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Abstract

In the Mundell-Fleming framework, fully flexible exchange rates are optimal because
they insulate economies from shocks through expenditure switching. However, that model
abstracts from imperfections that are supported by empirical evidence and cited by many
emerging markets among the reasons for resorting to policies other than plain vanilla mon-
etary policy and exchange rate flexibility. To fill this gap, we develop a micro-founded
model that characterizes optimal monetary policy, capital controls and foreign exchange
intervention. The framework incorporates a menu of real and financial shocks, and allows
countries to differ across a number of dimensions such as the specific form of nominal
rigidities, prominence of currency mismatches, tightness of borrowing constraints as well
as the depth of foreign exchange markets. The framework then maps these shocks and
country characteristics to optimal policies. The analysis yields a number of broad princi-
ples. For example, if an additional instrument becomes available, it should not necessarily
be deployed because it may not be the right tool to address the imperfection at hand. The
use of a new policy instrument can lead to more or less use of the existing ones as instru-

ments interact with each other in nontrivial ways.
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1 Introduction

The Mundell-Fleming model remains the workhorse framework for the analysis of small open economies
in the policy space. In that model, flexible exchange rates are optimal, and can deliver full employ-
ment together with low inflation after domestic and external shocks. This is partly because of a
powerful expenditure-switching channel that operates on both the import side and the export side.
However, the world is more complex than modeled in the Mundell-Fleming framework: the inflexi-
bility of prices can take different forms, and international and domestic financial imperfections are
prevalent. These complexities can make monetary policymaking more involved than setting a policy
rate and allowing the exchange rate to flexibly adjust. This paper provides an analytical framework

to guide policymakers with the joint configuration of monetary policy, capital controls and foreign
exchange intervention.

This work is motivated by two observations. First, the empirical evidence is inconsistent with
some of the assumptions underlying the Mundell-Fleming framework. Most emerging markets have
dollar invoicing shares above 80 percent.! This empirical finding implies that we need to consider a
dominant currency pricing paradigm where export prices are sticky in a dominant currency, which
is most often the dollar and in some cases the euro. Similarly, on the financial side, a large literature
establishes an array of imperfections in capital markets. For example, foreign currency borrowing is
prevalent and generates a link between the exchange rate and the macroeconomy through currency
mismatches and borrowing constraints. Indeed, currency mismatches have been cited as a reason for
using alternative tools to limit exchange rate movements in Brazil, Indonesia and Peru. Another im-
perfection on the financial side relates to the foreign exchange markets where international financial
intermediaries generally have a limited appetite for taking on emerging markets’ currency exposure
and uncovered interest parity condition breaks down. Those countries which intervened heavily
in FX markets during the depreciation episodes tend to be countries where balance sheet concerns

prevailed, and where financial markets were not deep enough to provide hedging opportunities.

'Exception to this are European Union countries that rely heavily on the euro.



The second observation is that many countries adopt more eclectic approaches than plain-vanilla
monetary policy and floating exchange rates to cope with shocks. When faced with capital outflow
pressures, most emerging markets use multiple tools to achieve macroeconomic stabilization with
substantial variation across countries. For example, during the emerging market stress episodes in-
duced by the dollar appreciation in 2018, policy rates were raised in some countries to stem outflows,
but in other countries, they were lowered. While some countries allowed the exchange rate to de-
preciate, other central banks intervened in the FX market to lean against the depreciation. Given
their frequent and heterogeneous use, one of the objectives of this paper is to better understand
these alternative tools: what they do, how they interact, the trade-offs involved, and characterize
policy counterfactuals. In other words, we aim to establish under what conditions the standard pre-
scription of flexible exchange rates still holds and when it may instead be optimal to limit exchange
rate flexibility and rely on other tools. Clearly, doing so requires going beyond the Mundell-Fleming
framework.

