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Abstract

We analyze the optimal intervention policy for an emerging market central bank

which wishes to stabilize the exchange rate in response to a capital outflow shock, but

possesses limited reserves. Using a stylized framework which nests various forms of

limited capital mobility, we derive a time inconsistency problem, and we compare out-

comes under full, zero and partial commitment. A central bank with full commitment

achieves a gentle exchange rate depreciation to the pure float level by promising a

path of sustained intervention, including a commitment to exhaust reserves after par-

ticularly adverse shocks. A central bank without commitment intervenes less, wishing

instead to preserve at least some reserves forever, and suffers a larger exchange rate

depreciation. For more persistent shocks, the time inconsistency problem is larger, and

simple intervention rules can achieve welfare gains relative to discretion.
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1. Introduction

Faced with a reversal of the post-crisis bonanza of capital inflows, emerging market (EM)

central banks today face a difficult macroeconomic stabilization problem. The twin factors of

tentative monetary normalization in advanced economies (AEs) and growing concerns about

EM growth prospects have created a fragile atmosphere, where capital inflows to EMs have

slowed, and where news shocks can trigger sudden portfolio shifts by international mutual

funds, such as the “taper tantrum” of mid-2013.

EM central banks cannot help but worry about the exchange rate movements associated

with such turbulence in capital flows. In a world of imperfect financial markets and limited

hedging by unsophisticated and/or liquidity-constrained domestic residents, exchange rates

can become disconnected from macroeconomic fundamentals and instead become a source

of shocks, driven by the balance sheets of international financial institutions (Gabaix and

Maggiori, 2015). Sharp movements in exchange rates can: cause spikes in inflation and the

cost of tradable goods, which may be especially harmful to the poor who consume more of

these goods (Cravino and Levchenko, 2015); worsen balance sheets and tighten the borrowing

constraints of firms and households who borrow in foreign currency (Aghion, Bacchetta, and

Banerjee, 2001, and Mendoza, 2002); and send misleading and damaging signals regarding

the appropriateness of investment in the export sector (Caballero and Lorenzoni, 2014).

In this context, academics and policymakers have been re-thinking the question of which

instruments should be in the toolkit of EM policymakers. During the period of the post-GFC

inflows surge, Ostry, Ghosh, and Chamon (2012) argued that since EM central banks have

multiple objectives—inflation and the exchange rate, in particular—they should use multiple

tools to attain those targets. In particular, the authors suggested that sterilized foreign

exchange (FX) intervention should be added alongside monetary policy rates as a means

of absorbing inflows. Supporting this notion, the traction of FX intervention in mitigating

inflows and stabilizing the exchange rate has been empirically supported by recent papers

such as Blanchard, Adler, and Filho (2015) and Adler, Lisack, and Mano (2015), and has

been theoretically rationalized by Gabaix and Maggiori (2015).

However, for the case of capital outflows, the conventional wisdom has remained skeptical

about FX intervention, except perhaps in cases of extreme market turbulence. The reason

is that there is a fundamental asymmetry between inflows and outflows: in the latter case,

reserves become depleted and may run out. In some popular commentaries, central banks

who intervened at first but eventually allowed the exchange rate to depreciate are viewed as

having “wasted” their reserves defending an indefensible parity. As a consequence, there is

little agreement on what a successful intervention episode looks like.

In this paper, we solve for the optimal FX intervention strategy of an EM central bank

whose country is exposed to a capital outflow shock, taking explicit account of the zero lower

bound on reserves. For purposes of tractability, we focus exclusively on a stylized theoretical
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framework where the central bank has an exchange rate target subject to an exchange rate

equation, the latter of which nests various forms of limited capital mobility, such as imperfect

asset substitutability (Kouri, 1976, and Blanchard, Giavazzi, and Sa, 2005) and imperfect

arbitrage owing to balance sheet constraints on international financial intermediaries (Gabaix

and Maggiori, 2015). We abstract from alternative policy tools such as policy rates in order

to focus on the intervention policies. Nevertheless, despite the stylized framework, our core

insights will be applicable across a broad range of more elaborate model set-ups.

Relative to the inflows literature (for example, Ostry, Ghosh, and Chamon, 2012, and

Cavallino, 2015), on a conceptual level, we move from an environment where intervention

can occur without bound to one where intervention has a natural limit. On a technical level,

we move from a solution concept based on perturbations around a steady state to a global

solution concept where the zero bound on reserves binds after some histories of shocks and

policy choices. We use a Ramsey optimal planning approach and are interested in outflow

episodes for which the probability that FX intervention can fully offset the entire sequence

of capital outflow shocks is less than one.

We pay special attention to the role of commitment, because imperfect capital mobility

combines with the possibility that reserves may run out to robustly generate a time inconsis-

tency problem. Our twin focuses on the depletion of reserves and on the derivation of both

full commitment and time consistent solutions mark departures from existing models in the

literature.

We prove that a central bank with commitment is able to engineer a gentle exchange rate

depreciation to the pure float level. It does so by promising a path of sustained intervention,

which is aggressive enough so that reserves are fully depleted after particularly adverse shock

histories. The expectation of intervention at a future date within the outflow episode helps

stabilize the exchange rate today.

However, the full commitment solution is not time consistent. If the central bank can

ignore past promises and simply re-optimize at every date, it intervenes less, both because it

wishes to preserve reserves at every date for its own future use in case the shock continues,

and also because it recognizes that in the absence of credible promises, the level of the stock

of reserves in its vault is the only observable variable that bolsters investors’ exchange rate

expectations. In fact, irrespective of the history of shocks, reserves never run out. The

consequence is a larger exchange rate depreciation as soon as the outflow episode begins.

Next, we examine the case of partial commitment: when the central bank can commit

to follow simple intervention rules. We demonstrate that simple exchange rate pegs and

intervention rules that offset a fixed fraction of the shock in every period may achieve welfare

gains above the purely discretionary time consistent solution.
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Finally, we prove that the severity of the time inconsistency problem is related to the

persistence of the shock. The more persistent is the shock, the longer the outflow episode is

expected to last, and the more important are investors’ expectations of future interventions

in terms of determining the exchange rate today. Therefore, the absence of credible promises

to intervene in the future becomes more costly in welfare terms. Conversely, if the outflow

shock is known to occur for one period only and disappear thereafter, the optimal policies

under full commitment and time consistency perfectly coincide.

Our full commitment and time consistent solutions represent boundary cases spanning

the set within which EM central banks lie. Central banks which have a higher degree of

commitment, perhaps acquired through a history of fulfilled promises made to investors, can

fruitfully provide “forward guidance” regarding intervention policies after persistent shocks,

while those with partial commitment can announce simple intervention rules. Central banks

with poor commitment power may have no choice but to accumulate substantial reserves

before the outflow episode begins. After transitory shocks, policy commitments stretching

into the future are not needed, and all central banks intervene in a similar manner.

