analytical results. We assume that
¢ = 3, which implies a Frisch elasticity of labor supply of 1/3. We also assume that the price
mark-up is equal to 1.2, which implies an elasticity of substitution between differentiated
goods (from the same country) € equal to 6.

3 is set at 0.96, corresponding to a riskless annual return of about 4% in the steady state. The
parameter ¢ for price stickiness is taken equal to 0.75% a value consistent with an average
period of one year and a half between price adjustments. We also take an intermediate value
for the degree of openness of the economy, o = 0.2, which roughly matches the ratio of
imports to GDP in Brazil (around 15%) and India (around 20%).

More specific to our analysis, the financial accelerator parameter is set to © = 0.2, following
Mendoza (2010) —at each period, working capital requirements represent 20% of the value
of the output produced. Finally, as in Farhi and Werning (2014), the economy is hit with a
5% risk premium shock whose half-life is 2 years.

We compare in Figure 1 the allocation in which the central bank can only use conventional
monetary policy (black line) to the allocation in which the central bank can use both
conventional monetary policy and FX intervention (green line). When only monetary policy
is allowed, a risk premium shock provokes a large depreciation of the exchange rate and
forces the central bank to increase the interest rate to compensate foreign investors (see
equation (4)). This policy reaction leads to a large trade surplus (since the currency has
depreciated) and a large drop in domestic consumption, with relatively small net effects on
domestic output and on (PPI) inflation. We see that the variables that are not directly
included in the objective function (the exchange rate, the trade balance and domestic
consumption) behave as shock absorbers.

As analyzed in Section IV.A, optimal foreign exchange interventions lean against the wind by
decreasing the interest rate faced by domestic households and thus supporting domestic
consumption. The central bank sells foreign currency reserves, reducing the endogenous risk
premium by about 1.4% initially. As a result, the fall in domestic consumption is mitigated
(on impact, 3.5% vs. 4.8% when FX intervention was not allowed), the trade surplus is
smaller (2.2% vs 3% on impact) and the depreciation of the exchange rate is also substantially
smaller (9.2% vs. 12.7% at impact). This confirms that FX intervention proves useful as a
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stabilization tool, especially following risk-premium shocks whose impact on domestic
consumption, the trade balance and the nominal exchange rate can be efficiently smoothed.

We also quantify the welfare gains allowed by FX intervention by computing the welfare loss
due to the exogenous risk premium shock, and comparing this welfare loss in the case where
FX intervention is used with the case where it is not allowed. The welfare losses are
expressed as a compensatory, per-period, percentage decline in permanent consumption (see
Figure 2). As expected, welfare losses following the exogenous risk premium shock are
initially increasing with the economy’s openness. Indeed, the risk premium shock is similar
to a shock to domestic consumption. The more open the economy, the larger the difference
between consumption and output, and thus the less efficient is monetary policy after risk
premium shocks. For reasonable value of openness, the steady-state consumption gains
allowed by FX intervention impact are sizable (around 0.4 percent of permanent consumption
for a = 0.2; see LHS panel of Figure 3), and the relative impact is important too (40 percent
of the welfare losses are canceled for a = 0.2; see RHS panel of Figure 3).

However, the relative cost of FX intervention due to external imbalances is also increasing in
the economy’s openness. Indeed, the benefits of stabilizing output when the economy is fully
open are null, and therefore the relative cost of external imbalances is infinite (see Section

II1.G). From Proposition I, we know that FX intervention is not useful (é — 0) when v — 1
since:

D
ay, — 0 and (o0, )

> 1
a—1 D(o(g,p) a—1

As aresult, when o — 1, the welfare losses due to risk premium shocks are identical in the
two cases.

V. FX INTERVENTION AND SPECULATIVE ATTACKS

We now discuss the risks of equilibrium indeterminacy in the presence of a financial friction.
We only consider speculative shocks (deviations in expected values), having in mind in
particular self-fulfilling currency movements, when analyzing equilibrium uniqueness.
Substituting for the interest rate in the Phillips Curve using the IS curve, the central bank’s
problem (18) becomes:

min_ a7y, + Y7 + b s.t.
TH t,Yt,0t ’

e = (B + ’if)ﬂii,tﬂ + (’fy - “f)yt + Ky T+ (o — Omf)ét + a“f@fﬂ (21)

i Btét =0
t=0
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A. Optimal policy