The novelty of our analysis is that we develop an integrated model that considers jointly the role
of monetary policy, capital controls and foreign exchange intervention in small open economies. We
characterize the use of these policy instruments as a function of shocks, and both real and nominal
frictions. The diagram in figure 1 demonstrates this visually. The top left box in the diagram captures
a range of real and financial shocks. In the top right box, we list the country characteristics that our
model aims to capture. Ultimately, our goal is to complete this picture fully, to study combinations
of shocks and country characteristics and map them to the optimal policy mix, listed in the box at
the bottom of the diagram.

To achieve these objectives, we develop a model of a small open economy with three sectors:
the tradable goods sector, the commodity sector and the non-tradable goods sector. The price of the
non-commodity traded goods is sticky. The price may be sticky in the producer’s currency (PCP)
or in the dominant currency (DCP). The country is a price taker in commodity markets. On the

financial side, households go to the domestic bond market to satisfy their borrowing needs. Financial



Figure 1: Modeling Agenda
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intermediaries borrow in foreign currency in world markets and meet the households’ supply of local
currency bonds. These intermediaries are partly foreign and partly owned by domestic agents; this
domestic ownership is the source of the economy’s currency mismatch. The first inefficiency in
the financial market is a borrowing constraint that limits the households’ debt to a fraction of their
pledgable income. This constraint is not binding in normal times, but it might become binding after
a sufficiently bad shock. Importantly, households do not internalize the effects of their individual
actions on the exchange rate and on the tightness of the constraint ex-post, which may lead to
overborrowing. The second inefficiency in financial markets is that the intermediaries have a limited
capacity for bearing the country’s currency exposure, which leads to deviations from the uncovered
interest parity condition. We refer to this inefficiency as shallow FX markets.

Our model captures the key trade-offs associated with monetary policy/exchange rate flexibility,
capital controls and FX intervention. Monetary policy, working through changes in interest rates,

has its traditional New-Keynesian impact. It affects the interest rate faced by domestic households



when they make borrowing and saving decisions. Flexible exchange rates have some expenditure-
switching benefits but can generate costs if they exacerbate financial imperfections. When the ex-
change rate depreciates, imports become more expensive relative to home-produced goods. House-
holds therefore switch away from imports towards home goods. Under PCP, expenditure switching
is also operational through exports: an exchange rate depreciation boosts demand by making exports
more competitive. Under DCP, exchange rate adjustment becomes a weaker tool because while it
continues to affect import consumption, it no longer affects the competitiveness of exports on world
markets, as the dollar price remains unchanged.

Capital controls are modeled as state contingent taxes on capital inflows. Prudential capital con-
trols work to prevent overborrowing by curbing debt and consumption ex-ante, which is desirable
when a depreciation can make the borrowing constraint bind by worsening the country’s balance
sheet through currency mismatches. When FX markets are shallow, another incentive to curb debt
through capital controls arises because doing so reduces the losses incurred due to the inefficiency in
the intermediation of debt. This use of capital controls can happen in an ex-ante or ex-post fashion.
On the downside, capital controls can distort capital flows relative to the efficient benchmark, which
may generate welfare costs since those flows can be beneficial for the recipient countries.

Sterilized FX intervention changes the external premium and hence affects the exchange rate by
changing how much of the households’ debt needs to be absorbed by financial intermediaries. By
doing so, it can allow monetary policy to be aimed at stabilizing households’ borrowing and saving
decisions. However, reserve accumulation involves buying low-return foreign currency bonds and
selling high-return domestic currency bonds, therefore, a carry cost.

For a class of shock-country characteristic combinations, we find the Mundell-Fleming prescrip-
tion of fully flexible exchange rates to be optimal. This class of shock-country characteristic combi-
nations are those that do not trigger any of the financial market imperfections. On the trade side,
while pricing in the dominant currency reduces the benefits of exchange rate flexibility and generally

features under- or over-exporting, flexible exchange rates remain optimal. This is because alternative



policies such as capital controls do not help improve efficiency since they do not eliminate the source
of the problem which lies at stickiness of export prices in the dominant currency. Interestingly, the
DCP economy is characterized by more volatile exchange rates than the PCP economy. This is be-
cause under DCP, achieving the same benefits from exchange rate flexibility as PCP requires larger
exchange rate movements.