The remainder of the paper is structured as follows. Section 2 presents the preferences

and feasibility constraints of our stylized framework. The subsequent two sections solve

this problem for the deterministic case. Section 3 characterizes the optimal solution under

full commitment, which is also the second-best benchmark in welfare terms. Section 4

characterizes the time consistent solution. Section 5 moves from the deterministic to the

stochastic case. It compares full commitment and time consistent solutions for various levels

of shock persistence. Section 6 compares the welfare levels of the full commitment and time

consistent cases to the levels achieved under simple intervention rules. Section 7 concludes

with some policy implications.

2. Stylized Model

We draw on a stylized theoretical framework which captures in reduced form some key

features of the foreign exchange market and EM policymakers’ preferences. All variables

are in log terms. Our model is tractable enough to enable the construction of both full

commitment and time consistent solutions.

Our starting point is a simple model of exchange rate determination motivated by imper-

fect arbitrage between domestic and foreign assets. The capital flows equation is as follows:

kt
(
st
)

= a
(
Estet+1

(
st+1

)
− et

(
st
))

+ zt
(
st
)
, (1)

where kt represents capital outflows, et is the exchange rate (defined so that an increase

means a depreciation), and zt denotes a capital outflow shock. st is the state of nature

in period t = 0, 1, 2, ... and st ≡ {s0, s1, s2, ..., st} is the history of shocks up to period t.
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Estet+1 (st+1) ≡
∑

st+1�st et+1 (st+1) is the expected exchange rate for period t + 1 over the

histories st+1 which are feasible given the history st up to period t.

This specification nests several underlying reasons for imperfect perfect capital mobility.

It is inspired by the portfolio balance models of Kouri (1976) and Blanchard, Giavazzi, and Sa

(2005), where uncovered interest parity is violated because of the imperfect substitutability

of domestic and foreign assets. It is also consistent with (and is algebraically close to) the

framework in Gabaix and Maggiori (2015), where there is a limit to the arbitrage between

domestic and foreign assets because the international financial intermediaries who must

conduct such arbitrage face balance sheet constraints.

We implicitly assume that the domestic and foreign interest rates are identical or that

the wedge between them is constant (and therefore absorbed into the shock zt (st)), so that

the policy rate is not a separate item in the toolkit. As the parameter a→∞, the equation

above tends to the standard uncovered interest parity condition.1

We impose a simple linear formulation for the current account surplus:

cat
(
st
)

= cet
(
st
)
, (2)

which is normalized so that the current account is in balance when et (st) = 0.

Finally, the central bank’s policy variable is the level of sterilized FX intervention ft (st):

ft
(
st
)
≡ Rt

(
st−1

)
−Rt+1

(
st
)

(3)

subject to the constraints:

ft
(
st
)
≥ 0 and Rt+1

(
st
)
≥ 0, (4)

where Rt (st−1) is the stock of reserves that is available at the beginning of time t and is

determined by the FX intervention policies up to time t − 1, and R0 is the exogenous level

of initial reserves. The constraint that reserves cannot go below zero will drive the results in

this paper. Since we are focused on an outflow episode, we impose that reserve accumulation

is not possible. Our core results are robust to the relaxation of this assumption.

The balance of payments identity is as follows:

kt
(
st
)
≡ cat

(
st
)

+ ft
(
st
)
. (5)

Substituting equations (1), (2), (3) and (4) into the identity (5), we derive the reduced set

of equations that fully characterizes the feasible set of the model.

1Our parameter a corresponds to the variable 1
Γ in the framework of Gabaix and Maggiori (2015), where

Γ is related to the portion of shareholders’ funds that financial intermediaries are able to steal, and therefore
measures the strength of financial frictions for investors. As a→∞, Γ→ 0 and financial frictions disappear,
so perfect arbitrage becomes possible.
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Definition 1 (Reduced form model) The reduced form version of the model is described

by the equations for the exchange rate and FX intervention:

et
(
st
)

=
1

a+ c

(
zt
(
st
)
− ft

(
st
)

+ aEstet+1

(
st+1

))
(6)

ft
(
st
)

= Rt

(
st−1

)
−Rt+1

(
st
)

(7)

ft
(
st
)
∈
[
0, Rt

(
st−1

)]
(8)

The exchange rate equation can be iterated forward to yield:

et
(
st
)

=
1

a+ c
Est

∞∑
i=0

(
a

a+ c

)i [
zt+i

(
st+i
)
− ft+i

(
st+i
)]
. (9)

Therefore, FX intervention has traction on the exchange rate. This result is consistent with

the empirical evidence for EM countries in Blanchard, Adler, and Filho (2015) and Adler,

Lisack, and Mano (2015). Our model also includes an expectations channel: FX intervention

to support the exchange rate in future periods supports the exchange rate today as well. In

our model, one unit of FX intervention today appreciates the exchange rate by 1
a+c

today,

while one unit of FX intervention tomorrow appreciates the exchange rate today by the lower

amount a
(a+c)2

.

We denote the pure float exchange rate level e (st) as the level of the exchange rate in

the absence of intervention.

While the general formulation above is valid irrespective of the shock process, through-

out this paper we will limit attention to two different stochastic processes, for illustrative

purposes.

Definition 2 (Capital outflow shock) The outflow shocks {zt (st)}∞t=0 are assumed to have

one of the following structures:

• Deterministic constant: zt (st) = z > 0 for all t and st.

• Finite markov with absorbing state: {zt (st)}∞t=0 evolves according to following Markov

transition matrix, where the columns represent zt (st) and the rows represent zt+1 (st+1):

z 0

z

0

[
p 1− p
0 1

]
,

(10)

where z0 (s0) = z > 0.
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The deterministic shock involves a constant outflow forever, which means that irrespective

of the initial level of reserves, it is impossible to offset the entire shock. The stochastic shock

begins at an outflow level of z and then in every period, it has a probability p of persisting at

the same level into the next period, and a probability 1− p of falling to zero and remaining

there forever. Irrespective of the initial level of reserves, the probability that FX intervention

can fully offset the entire sequence of capital outflow shocks is less than one.

Sections 3, 4, and 5 are devoted to the case of deterministic outflows, and characterize

respectively the full commitment solution, time consistent solution, and the solutions under

simple FX intervention rules. Section 6 focuses on the stochastic outflows case.

Finally, the central bank’s objective function shows a preference for stabilization.