The extended Phillips Curve in equation (21) shows how the financial friction affects the
dynamics of inflation (and thus of the exchange rate). Compared to the standard New
Keynesian Phillips Curve, future inflation has a bigger weight as a determinant of current
inflation (since x; > 0), whereas the coefficient on current output is smaller (also by ~¢).
The first-order conditions on ; and 6, are:*®

Qr(Ky — k)T + 1y =0 (22)
(kg — ks T + by +T =0 (23)

where, I is, as before, the Lagrange multiplier for the intertemporal budget constraint.
Domestic inflation thus obeys the following law of motion:

THt = — TH+1 —
L ey — hp)? 4 2xtieoesil

o 1+arr(’fy_’{f>2+%(ma;éw

(24)
Equation (22) shows that optimal policy is to ‘choose’ a negative output gap when inflation is
positive (or a positive output gap when inflation is negative) —otherwise, if the output gap
and inflation were both positive, the central bank could reduce both variables by increasing
the interest rate. In other words, the central bank “leans against the wind”, engineering a
contraction if inflation is excessive.

Similarly, for a given Lagrange multiplier, equation (23) shows that optimal policy is to
choose a negative consumption gap when inflation is positive —otherwise, if the consumption
gap and inflation were both positive, the central bank could reduce both variables by
increasing the level of reserves and the risk premium (an increase in the risk premium
decreases current consumption, and thus aggregate demand, for a given level of future
consumption; see equations (6) and (7)). The central bank again “leans against the wind”,
increasing the level of reserves and the risk premium when inflation is positive. Conventional
and unconventional policies steer inflation and output in the same direction. However, looking
now at the exchange rate, the impact of an increase in the interest rate is partially offset by an
increase in the endogenous risk (ef | — e; = ¢; — 1; —1)y). Sterilized intervention thus allows
the central bank to limit the effect of its conventional monetary policy on the exchange rate.

B. Equilibrium Determinacy

In the standard New Keynesian Model, optimal policy ensures equilibrium uniqueness. We
show here that this result does not hold in the presence of the financial accelerator and

28Since there are no exogenous risk premium shock in this section, the total consumption distortion #; coincides
with the consumption distortion resulting from foreign exchange interventions ;. We then simply refer to the
total consumption distortion 8, as the policy tool in this section.
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discuss how FX intervention can help.

Proposition 2. Equilibrium Determinacy under Discretionary Policy

Equilibrium determinacy is ensured when the Blanchard-Kahn condition is satisfied, i.e.
when: %

—1
oy > ﬁ + Ky P ev— (25)
Ky(ky — Kp) + T e
Proof: The proof consists in applying the Blanchard-Kahn condition to equation (24).
Q.E.D.

If the coefficient of the financial accelerator is larger than 1 — /3, equilibrium under
discretionary policy can be indeterminate, a possibility absent in the standard open economy
New Keynesian Model (see Gali (2008)). It is instructive to analyze the role of foreign
exchange intervention in ensuring determinacy. To this aim, we first consider the case in
which FX intervention is not possible.

Equilibrium determinacy without FX intervention
If FX intervention is not available, the condition for determinacy is:

ﬁ—i-/if—l

- 26
Ky (Ky — k) (20)

oy >
Denoting by X, the size of the output loss engineered by the central bank when inflation is 1
percent (i.e. X, = a,(k, — k), obtained from equation (22)), the condition for equilibrium
determinacy is rewritten as:

1+( Rky—kf + Ky )Xy > B+ Ky
N—— ~—~
impact of current output  impact of expected output
on current inflation on current inflation

or equivalenly:
K,yXy >0+ kK f— 1

Intuitively, determinacy requires that, when inflation is positive, the central bank decides to
engineer an economic slowdown such that the total impact on today’s inflation is stronger
than the impact of expected inflation on today’s inflation 3 + ~ in the Phillips curve (see
problem (21)). This ensures that current inflation is lower than expected inflation, ruling out
equilibrium indeterminacy.

PIf (ky — Kf) (265 — Ky) + ('{e_a“flfa“f_'{e) > 0, which implies 4 > , the condition has an upper bound:
BHrp—1 B+rp+1
r:g(»eefawf) < Qr < (wg—amf)(Zamffme)
g g

Ky (Ky—kr)+ (ky—ryp) (265 —ky)+
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In absence of the financial accelerator (i.e. k ;= 0), the equilibrium is always unique,
because 5 — 1 < 0. The central bank’s optimal policy would be to hike interest rates and
engineer a recession if confronted with speculative increases in inflation. The negative output
gap would lower inflation below what is expected by firms, thus ruling out self-fulfilling
inflation and currency movements.*°

However, with a financial friction, the decision to increase the interest rate would also
increase firms’ marginal costs. The recession must thus be deeper, or the sensitivity of
inflation to the output gap higher, to ensure marginal costs are sufficiently reduced. If the
weight of inflation in the loss function is too low, the slowdown engineered by the central
bank may be insufficient to offset the impact of the financial friction on inflation. Current
inflation ends up being too high, thus justifying a continuum of self-fulling equilibria.