When future shocks can lead to a binding borrowing constraint, the pecuniary externality creates
arole for prudential capital controls with the intensity of their use depending on the form of nominal
rigidity. For example, adverse shocks to the country’s debt limit can make the constraint bind and
lead to overborrowing ex-ante. Such shocks alter the trade-offs for monetary policy and make the
use of prudential capital controls optimal. For monetary policy, depreciating the exchange rate after
a bad shock becomes costlier as a depreciation could further tighten the constraint. Thus, monetary
policy needs to weigh the macro benefits of depreciation against the financial costs. Capital controls,
which can attenuate the overborrowing problem before the shock, are optimally larger under DCP
than PCP because of the larger exchange rate deprecation required under DCP. Foreseeing a larger
exchange rate depreciation after an adverse shock under DCP, the social planner finds it optimal to
impose higher capital controls before the shock.

Inefficiency in financial intermediation, i.e. shallow FX markets, generates an incentive to sta-
bilize the premium on debt. In these cases, monetary autonomy may be enhanced by the use of
ex-post capital controls and FX intervention. Positive external debt, either in the steady state or in
response to shocks, leads to a reduction in the resources available to the economy due to the pre-
mia paid to the foreign-owned intermediaries as they finance external debt. This loss of resources
creates an incentive to impose capital controls (ex-ante and/or ex-post) and ex-post FX intervention.
By the same token, shocks that are optimally dealt with via exchange rate adjustments without any
associated changes in external debt, such as permanent productivity and commodity price shocks,
do not warrant ex-post capital controls or FX intervention. More generally, we find that the use of

FX intervention depends on the comparison between the severity of the intermediation inefficiency



ex-ante and ex-post. If this inefficiency is severe enough ex-ante, perhaps due to high initial levels
of debt, we find that the optimal policy is not to accumulate reserves ex-ante, because the carry cost
of reserves is not justified when the marginal welfare cost of ex-ante FX accumulation is larger than
the expected marginal welfare benefit of ex-post FX sales.

We synthesize the above results into broad principles to help guide policy design. First, policy
instruments are not created equal; they operate through different margins. If an additional tool
becomes available, it does not mean one should use it because it just may not be the right tool. A
good example of this is the case of under-/over-exporting under DCP where capital controls are not
useful. Second, instruments generally affect multiple imperfections, so the use of an existing policy
may be reduced or increased after a new tool becomes available, that is, tools may be substitutes or
complements. This is well exemplified by the ambiguous effects of prudential capital controls on the
use of monetary policy under deep FX markets.

Our paper contributes to three strands of literature. First, we build on the insights developed by
Gopinath (2015), Casas et al. (2016) and Gopinath et al. (2019) on the dominant currency paradigm.
Following Casas et al. (2016), we compare and contrast the monetary policy implications of producer
and dominant currency pricing for a small open economy. Unlike Casas et al. (2016), we consider a
smaller scale model that can be solved nonlinearly and develop a rich financial market structure that
allows us to analyze policies other than interest rate policy.

Second, our paper contributes to the literature on aggregate demand and pecuniary externalities,
and the joint study of monetary and macroprudential policies. Similar to Farhi and Werning (2016),
we build a small scale model with nominal rigidities and monetary policy to form the backbone of
our model environment. Also similar to Farhi and Werning (2016), we benefit from the findings of
the vast literature on pecuniary externalities and the use of macroprudential policies, exemplified
by Mendoza (2010) and Bianchi (2011). We build on these papers by considering alternative forms of
nominal rigidities as well as further financial frictions.

Third, our paper borrows elements from the literature on exchange rate determination and foreign



exchange intervention in the presence of inefficient financial intermediation. The intermediation
inefficiency we consider follows that developed by Gabaix and Maggiori (2015). Similar to Fanelli-
Straub (2019) and Cavallino (2019), this inefficiency provides a rationale for FX intervention and at the
same time determines its effectiveness. Unlike, these papers, we nest the intermediation inefficiency
into a larger setting that features other frictions and policies.