Definition 3 (Welfare Objectives) Given a discount factor β ∈ [0, 1), a given state-

contingent sequence of FX intervention {ft (st)}∞t=0 is evaluated in terms of the deviations of

the sequence of exchange rates {et (st)}∞t=0 from a given target e?:

W (
{
ft
(
st
)}∞

t=0
) = −Es0

[
∞∑
t=0

βt
(et (st)− e?)2

2

]
. (11)

We can interpret e? 6= e (st) as an exchange rate peg or, alternatively, as the level of

the exchange rate that is optimal within the short period of the specific outflow episode

under consideration, following which the optimal exchange rate level may change. The

latter interpretation is the more realistic one for EMs with managed floats.

This specification captures in reduced form the notion that exchange rate fluctuations

can be destabilizing under certain conditions, for example by causing adverse shifts in the

terms of trade for households (Cravino and Levchenko, 2015), or by tightening the borrow-

ing constraints of domestic agents who borrow in foreign currency (Aghion, Bacchetta, and

Banerjee, 2001, and Mendoza, 2002). Such a notion is likely to be true over a short-term

horizon when the exchange rate is being driven by global financial shocks (for example,

a portfolio balance shock for external investors) disconnected from macroeconomic funda-

mentals, in an environment where financial constraints affect foreign investors (who cannot

perfectly arbitrage returns) and/or domestic residents (who cannot perfectly hedge their

foreign interest burden).2

2Gabaix and Maggiori (2015) show how such shocks can drive exchange rates independent of underlying
EM fundamentals, echoing a long line of research on noise traders and non-fundamental noise in financial
markets (see, for example, Jeanne and Rose, 2002). Cavallino (2015) proves that a squared quadratic term
for the exchange rate around its steady state level e∗ will naturally be a part of the central bank’s objective
function after a portfolio balance shock in a standard new Keynesian framework augmented with financial
frictions, when the policy rate is not included as an instrument in the policymaker’s toolkit.
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3. The Deterministic Case under Commitment

In this section and the following one, we focus on the deterministic capital outflow shock

described in definition 2, where zt (st) = z > 0 for all t and st. The pure float exchange rate

is now e (st) = e = z
c
. The value of every variable depends only on time t and not otherwise

on the state of nature st, so the path of every variable {xt (st)}∞t=0 can now be written simply

as {xt}∞t=0. Expectation terms are no longer needed, because there is no uncertainty, so

Estxt+1 (st+1) can be written simply as xt+1.

A central bank with full commitment credibly commits in period t = 0 to the FX inter-

vention policy {ft}∞t=0 over the entire future. This promised FX intervention policy pins down

the entire path of exchange rates {et}∞t=0. All policy promises are feasible and unbreakable,

so foreign investors do not expect central banks to go back on their word.

Full commitment is not a realistic assumption for central banks in practice. Nevertheless,

exploring our stylized framework under full commitment is a helpful expositional device, and

the solution of the model under the assumption of full commitment establishes the second

best policy path and welfare level.3

The central bank’s optimization problem under full commitment is described as follows.

Definition 4 (Commitment problem) The commitment solution comprises paths of FX

intervention {ft}∞t=0, exchange rates {et}∞t=0 and reserves stocks {Rt+1}∞t=0 which solve:

W FC (R0) = max
{ft}∞t=0

−
∞∑
t=0

βt
(et − e?)2

2

subject to, for each period t:

Γt : et =
1

a+ c
[z̄ − ft + aet+1]

Θt : Rt −Rt+1 = ft

Ψt : ft ≥ 0

Φt : Rt ≥ ft

Λ : R0 ≥
∞∑
t=0

ft

where the respective multipliers on the (in)equalities are denoted by Γt, Θt, Ψt, Φt, and Λ.

The initial level of reserves R0 is given exogenously.

3The maximum welfare achieveable through the use of FX intervention will be below the first best welfare
level because reserves are by nature a non-contingent instrument, and therefore are welfare-inferior to the
first best instrument of history-contingent insurance.
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Notice that in each period t, the exchange rate et is affected by the FX intervention in

the same period ft and by the next period’s exchange rate et+1. The latter variable is a

sufficient statistic capturing the effect of the entire promised path of future FX interventions

{ft+i}∞i=1 on et. This insight enables us to make the following observation.

Lemma 1 (Bellman representation) The commitment problem can be written in the fol-

lowing Bellman form:

vFC (R, µ) = max
f,µ′

{
−(e− e∗)2

2
+ βvFC (R− f, µ′)

}

subject to:

γ : e =
1

a+ c
[z̄ − f + aµ′]

θ : R−R′ = f

ψ : f ≥ 0

φ : R ≥ f

δ : µ = e

σ : µ′ ≥ ē− 1

a+ c
R′

where the respective multipliers on the (in)equalities are denoted by γ, θ, ψ, φ, δ, and σ, and

where the final constraint is derived recursively from the definition of the feasible set M (R):

M (R) =

{
µ : µ =

1

a+ c
(z − f + aµ′) for some µ′ ∈M (R′) and f = R−R′ ∈ [0, R]

}
Therefore, the infinite-horizon problem can be broken down into a sequence of two-

period problems, in each of which the central bank has two policy instruments: today’s FX

intervention f (which must validate the promise µ for today’s exchange rate that has been

inherited from the past) and today’s promise for tomorrow’s exchange rate µ′. The variable

µ is a pseudo-state variable, in the terminology of Kydland and Prescott (1980), and we need

to add the separate “promise-keeping” constraint, µ = e, to keep track of it. The feasible set

for promises µ′ is derived recursively. According to the equation for M (R′) shown above,

the zero lower bound on reserves generates a lower bound for the exchange rate that can be

promised for the next period.

In what follows, we proceed bearing all the above insights in mind, but in formal terms,

we stay within the notation of the infinite-horizon problem. We return to the Bellman

representation again in section 4, because the time consistency problem can be solved only

by recursive methods.

In order to solve the full commitment problem, we first derive the marginal value of
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reserves for any period t.

Definition 5 (Marginal value of intervention) The marginal value of intervention at

date t is:

Γt =
t∑

u=0

βu
(

a

a+ c

)t−u
(eu − e∗) . (12)

The marginal value of intervention is positive in every period, and its time path depends

on the interplay between opposing forces. On the one hand, FX intervention in any period

t appreciates exchange rates in all periods leading up to period t itself. This effect grows as

t increases, causing the marginal value of intervention to increase over time. On the other

hand, the central bank’s welfare criterion discounts the future, and today’s intervention has

a stronger effect on today’s exchange rate than does intervention at future dates. These

factors tend to reduce the marginal value of intervention over time.