Equilibrium determinacy with FX intervention
We now reintroduce FX intervention, and using equation (23), we define
Xy = z—g(/ig — akp) > 0 as the marginal increase in the consumption wedge for a decrease in
the rate of inflation. Reacting to an expected appreciation of the currency, the central bank
can accumulate reserves to increase the risk premium. For a given increase in the interest
rate, an increase in the risk premium would depreciate the currency. The Blanchard-Kahn
condition becomes:

HyXy + ke Xp > ﬂ + Kf— 1 27

The rationale is as before. The optimal use of reserves (and its use in period ¢ + 1) can
mitigate current inflation, the more so if the effect of the instrument on current and future

inflation is high (i.e., kg 1s high) and if the central bank uses this instrument aggressively (if
Xp 1s high).

Figure 4 shows the zone of indeterminacy provided by conditions (25) and (27). When using
reserves comes at no cost (ap = 0, see left-hand chart), or when reserves have a strong effect
on inflation (X is high, see right-hand chart), the risk of indeterminacy is eliminated, even if
the central bank is not willing to hike interest rates and engineer recessions. The downward
sloping frontier in the right-hand chart depicts the trade-off: for a given impact of the interest
rate, the central bank must either be willing to engineer large recessions (X, is large) or to be
activist with its FX reserves (X large).

3More precisely, inflation is always lower than future inflation in the absence of a financial accelerator; thus, the
only non-explosive path for inflation (and the exchange rate) is the one with zero inflation. This is why when the
Blanchard-Khan condition is always satisfied in this case.
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VI. CONCLUSION

Although empirical research has sometimes had difficulties in establishing the effectiveness
of sterilized intervention, many central banks, especially but not exclusively in emerging
market economies, intervene in the FX markets. An obvious question, therefore, is how FX
intervention should interact with interest rate policy, and in particular whether FX
intervention helps stabilize the economy following exogenous shocks to international capital
flows, and whether FX intervention improves the credibility of inflation targeting. This
paper provides answers to these questions in the context of an open economy New
Keynesian Model.

To justify the use of FX intervention, we extend the open economy New Keynesian Model
with a friction in international capital markets. Foreign investors’s preferences for domestic
bonds is a function of “VIX” risk premium shocks, which increase the cost of borrowing for
domestic households and affect domestic consumption and thus break the divine coincidence.
We show that FX intervention helps stabilize domestic allocation following this type of
shock. FX intervention is particularly efficient in stabilizing domestic consumption, the
exchange rate, and the trade balance. We also show that FX intervention is efficient from a
welfare point of view, and can mitigate the welfare losses due to these risk premium shocks.

We finally note that self-fulfilling currency movements are possible in the New Keynesian
model with a working capital requirement, along the lines of speculative attack models a la
Aghion et al. (2000). We show that in that model, the central bank’s ability to use FX
intervention reduces the range of parameters for which equilibrium indeterminacy occurs.
If FX intervention is very effective, or if the central bank has a strong preference for
intervening on the FX market, the central bank can rule out indeterminacy even if it is not
perceived to be sufficiently active with conventional monetary policy.
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APPENDIX I. FIRST-ORDER CONDITIONS FOR CALVO PRICE SETTING

In the non-linearized model, the Calvo Price setting first-order conditions can be expressed as

follow: )
1— (5(HH¢)5‘1 B F N\
1—-6 -\ K, ’
where
_ TN LRI, Ky, F = Y,.C0SLQ, + 66IEL F
t_€_1 AH Vg + ﬂ Ht+11 t+15 t — Lty t Qt+ 6 Hi+14't+1;

with PPI inflation denoted 11,41 = Pg;“:l , and price dispersion A, following the law of
motion: 7

1_61‘[571 e/(e-1)
)

At = h(At,b HHﬂg), h(A, H) == 5AHE + (1 - (5) (

APPENDIX II. DERIVATION OF THE INTERTEMPORAL BUDGET CONSTRAINT

Assuming that foreign countries are symmetric, Home’s budget constraint at date ¢, which is
derived by adding the budget constraints of:

e the households:

PC,+ Dy + S0+ T/™ < (14di) (DP + SY) + WoN, 4+ 10, + T/ 4 19

e the central bank:

ER; — E(141i_)Z 1R, = Sppq — (1+14,-1)5)

e the government:

142

g DI (L) (D + 87) + T < Dy + Dy + Wil + T/

The consolidated budget contraint is then:

142

t—1

ER;, — E(1+1d; )2 Ry + D] < D!, + PyrY, - PC,
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We define the country net foreign asset position®!' and the trade balance as follows:

1+ )= By
PpCr?

D]
i

NFAt: R:— B NXt:PHJYt—PtCt

Introducing the net foreign asset position and the trade balance in the consolidated budget
constraint, we have:

Pry1 Gy
"B NFAy — Py CiONFA, = NX,
(1 + (2 )‘:‘t

The Euler equation for foreign households is:

cr\° P
1+Z: _ 6—1 ( t+1) Fi+1

Cy Pr,
Using the two above equations, we then have:

B
NXi+ =
PF,tCt* t i

NFAt:— NFAt+1

APPENDIX III. DERIVATION OF THE LOSS FUNCTION

We first have the exact relationship:

¢ =1 —a)s + 0,

And the following second-order approximation of the goods market clearing condition
Y; = StC*[(l — Oé)@t + Oé]:

1
y=s+(1—a)f, + 50((1 —a)f?

We use this result to derive:

a=(1-a)y+al2-a)l —ia(l—a)’6;

3'Normalizing by foreign consumption and taking the foreign price at home P as the numeraire.
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By the labor market clearing condition, we have up to second-order approximation:

1
ne =y + logAy + Sy
By Woodford (2003), we have:
Z BlogAF = e ptﬂ'l%[t

2)\p

Finally, using N1*¢ = (1 — «) and integrating over time, we have the following expression
for the objective function:

= 5 U -U _
;; U,
> 11—«
(1-)(1+¢) —pt 2 2 20(2—« 2
- 5 € Qp T + — —9 +a—0
2 \/0 { Hit Yy (1—a)(1+9) t 1+¢ t}

We now use a second order approximation of the budget constraint to replace the linear term
6, in the expression above. We find:

= B, = }:ﬁ (262 + (00 — 6,)0,] + t.i.p.
t=0

The sum Y _;°, 3'0; only has second order terms in 6, so we can get rid of 6, Y=, 3'0, when
developing up to the second order the welfare loss.

We then get the following loss function (up to additive terms independent of policy and
multiplicative constants):

° R 2
%Zﬁt |:QWW%{,t +y; +ag |:9t + Oéwet] 1
t=0
where
Ep Q 2—a+1 11—«
Ay = ———, = —al, «
A1) T 1o \1-a M= N R



36 APPENDIX IV

APPENDIX IV. PROOF OF PROPOSITION 1

For analytical convenience, we express the consumption distortion #; in deviation from the
steady state. The problem boils down to:

min ozﬂﬂ?{’t + 92 + ay [Ht —(1- ozw)@_tr s.t.

TH,,Yt,0t,0t,0¢ et

THt = 5”?{,t+1 + KyY + Kol
oo
> o =0
t=0
Proof. The first-order conditions on the two instruments are:

OnbiyTrg + Y = 0 ankgTis + g [0 — (1 —ay)by] =T =0

Since , = ISTOP (% — ,ot) for exponentially decreasing risk premium shocks: & = &yp',

substituting the first-order conditions in the Phillips Curve and iterating, we get:

Ko(l — 1— 1
- o(1 — ay)o ( s B pt) L fe p
L—p 1—pBD(1)  D(p) apD(1)
. _ (—ay)é D(1) 1-8 1 1
with I' = =20 5065 15 o (W - W)
(I—ay)&D¥p) (168
= —Q; d 6,= —
S I—p D) \1-p5 "*
Since 0, = i—op (% — pt) , we find that the foreign exchange intervention impact on

consumption can be described as follows:

- e ()

Q.E.D.
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Figure 1. The Effects of a Risk-Premium Shock under Optimal Discretionary Policy
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Figure 2. Welfare Losses following an Exogenous Risk Premium Shock (5 percent
shock, two years’ half-life)
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Figure 3. Welfare Gains from using FX Intervention following an Exogenous Risk
Premium Shock
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