In ongoing analysis, we have been working to include domestic macroprudential measures into
the policy mix. This requires enriching the domestic financial market by introducing further het-
erogeneity of domestic agents and frictional lending among them. Examples of such models in the
literature include Korinek and Sandri (2016), and Caballero and Krishnamurthy (2001) who consider
frictions that pertain to cross-border flows separately from flows among domestic agents.

The rest of this paper proceeds as follows. First, section 2 lays out the model environment. Sec-
tions 3 and 4 describe our results for deep and shallow foreign exchange markets, respectively, under
different shocks and pricing paradigms. Section 5 conducts additional policy experiments such as FX

bailouts and banning of open FX positions. Finally, section 6 concludes.



2 A Three-Period Small Open Economy

We construct a three-period model of a small open economy composed of households, firms, a gov-
ernent and financial intermediaries, a fraction of which is owned by domestic households. Firms
use labor to produce the tradable-sector good. The economy receives endowments of nontradable
goods and exportable commodities. Tradable good prices are sticky, and following Gopinath (2015),
export prices of home-produced tradable goods may follow producer currency pricing (PCP, which
means that export prices are denominated in domestic currency) or dominant currency pricing (DCP,
which means that export prices are denominated in dollars). Under both PCP and DCP, import and
commodity prices are denominated in dollars. An occasionally-binding borrowing constraint lim-
its households’ debt to a fraction of their income, following Mendoza (2010), Bianchi (2011) and
Farhi and Werning (2016). There are two noncontingent assets—a domestic currency bond and a dol-
lar bond—and asset market segmentation: households can only trade the domestic currency bond,
while international financial intermediaries can trade in both bonds. This financial market structure
follows Gabaix and Maggiori (2015). The constrained social planner maximizes households” welfare
while taking as given the decisions of private agents.

The stylized timeline for our model is shown in figure 2 and the financial structure of our model
is shown in figure 3. A variety of shocks strike in period 1 of the model (taking high, H, or low, L,
values), after which all uncertainty is resolved. The planner can implement policies either in period
0 in anticipation of possible shocks (i.e., prudential or ex-ante policy) or in period 1 after the shock

has been realized (i.e., ex-post policy):

« Monetary policy. The planner sets the policy rate, which is equal to the interest rate on domestic

currency bonds, between periods 0 and 1 and between periods 1 and 2.

« Capital inflow controls. The planner can set taxes/subsidies on inflows which generate a spread
between the interest rate for households and the interest rate earned by financial intermedi-

aries. Such controls can be used in a prudential fashion, between periods 0 and 1, or in an



Figure 2: Timeline of Events
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ex-post fashion, between periods 1 and 2. Prudential capital controls are similar to those stud-

ied by Bianchi (2011), Korinek (2011), and Farhi and Werning (2016).

« FX intervention. The planner can intermediate between the domestic currency bond and the
dollar bond, circumventing the financial intermediaries and their inefficiency, between periods
0 and 1 and between periods 1 and 2. Such intervention is similar to that in Gabaix and Maggiori

(2015), Cavallino (2019), and Fanelli and Straub (2019).

The three-period structure is attuned to our objective of characterizing optimal combinations
of policy instruments as a function of shocks and characteristics relevant for the economy under
consideration. It is rich enough to distinguish between prudential and ex-post policies. At the same
time, it keeps the model tractable to study the interactions of policies and frictions, and between the
policies themselves.

Next, we lay out the environment for the private sector agents and derive their optimization

decisions before turning to the constrained social planner problem.