Lemma 2 (No intervention case) When {ft}∞t=0 = {0}, the marginal value of interven-

tion is hump-shaped with one maximum in period t∗ = arg max
t
{Γt} > 0.

Lemma 3 (Small initial reserves) If the initial level of reserves is very small, then it is

optimal to use all reserves in period t∗.

Figure 1 illustrates the solution to the problem for a small level of initial reserves. Even

though the outflow episode begins at t = 0, the optimal strategy of the central bank is not to

intervene at t = 0, but at some point in the future t∗ > 0. The promised future intervention

causes all prior exchange rates to appreciate slightly below the pure float level e.

Figure 1: Full Commitment, Small Initial Reserves R = 0.1
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1.8
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The general solution for larger levels of reserves follows the principle that reserves are

optimally used in periods when the marginal value of intervention is the highest.
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Proposition 1 (Euler condition) At any date t such that ft is in the interior of its fea-

sible set:

Γt = (a+ c) Λ (13)

(et − e∗) = β (et+1 − e∗) . (14)

Using the fact all reserves are eventually used, the first order condition can be integrated

to yield the optimal solution:

Theorem 1 (Commitment solution) There exists [t1, T ] ⊆ [0,∞) such that:

ft = aet+1 − (a+ c) et + z̄

{
> 0 ∀t ∈ [t1, T ]

= 0 ∀t /∈ [t1, T ]
(15)

et =


ē
(

1−
(

a
a+c

)t1−t)+
(

a
a+c

)t1−t et1 ∀t ∈ [0, t1)

e∗ + βT+1−t (ē− e∗) ∀t ∈ [t1, T ]

ē ∀t ∈ [T + 1,∞)

(16)

Rt+1 = Rt − ft
{
> 0 ∀t < T

= 0 ∀t ≥ T
(17)

(ē− e∗)
{
c (T + 1− t1) + [a− (a+ c) β]

1− βT+1−t1

1− β

}
= R0. (18)

Corollary 1 (Intervention path) The intervention period [t1, T ] satisfies:

t1

{
> 0 for R0 < R

= 0 for R0 ≥ R

lim
R0→∞

T =∞.

Within [t1, T ], FX intervention satisfies

ft =

[
a

β
− (a+ c)

]
et + a

[
1− 1

β

]
e∗ + z̄. (19)

which is upward-sloping when β < a
a+c

, downward-sloping when β > a
a+c

and flat when

β = a
a+c

.

Therefore, for a positive level of initial reserves R0, there exists a non-empty subset of

periods [t1, T ] at which FX intervention is optimal. FX intervention begins at t1 and reserves

run out at T . In general, t1 > 0 so that intervention does not begin immediately at date

t = 0, even through the outflow shock does. As the level of reserves gets larger, t1 gets
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smaller and T gets larger. For initial reserves R0 sufficiently large, t1 = 0. As R0 → ∞,

T →∞ and the exchange rate is perfectly stabilized at the target e∗.

During [t1, T ], the schedule of FX intervention may be upward-sloping or downward-

sloping, depending on whether β is smaller than or larger than a
a+c

.

We illustrate this result using figure 2, where we have chosen baseline parameters such

that β = a
a+c

, e∗ = 0, and z̄ = 0.1.

Figure 2: Full Commitment, Various Values of R
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Look first at the graphs for R0 = 1. As soon as the shock strikes at date t = 0, there is

some depreciation of the exchange rate. During the periods [0, t1), there is no FX intervention

but the exchange rate appreciates in the anticipation of future FX intervention. During the

periods of intervention [t1, T ], the deviation of the exchange rate from its target e∗ grows

by a factor of 1
β

in every period. At the end of the period of intervention, reserves run out

and the exchange rate remains at ē forever. The higher is the level of initial reserves R0,

the earlier that intervention begins and the later that reserves run out, so the greater the

stabilization of the exchange rate.

Proposition 2 (Comparative statics) During [t1, T ], the exchange rate depreciation de-

pends only on the preference β and the path of the target e∗, not on the constraint parameters

a and c. The constraint parameters do affect how fast reserves run out: the lower is β relative

to a
a+c

, the lower is T .

Figures 3 and 4 show some comparative statics exercises to illustrate proposition ?? in

more detail. The higher is a, the less traction of FX intervention on the exchange rate, but

intervention is actually more valuable on the margin because it is as if the central bank has

“less” reserves. There is a sharper immediate depreciation above e∗ to begin with, and FX

intervention is concentrated in future periods, during which the deviation of the exchange

rate from e∗ is the largest. The intervention interval [t1, T ] shrinks.

The higher is β, the more the central bank values welfare in future periods, so the lower

the optimal rate of depreciation. There is a greater immediate depreciation above e∗ to begin

12



with, but after that the depreciation rate is lower. The intervention interval [t1, T ] expands,

so FX intervention is more spread out over time, and intervention becomes downward-sloping

over that interval.

Figure 3: Full Commitment, Various Values of a
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Figure 4: Full Commitment, Various Values of β
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Finally, we conclude this section with an observation which motivates the next section.

Remark 1 (Time consistency) The commitment solution is not time consistent.

Under full commitment, the central bank promises to intervene in the future because

intervention further in the future affects exchange rates over a longer time period. This

logic holds in every period, so if the central bank is allowed to re-optimize tomorrow, the

new optimal FX intervention strategy will involve postponing intervention by one more day.

Actual intervention will always be below the second best benchmark.

The easiest way to see this is when the optimal strategy under commitment does not in-

volve any FX intervention during the first few periods, as is the case under several parameter

specifications in figures 2, 3 and 4. Then a central bank undertakes no intervention in period

t = 0 and promises intervention for some intervention interval [t1, T ]. When the central
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bank re-optimizes in any future period t, it again undertakes no intervention in period t and

promises intervention instead for some intervention interval [t1 + t, T + t].

Clearly, investors should never believe the promises of a central bank who can re-optimize

its entire future path of intervention in some future period t, ignoring the promises made in

previous periods.

4. The Deterministic Case under Time Consistency

When the central bank has no commitment power at all, its promises regarding FX interven-

tions at future dates are no longer credible. Instead, the solution for FX intervention must

be time consistent: the central bank re-optimizes in every period, ignoring the promises of

the past. Therefore, neither the optimal policy nor investors’ exchange rate expectations

depend on such promises. Instead, they depend on the only state variable of the problem:

the level of reserves. The FX intervention policy and exchange rate policy can be written as

the functions f (R) and e (R) respectively.

Just as the full commitment solution established an upper bound for the welfare of EM

central banks, the time consistent solution establishes a lower bound. In practice, most

central banks have an intermediate degree of commitment power, lying somewhere between

the two extremes.

The central bank’s optimization problem under time consistency is described as follows.

Definition 6 (Time consistent problem) The time consistent FX intervention policy f (R)

and exchange rate policy e (R) satisfy the following conditions:

• They are infinitely differentiable: e ∈ C∞ ([0,∞)) and f ∈ C∞ ([0,∞)).

• They are fixed points of the Bellman operator:

vTC (R) = max
f

{
−(e (R)− e∗)2

2
+ βvTC (R− f (R))

}

subject to:

γ : e(R) =
1

a+ c
[z̄ − f(R) + ae(R− f(R))]

θ : R−R′(R) = f(R)

ψ : f(R) ≥ 0

φ : R ≥ f(R)

where the respective multipliers on the (in)equalities are denoted by γ, θ, ψ, and φ.

• Within the set of allowable functions, they maximize W (R0).
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Unlike the full commitment problem, the time consistent solution can only be derived as

a fixed point to a Bellman operator. Comparing remark 1 to definition 6, we can see that

the crucial difference between the full commitment and time consistent solutions is that the

central bank cannot make a wide range of credible promises in the time consistent case. In

economic terms, the central bank must now take as given the function describing investors’

expectations about next period’s exchange rate, where those investor expectations come from

knowing that the central bank will again face the same Bellman problem at every date in

the future.

There are a couple of technical issues to clarify. Firstly, we assume that the functions of

interest are infinitely differentiable, because otherwise, there is eventually some region of R

for which the policy functions f (R) and e (R) are not defined. Secondly, for any functions

f (R) and e (R) which satisfy the first two conditions, all horizontal translations of f (R)

and e (R) also satisfy the same conditions, but there is a clear welfare ranking between

the allowable functions: those solutions which entail fuller use of reserves throughout time

achieve greater welfare. The third bullet in definition 6 is necessary in order to pick the

solution with the highest welfare.

Proposition 3 (Reserves undepleted) f (R) < R for all R.

A policy function f (R) which allows depletion of reserves for any R is non-differentiable,

which generates kinks in the policy function and some region of R for which the policy

functions f (R) and e (R) are not defined. Next, assuming that the FX intervention rule is

always interior, we derive the following first order condition.

Proposition 4 (Generalized Euler equation) Let f (R) and e (R) be solutions to 6. Then

they satisfy the following generalized Euler equation and the exchange rate equation:

(e (R)− e∗) [1 + aeR (R− f (R))] = β (e (R− f (R))− e∗) . (20)

e (R) =
1

a+ c
[z − f (R) + ae (R− f (R))] (21)

Notice the formal similarity with the first order conditions from the full commitment case.

In the full commitment case, the Euler condition equalizes the marginal value of intervention

as of date t = 0. In the time consistent case, the optimal policy equalizes marginal utility

every period between today and tomorrow, taking into account the fact that intervening

more tomorrow increases the exchange rate today through the expectations channel (hence

the term eR).

We can derive some analytical conditions about the shape of the solutions.
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Proposition 5 (Fixed point functions) Let f (R) and e (R) be a pair of functions satis-

fying definition 6. Then:

• e∗ < e (R) < ē for all R.

• e (R) is decreasing and strictly convex

• f (R) is increasing and strictly concave

• vTC is increasing and strictly concave

Next, we take advantage of the tractable nature of our stylized model in order to solve

numerically for the time consistent solution f (R) and e (R). We use the following procedure.

The first step of our numerical procedure is to construct a two-part guess for the shape

of the policy functions. We guess that near R = 0, the functions behave according to their

Taylor series expansion evaluated at R = 0.4

Lemma 4 (Taylor expansion at R = 0) For two functions f (R) and e (R) satisfying def-

inition 6 such that f (0) = 0, we can derive:

• e (0) = e

• e(1)(0) = β−1
a

• f (1)(0) = 1−β
β

c
a

Furthermore, for k > 0 the derivatives e(k+1)(R) and f (k)(R) are determined by k-th order

Taylor approximation of equations (20) and (21).

We guess that as R → ∞, the functions f (R) and e (R) converge to the levels implied

by the full commitment solution, with e (R)→ e∗ and eR (R)→ 0.

The second step of our numerical procedure is to put this two-part guess for the shape

of the policy functions into a simultaneous equation solver for equations (20) and (21). We

use the Levenberg-Marquardt method and cubic splines to interpolate and calculate the

derivatives eR (R).

Figure 5 illustrates our numerical solution for the policy functions f (R) and e (R) in the

time consistent case. FX intervention is low near R = 0 and converges to a fixed value as

R→∞. The exchange rate at e at R = 0 and converges to e∗ as R→∞.

4Appendix A.1 shows the Taylor expansions for f (R) and e (R) at R = 0, for higher and higher orders.
The notion that the functions converge around R = 0 is tenable. However, the Taylor expansions for f (R)
and e (R) do not converge as R→∞.
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Figure 5. Time Consistent Policy Functions
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Proposition 6 (Time consistent solution) The time paths {ft}∞t=0 and {et}∞t=0 satisfy:

e? < et < et+1 < e ∀t

0 < Rt+1 < Rt ∀t

As t→∞, the convergence rates of reserves and the exchange rate depend only on preference

parameter β and constraint parameters a and c, but not on the shape of the central bank’s

welfare function:

Rt → 0

Rt+1

Rt

→ 1− 1− β
β

c

a

et+1 − e
et − e

→ 1− 1− β
β

c

a

As R→∞, the time consistent solution converges to the full commitment solution:

ft → z

et → e∗

et+1 − e
et − e

→ 1

β
.

The last set of results indicates that the time consistency problem is related to the level

of reserves. Specifically, the possibility of reserves running out—which is the innovation in

our approach—combines with imperfect capital mobility in order to give rise to the time

consistency problem.

Figure 6 illustrates the time consistent solution for the specification β = a
a+c

, e∗ = 0, and

z̄ = 0.1. FX intervention begins as soon as the outflow episode begins at t = 0, and then

diminishes over time. Intervention actually occurs in every period, but is much lower than
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z̄ in all periods. The exchange rate depreciates more in the first period than it does in the

full commitment case. Reserves never run out, because intervention becomes miniscule at

low reserve levels.

Figure 6: Time Consistent, R = 1
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The intuition for this result is that in the time consistent case, the central bank feels

no obligation to fulfil any past promises and it knows that investors’ expectations depend

positively on the level of reserve left at the end of each period. For both these reasons, the

central bank wishes to preserve reserves in this period and retain some room for maneuver

in future periods. Therefore, the time consistent solution involves low FX intervention

and features poor exchange rate stabilization. In practice, central banks with low levels of

commitment may hesitate to use any of their previously accumulated reserves.