Households
Households maximize a welfare function which follows the Cole-Obstfeld (1991) formulation over

consumption, and the Gali-Monacelli (2005) special case of linear disutility of labor:

Ko [Z 7 oB'U (Cat, Cry, Onos Nt)]

where U(CHt,CFt,CNTt,Nt) = ozHlogC’Ht + aplogC’Ft —+ (1 — g — aF) logCNTt — N

Their maximization is subject to a budget constraint:

WiNy 4+ + Mlpn + Texne — Tor + PreYnte + Ev Py Zy + Dy

> PuCry + EyPr,Crr + PnriCOnte + (14 44—1) Dy, (1)

and a borrowing constraint:

D2 S KJPHl. (2)
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Starting with the right hand side of the budget constraint, Py and C'y; are the domestic price and
consumption of the tradable good, £} is the exchange rate in units of domestic currency per dollar,
E,Pr,, (i.e., the exchange rate multiplied by the dollar price of imports) is the domestic currency price
of imports, C'r; is consumption of imports, Cy7; is consumption of nontradable goods, Dy is the
domestic-currency debt at the end of period ¢, and i, is the domestic policy rate which is set in period
t and applies on domestic currency debt between periods ¢ and ¢ + 1. N, is labor supply, W} is the
wage, [I7 is the profit from firms, ) is the fraction of international financial intermediaries owned by
domestic households while 11y, is the profit of each of them, T x; is the profit of the planner from
FX operations, T is the lump-sum tax levied by the planner, Py7¢, Cn7: and Y7y are the price,
consumption, and endowment of nontradable goods, E; P, (i.e., the exchange rate multiplied by the
dollar price of commodities) is the domestic price of commodity exports, and Z; is the endowment
of commodities.

The borrowing constraint can bind between periods 1 and 2 and takes a simple form: « is a param-
eter governing the pledgability of domestic tradable goods between periods 1 and 2, and it multiplies
the domestic-currency price Py, which means that in dollar terms, the constraint becomes tighter
when the exchange rate depreciates. This formulation brings our model closer to practical concerns
of policymakers around the world, and it also echoes the constraint in Farhi and Werning (2016).?

The households’ first order conditions (FOCs) lead to the following intratemporal conditions:

apg ap aNT 1

— — = — 3
CutPue  EiPp,Cre  CnrePnre Wi ®
E, Pt
= Cm = a—HthCFt where pry = M»
ap Py

where py; is the price of foreign goods relative to home goods. The FOCs also yield the Euler con-

?In subsection 5.3 of Farhi and Werning (2016), the nontradable good has a sticky price, and households can borrow up
to a specific fraction of the value of nontradable output. Instead, in our model, we assume that households can borrow up
to a specific fraction of the sticky price of the home-produced tradable good. Both constraints become tighter when the
exchange rate depreciates.
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where the condition between periods 1 and 2 holds with inequality if and only if the borrowing

constraint binds.

Firms

Firms are monopolistically competitive and set prices at the beginning of period ¢ = 0, after which
prices are fully rigid (so we can remove the time subscripts on tradable good prices).? Following the
New-Keynesian tradition, we assume that they produce a variety j € [0, 1] of tradable goods, Y7 (7),

using labor, Ny (j). The varieties may be consumed domestically, Yz (), or exported, Yx; (j):

Yri () = Yo (5) + Yxe (5) = AeNe (5) (5)

Firms face downward-sloping demands for their output from domestic consumption and from export

demand. Domestic consumption involves combining the tradable varieties into an aggregate tradable

1 . e/(e—1)
Yy = (/ Vi () EV/E dj) .
0

The corresponding domestic demand curve is:
. Py (5)\ °
Yue (j) = <ﬂ) Y,

where Py (j) is the sticky domestic-currency price of each variety and Py is the price index for the

good:

aggregate tradable good. We assume that the export demand curve follows the same form over each

traded variety, and a unit-elastic expression for the aggregate traded good:

. Px (j)\°
Yx¢ (j) = P Yxt and Yx: = wpxt,

3This extreme price-setting assumption keeps the model tractable, and allows us later on to interpret the optimal ex-
change rate policy as being related to the planner’s desire to mitigate static price pressures, i.e., to ensure that the domestic
price level is at an appropriate level relative to the price level of foreign goods. However, this assumption prevents us from
considering the welfare costs of price dispersion and credibility-damaging inflation dynamics.
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where Px (j) is the price fixed by firms for each exported variety, Px is the corresponding price
index for the exported tradable good, and px; is the relative price of foreign goods to exports. The
denomination of Py (j) and Py, and the formula for px; depend on the pricing paradigm.

Under PCP, firms set identical domestic-currency prices for all their output, regardless of whether
the good is consumed domestically or exported, i.e., Px (j) = Pg (j). In other words, the law of one
price holds, as in Gali and Monacelli (2005). Under DCP, firms set a domestic-currency price, Py (j),
for the domestically-consumed portion of the tradable good, and a separate dollar price, Py (j), for
the exported portion of the good. As a result, the relative price of foreign goods to exports, i.e. the

terms of trade, follows separate formulae under PCP and DCP:

pPCP _ EtPf;t d DCP Pljit'
Xt PH PX

Profit maximization for firms under PCP is given by:

max [I7; (7) = gy (5) + Hxy (5)

= max Eg ZAt [Pr (7)) Yae () + Yxe (7)) — (L + @) Wi Ny (])]]

— maxE, ZAt [PH (1+ ) At] (Vi + Yie) (P%j) ) —1 ,

where ¢ is a constant labor tax applied on all home production of tradable goods. We assume that
firms have perfect access to dollar debt markets, so we set discount rates for the firm following the

,and Ay = ——L—_Fo The

uncovered interest parity (UIP) conditions: Ay = 1, A} = T3 (15F) Bs
0 1

(1+ )

FOC of the above expression produces a formula for Py (j)—and, since all varieties are identical, for

Pp—as a function of home demand, export demand, and the labor tax:

Eq {iAt% (Yre + YXt):|
Py =Py (j) = (1 + ¢) =

(6)

e—1 2
Eo [ > A (Y + Yxit)
t=0
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The optimal price trades off the profit-maximizing positions the firm wants to target on the two
separate home and export demand schedules. By changing the labor tax, ¢, the planner can control
the domestic price level and the export price level, both given by Pp.

Profit maximization for firms under DCP follows:

max 7y () = ae () + Mxe (4)

where
Ty () = Eo gAt lPH () —(1+9) %} Y (P%j)> —5]
My, (j) = Eo gAt {EtPX (J)—(1+9) %1 Y (B;)({j))—a] .

The fact that the labor tax is commonly applied on all home production of tradable goods, and not
differentiated across goods according to their final destination, imposes a connection between the
domestic price, Py, and the export price, Py, in equilibrium. Taking FOCs of the above expressions
and rearranging:

2
Eo lz At%YHt:|
P

2
Eo |:2At VX—:YXt]
i=0

Py = Py (j) = (1 + ¢) =

= Px () = (1+9)

£— 2 X £ — 2
Eo [ZAtYHt:| Eo lZAtEtYth
t=0 t=0

2 2
Eo [ At%YXt] Eo [ZAtYHt]
i=0 i=0

= PX = PH 5 2
Eoy lZAtEtYXt] Eo [ At%YHt]
=0 0

t=

= Px (Pu,Cro,{Cr1},{Cr2}, Eo, {E1} , {Ea2}). (7)

The planner needs to take into account that the expression for the export price, Py, is not an in-
dependent choice variable, but rather a function of the domestic price, Py, and also the levels of
tradable consumption and exchange rates in all periods and states. The formula for Px is provided

in Appendix A.1.
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Financial intermediaries

Gt

Vo in dollar

Financial intermediaries take positions of ¢;;; in domestic currency bonds and
bonds in period ¢ in order to maximize their dollar profits subject to a balance sheet friction echoing

the one considered by Gabaix and Maggiori (2015):*

L g N O ”
- e - (1 (1
w1+ i) E t[( #e) (1+1t) (1+i7)

. 1 qt+1 . Ey . 1 qt+1 2
bjectto —— ——FE 1-— 1 — (1 > r
subject to i+ L ¢ [( o) (1 +1dy) (L+1d7)| > ) t\ g, ;

where [y > 0 captures the severity of the balance sheet friction, and ¢; is the capital inflow tax
announced in period ¢ and applies to the repayments on those inflows made to the financial inter-
mediaries in period ¢ 4 1. A fraction A of the intermediaries are owned by domestic households and
the remaining fraction (1 — \) are owned by foreigners. Capital controls distort the decisions of all
intermediaries, but since the planner rebates all tax revenues to households, only the foreign-owned
fraction of the intermediaries end up paying taxes in net terms.