Proposition 7 (Comparative statics) The following comparative statics results hold with

respect to a:

lim
a→∞

f (R) = 0 for all R

lim
a→0

f (R) = z̄ for all R,

and the following results hold with respect to β:

lim
β→1

f (R) = 0 for all R.

This proposition is illustrated by the remaining figures of this section.

Figure 7 illustrates how the time consistent solution varies with a. The higher is a,

the less traction of FX intervention on the exchange rate, and the central bank opts to

stabilize investors’ exchange rate expectations by keeping more reserves in its vaults and by

conducting less FX intervention in every period. As a→∞, FX intervention is useless, and

therefore is never used. Conversely, notice that as a → 0, the greater the traction of FX
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intervention on the exchange rate, and it is as if the central bank has an “infinite” volume

of reserves. Therefore, the time consistent intervention rises to z̄.

Figure 7: Time Consistent, Various Values of a
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Figure 8 illustrates how the time consistent solution varies with β. The higher is β, the

more the central bank values welfare in future periods, so even greater is the temptation for

the central bank to keep reserves for the future instead of spending them today. There is a

greater immediate depreciation above e∗ to begin with. In the limit as β → 1, there is no

FX intervention in any period at all.

Figure 8: Time Consistent, Various Values of beta
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Therefore, relative to the full commitment case, central banks experience a reduction

in welfare when they lack the power to commit to future FX intervention policies, and the

reduction in welfare may be severe for some parameter specifications. In this light, we turn

next to possible remedies.
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5. Simple FX Intervention Rules

In the preceding section, we have seen that lack of commitment prevents an EM central bank

from intervening to sustain the exchange rate as aggressively as it would do if it were able

to commit. In this section we consider a central bank with a partial degree of commitment

power. In other words, it does have the ability to commit to some simple FX intervention

rules which are easy to communicate to investors, but it remains unable to commit to the

general full commitment path. We wish to assess whether by committng to such rules, a

central bank can raise its welfare above the purely discretionary time consistent level.

We consider two rules: an exchange rate peg and a volume intervention rule, both indexed

by a parameter κ ∈ [0, 1] which captures how aggressive intervention is under the rule (the

higher is κ, the more aggressive is the intervention).

Definition 7 (Exchange rate peg) An exchange rate peg indexed by parameter κ ∈ [0, 1]

is characterized by:

et = κe∗ + (1− κ) e until Rt = 0. (22)

Definition 8 (Volume intervention) A volume intervention rule indexed by parameter

κ ∈ [0, 1] is characterized by:

ft = κz̄ until Rt = 0. (23)

The time paths for FX intervention {ft}∞t=0 and exchange rates {et}∞t=0 implied by such

rules are as follows. We assume that e∗ = 0.

Proposition 8 (Exchange rate peg solution) Under an exchange rate peg, there exists

T such that:

ft =


z̄ for t < T

z̄ + e [a− (a+ c) (1− κ)] for t = T

0 for t > T

(24)

et =

{
κe∗ + (1− κ) e for t ≤ T

e for t > T
(25)

Rt+1 = Rt − ft
{
> 0 ∀t < T

= 0 ∀t ≥ T
(26)

z̄ (T − 1) < R0 − e [a− (a+ c) (1− κ)] ≤ z̄T (27)

Proposition 9 (Volume intervention solution) Under a volume intervention rule, there

exists T such that:

ft =

{
min {z̄, Rt} for t ≤ T

0 for t > T
(28)
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et =

{ (
a
a+c

)T+1−t
e for t ≤ T

e for t > T
(29)

Rt+1 = Rt − ft
{
> 0 ∀t < T

= 0 ∀t ≥ T
(30)

z̄ (T − 1) < R0 ≤ z̄T (31)

Figure 9 illustrates the FX intervention and exchange rate paths for the simple FX

intervention rules as well as for the full commitment and time consistent solutions, for the

specification β = a
a+c

, e∗ = 0, z̄ = 0.1, and κ = 1. The exchange rate peg keeps the exchange

rate at the target level e∗ for some time by fully offsetting the capital outflow shock z̄, but

intervention spikes in the final period T , when investors pull their money out of the country

in anticipation of the break of the peg. This spike in intervention at the end of the peg

curtails the duration of the peg. The volume intervention rule also fully offsets the capital

outflow shock z̄, but the exchange rate now depreciates smoothly at rate a+c
a

. In the figure,

this rate is the same as 1
β
, but notice that the volume intervention rule involves intervention

starting and ending at suboptimal times relative to the full commitment case.

Figure 9. Policy Comparisons for the Deterministic Case
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Notice that both of the simple intervention rules generate higher intervention than the

time consistent case at the beginning of the outflow episode. Therefore, the immediate

exchange rate depreciation in period t = 0 is lower with the simple rules than it is in the

time consistent case.

Proposition 10 (Welfare comparison) We can make the following statements regarding

the central bank’s welfare:

• the full commitment solution generates a higher welfare than any other solution.

• the purely discretionary time consistent solution generates a higher welfare than in the

absence of intervention.
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• there exists κ ∈ [0, 1] such that the exchange rate peg generates higher welfare than the

time consistent solution.

• there exists κ ∈ [0, 1] such that the volume intervention rule generates higher welfare

than the time consistent solution.

Figure 10 illustrates the welfare levels under full, zero, and partial commitment, for

various levels of κ. All the solutions achieve a level of welfare that is higher than the

no-intervention case. The exchange rate peg and volume intervention rule achieve higher

welfare than the time consistent solution, primarily because they prevent the large immediate

depreciation associated with time consistency. Therefore, if a central bank has the partial

commitment power needed to commit to simple intervention rules, it chooses to commit to

such rules instead of using pure discretion. Finally, as expected, the simple rules achieve

lower welfare than the full commitment case.

Figure 10. Welfare Comparisons for the Deterministic Case
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6. The Stochastic Case

In this section, we explore the relationship between the time consistency problem and the

persistence of shocks. In order to do this, we solve the stochastic capital outflow shock

described in definition 2, where zt (st) = z > 0 for t = 0, and then in every period, the shock

has a probability p of persisting at the same level into the next period, and a probability

1 − p of falling to zero and remaining there forever. The pure float exchange rate is now

e (st) =
zt(st)

a(1−p)+c , which is positive in periods when the shock strikes and zero forever once

the shock disappears.
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6.1. Analytics for Full, Zero, and Partial Commitment

First, we state the central bank’s full commitment problem in the general stochastic case,

drawing heavily on the concepts in section 3 and the notation in section 2.

Definition 9 (Commitment problem) The commitment solution comprises paths of FX

intervention {ft (st)}∞t=0, exchange rates {et (st)}∞t=0 and reserves stocks {Rt+1 (st)}∞t=0 which

solve:

W FC (R0, s0) = max
{ft(st)}∞t=0

− Es0
∞∑
t=0

βt
(et (st)− e?)2

2

subject to, for each period t:

Γt(s
t) : et(s

t) =
1

a+ c

[
zt(s

t)− ft(st) + aEstet+1(st+1)
]

Θt(s
t) : Rt(s

t−1)−Rt+1(st) = ft(s
t)

Ψt(s
t) : ft(s

t) ≥ 0

Φt(s
t) : Rt(s

t−1) ≥ ft(s
t)

Λ : R0 ≥
∞∑
t=0

ft(s
t)

where the respective multipliers on the (in)equalities are denoted by Γt (st), Θt (st), Ψt (st),

Φt (st), and Λ. The initial level of reserves R0 and the initial state of nature s0 are given

exogenously.

Notice that in each period t after history st, the exchange rate et (st) is affected by the

FX intervention in the same period ft (st) and by the expectation of next period’s exchange

rate Estet+1 (st+1). The latter variable is now a sufficient statistic capturing the effect of the

entire promised history-contingent path of future FX interventions {ft+i (st+i)}
∞
i=1 on et (st).

Again, we present the recursive form of the full commitment problem.

Lemma 5 (Bellman representation) The commitment problem can be written in the fol-

lowing Bellman form:

vFC (R, µ, s−1) = max
f(s),µ′(s)

Es−1

{
−(e (s)− e∗)2

2
+ βvFC (R− f (s) , µ′ (s))

}
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subject to:

γ : e(s) =
1

a+ c
[z(s)− f(s) + aµ′(s)]

θ : R−R′(s) = f(s)

ψ : f(s) ≥ 0

φ : R ≥ f(s)

δ : µ = Es−1e(s)

σ : µ′(s) ≥ ē− 1

a+ c
R′(s)

where s represents the state of nature today, s−1 represents the state of nature in the previous

period, and the respective multipliers on the (in)equalities are denoted by γ (s), θ (s), ψ (s),

φ (s), δ, and σ (s), and where the final constraint is derived recursively from the definition

of the feasible set M (R, s−1):

M (R, s−1) =

{
µ (s) : µ (s) = 1

a+c
(z (s)− f (s) + aµ′ (s))

for some µ′ (s) ∈M (R′, s) , f (s) = R−R′ (s) ∈ [0, R] , and s � s−1

}
.

To complete the full commitment case, we present the Euler condition that the solution

must satisfy.

Proposition 11 (Euler condition) At any date t such that ft (st) is in the interior of its

feasible set:

Γt
(
st
)

= EstΓ
(
st+1

)
(32)

c

a+ c

(
et
(
st
)
− e∗

)
+

a

a+ c
Est−1

(
et
(
st
)
− e∗

)
= βEst

(
et+1

(
st+1

)
− e∗

)
. (33)

The equations hold with the inequality ”≥” when reserves have become depleted, Rt (st−1) = 0.

Next, we state the central bank’s time consistent optimization problem in the general

stochastic case, drawing on section 4. The time consistent FX intervention and exchange

rate policy functions now follow the formulations f (R, z) and e (R, z) respectively, where z

represents today’s value of the outflow shock.

Definition 10 (Time consistent problem) The time consistent FX intervention policy

f (R, z) and exchange rate policy e (R, z) satisfy the following conditions:

• f (R, 0) = 0 and e (R, 0) = e∗.

• f (R, z̄) and e (R, z̄) are infinitely differentiable: e (R, z̄) ∈ C∞ ([0,∞)) and f (R, z̄) ∈
(C∞) ([0,∞)).
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• f (R, z̄) and e (R, z̄) are fixed points of the Bellman operator:

vTC (R, z̄) = max
f(R,z̄)

{
−(e (R, z̄)− e∗)2

2
+ βpvTC (R− f (R, z̄) , z̄)

}

subject to:

γ : e(R, z̄) =
1

a+ c
[z̄ − f(R, z̄) + ape(R− f(R, z̄, z̄))]

θ : R−R′(R, z̄) = f(R, z̄)

ψ : f(R, z̄) ≥ 0

φ : R ≥ f(R, z̄)

where the respective multipliers on the (in)equalities are denoted by γ, θ, ψ, and φ.

• Within the set of allowable functions, f (R, z̄) and e (R, z̄) maximize W (R0, z̄).

Definition 10 reflects that fact that for the time consistent solution, once the outflow

shock has ended, there is no FX intervention and the exchange rate remains forever at the

target e∗. Therefore, we simply need to find the functions f (R, z̄) and e (R, z̄), and it turns

out that they are the fixed points of a Bellman operator which is in turn only a slight

transformation of the Bellman operator from definition 6.

Again, we can prove that reserves are never depleted and that the functions satisfy a

generalized Euler equation.

Proposition 12 (Reserves undepleted) f (R, z̄) < R for all R.

Proposition 13 (Generalized Euler equation) Let f (R, z̄) and e (R, z̄) be solutions to

10. Then they satisfy the following generalized Euler equation and the exchange rate equation:

(e (R, z̄)− e∗) [1 + apeR (R− f (R, z̄) , z̄)] = β (pe (R− f (R, z̄) , z̄)− e∗) . (34)

e (R, z̄) =
1

a+ c
[z − f (R, z̄) + ape (R− f (R, z̄) , z̄)] (35)

Figure 11 illustrates the optimal policy functions for the time consistent case, the different

colors indicating solutions for different values of p. For each level of p, the intervention rule

converges to the full commitment intervention z when the level of reserves R is large enough.

As the persistence p declines, the time consistent and full commitment solutions appear to

converge for lower and lower levels of reserves. In the limit as p→ 0, we can prove that the

solutions under full and zero commitment become identical for all levels of reserves.
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Figure 11. Time Consistent Policy Functions, Various Values of p
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The simple intervention rules can be easily applied to the stochastic case, and we do not

go through the algebra again for these rules.

6.2. Comparative Statics for Shock Persistence p

Proposition 14 (Shock persistence) When p = 1, the full commitment and tims consis-

tent solutions are different. As p→ 0, the two solutions coincide.

Figures 12 and 13 illustrate the solutions for full, zero, and partial commitment when

p = 0.8 and when p = 0.6, respectively. For expositional purposes, we assume that there is

zero intervention after the shock has ended (which is the optimal result in the time consistent

case, and a realistic constraint on the full commitment case).

When the degree of persistence p declines, the full commitment intervention begins ear-

lier, overlapping with the volume rule, and the time consistent solutions for both intervention

and the exchange rate become closer to the full commitment solutions. Extrapolating our

findings, when the economy suffers a purely one-off capital outflow shock, there is no differ-

ence at all between the full commitment and time consistent solutions.

Our conclusion is that the time consistency problem is more severe for more persistent

shocks. What is the intuition behind this result?

When the shock is a pure one-off (p = 0), the shock is expected to go to zero for all future

periods, so no intervention is expected in the future. In particular, investors’ expectations

about next period’s exchange rate Estet+1 (st+1) are unaffected by the degree of commitment

of the central bank. Therefore, the optimal policies chosen by the central bank today solve a

simple one-period problem, and are identical in both the full commitment and time consistent

cases.

When the shock is very persistent (p near 1), it is expected to continue for many pe-

riods, so investors’ expectations regarding the central bank’s future interventions becomes

important. The central bank wishes to preserve reserves to last throughout a long outflow
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episode. The central bank with full commitment achieves this by credibly promising to be-

gin intervention later. The central bank with zero commitment cannot do this. Investors

are skeptical of any promises to intervene tomorrow because they know that once tomorrow

comes, the central bank again wants to preserve reserves for future periods, so the promises

of intervention will never be fulfilled.

Figure 12. Policy Comparisons for Shock Persistence p = 0.8
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Figure 13. Policy Comparisons for Shock Persistence p = 0.6
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Therefore, the larger is the persistence parameter p, the more that investors’ expectations

about future periods matter, so the more damaging is a lack of power of the central bank to

commit to intervene in those future periods.

In the previous section, we argued that simple intervention rules can improve welfare

above the purely discretionary time consistent case. Now, we can qualify that claim: rules are

likely to achieve welfare gains above discretion when shocks are very persistent, because for

such shocks, commitment power is very valuable. Figure 14 illustrates the welfare levels under

full, zero, and partial commitment for various levels of κ, for the cases when p = 1, p = 0.8

and p = 0.6. When the degree of persistence p declines, welfare under time consistency gets

closer to the full commitment welfare, and there is a reduction in the range of values of κ for
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which the simple intervention rules yield higher welfare than the purely discretionary time

consistent solution. Therefore, when p declines, the scope for welfare improvements through

the use of rules diminishes.

Figure 14. Welfare Comparisons for Various Values of Shock Persistence p
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6.3. More Details on the Full Commitment Stochastic Case

While this subsection is not necessary for the flow of the paper, we nevertheless include it to

illustrate some peculiarities of the full commitment solution for the stochastic case. These

peculiarities do not affect the propositions that we have already seen, which is why we have

postponed discussion of these features to after the main results.

In the previous subsection, we assumed that there is no intervention after the shock stops.

However, in the general case, a central bank with commitment will try to do more.

Lemma 6 (Post-shock intervention) The unconstrained commitment solution in the stochas-

tic case involves intervention by the central bank in the period after the shock ends, and not

at all thereafter.

Figure 15 illustrates this result. The blue lines plot FX intervention and the exchange

rate in period t conditional on the shock zt (st) = z in period t, while the green dots plot FX

intervention and the exchange rate in period t conditional on the shock zt−1 (st−1) = z and

zt (st) = 0. The central bank supports the exchange rate path during the outflow episode

by committing to intervene heavily in the period after the shock ends (when reserves are

no longer valuable for any future use, but when the exchange rate appreciation can help

support expectations of investors in the previous period, when the shock was still occurring.

From period t = 0 to t = 7, more and more intervention is promised in the period right after

the shock ends. However, after period t = 7, so many reserves have been used up in the

outflow episode already that post-shock intervention cannot be as high as the central bank

would like to commit to. Therefore, there is a kink in the FX intervention and exchange
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rate functions. The expectation of this kink in the function at t = 7 then has a feedback to

make sure that the entire FX intervention path is no longer flat at z as it used to be in the

deterministic case.

Figure 15. Full Commitment Stochastic Case with Post-Shock Intervention

There are two lessons from this result. Firstly, the central bank with commitment tries

to make reserves as state-contingent an instrument as possible, by committing to use them

aggressively when reserves are not valuable anymore (after the shock as ended) so as to spare

their use when they are valuable (when the outflow episode is continuing).

Secondly, full commitment produces rather strange results. Therefore, to get more real-

istic solutions, we imposed a constraint in the previous subsection of this section that the

central bank does not intervene after the shock ends even in the commitment case (this as-

sumption does not change any of the propositions in the previous subsection, but makes the

graphs easier to digest at first glance). The strangeness of the full commitment solution is

another way of saying that assuming full commitment in theoretical work can be highly mis-

leading. Therefore, our solution of the time consistent case should be a valuable contribution

to the literature.
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7. Conclusion

Several policy implications follow immediately from our theoretical results.

Firstly, our results provide new metrics to gauge the appropriateness of the interventions

that we observe in practice. In particular, the intervention schedule must be tied to the

central bank’s assessments for the parameters (including shock persistence) at the beginning

of the episode. Contrary to popular commentaries, exchange rate depreciation and depletion

of reserves are features of the optimal solution under full commitment, and are not necessarily

indicators of failed interventions.

Secondly, the real world is somewhere between full and zero commitment, and the cen-

tral bank’s commitment power today determines the policy options available today. Central

banks with a high degree of commitment power can fruitfully provide “forward guidance”

regarding intervention policies after very persistent shocks, while those with partial commit-

ment power can announce simple intervention rules. After very transitory shocks, no such

policies are needed.

Thirdly, we have a new rationale for low observed intervention following a persistent

shock: rather than a central bank assessment that the economy should adjust because the

steady state has permanently changed, the outcome may simply reflect lack of commitment.

Central banks without commitment tend to guard their reserves instead of intervening.

Fourthly, the feedback effect from future interventions to today’s exchange rate highlights

the difficulty of empirical work. For our full commitment solution in figure 2, the exchange

rate appreciates before any intervention begins and depreciates once intervention occurs, all

in a model where intervention does have traction on the exchange rate.
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A. Appendix: Taylor Series Expansions

In this appendix, we present a series of graphs to provide intuition regarding the Taylor

series expansion of f (R) and e (R) at R = 0 using the equations (20) and (21).

We can see that as the order of the Taylor series increases, there appears to be a radius

of convergence in the neighborhood of R = 0, but not for large R.

Figure A.1. First Order Taylor Expansion

Figure A.2. Second Order Taylor Expansion
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Figure A.3. Third Order Taylor Expansion

Figure A.4. 100th Order Taylor Expansion
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