The constraint for financial intermediaries always binds. Integrating, we derive the intermedi-

aries’ demand for domestic currency bonds:

— iEt {(1 — ) (1 +1r) E]tE; -+ Z:)l .

The intermediaries’ realized profit in domestic currency in period ¢ + 1 is:

Mrress = Qo [(1 o) (Lt i) — (145%)

We assume that there is a separate group of non-optimizing foreigners who have exogenous and

stochastic demands for domestic-currency debt. Their exogenous debt holdings are L;; in domestic

currency bonds, amounting to S; = LtE—tl in dollar value. They are not subject to the balance sheet

friction described above, and their decisions to purchase domestic-currency debt do not depend on

the expected returns.

“We assume that intermediaries maximize the dollar value of profits, not the domestic-currency value of profits.
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In our model, FX intervention involves the planner taking a position of O;1; in local currency

bonds and F X I; = —Oé—tl in dollar bonds. The realized profit for the planner from this transaction

is:
Eiq
E, |

Trxri+1 = Our [(L414) — (1 445) (8)

The use of one-period bonds in FX accumulation and sales keeps the model tractable by ensuring
that the period-0 asset positions are liquidated at the beginning of period 1, before shocks strike.
However, in practice, an important concern regarding FX intervention is that the stock of FX reserves
cannot typically fall below zero. FX reserves cannot be borrowed after shocks strike, so the volume
of possible intervention cannot exceed what has been accumulated in previous periods. Recognizing
this problem, policymakers accumulate FX reserves of varying maturities ex-ante, to have on hand
when shocks strike. To capture this concern in our framework while preserving tractability, we keep
the assumption of one-period bonds but additionally impose that the cumulative FX accumulation

must be non-negative:

RleXIOZOanngzFXIO—i—FXIlZO (9)

Market clearing in the domestic-currency debt market requires:

Qt+1 = Diy1 — Otg1 — Ly,

which produces the “Gamma equations” that relate expected excess premia to capital inflows:

D -
FO <E—;+FXI()—S()> :EO [7)1 — (1—|—ZO)] (10)
Dy .
Fl (F—FFXIl—Sl):?]Q—(l‘l—Zl), (11)
1

where we define the gross return on domestic assets in dollar terms:

> 0.

Nerr = (1 — ) (1 + 1) i :
41
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Since the gross external return is a combination of the ex-ante policy rate, the ex-ante capital con-
trols, and the ex-ante and ex-post exchange rates, it must inherit the contingency properties of its
constitutent components. Using [ and L superscripts for the values of variables after the period-1

realizations of high and low shocks respectively, we derive the following “contingency constraint:”
n 1 H H L,L
< =g =~ Eim’ = Ern (12)

Finally, the planner’s proceeds from labor taxes and capital inflow taxes are distributed to house-

holds via a lump-sum transfer:
Tair1+ dWiNg + @1 (1 414) Qi1 = 0. (13)

The endowment of commodities is entirely exported, while the market for nontradable goods

must clear domestically:

Cnrt = Yn1t- (14)

Competitive equilibrium

Definition A competitive equilibrium for this economy is a set of quantities { C'rr¢, Cry, Cnrt, Nt, Y,
Yx4, YNTt}?:O and prices {PH, Px , {W,, Et}?zo} that satisfy the households’ constraints and
FOCs (1)-(4), the firms’ production and price-setting decisions (5) and either (6) or (7), the
domestic-currency bond-market clearing conditions (10)-(11), the FX intervention constraints
(9), the contingency constraint for gross external returns (12), the lump-sum-transfer con-
straints (8) and (13), and the nontradable goods market clearing condition (14), taking as given

the planner’s choice of the policy instruments {i;, ¢, F'X It};zo.

Substituting the competitive equilibrium equations into the households’ budget constraints, we

obtain the economy-wide resource constraint for tradable goods:

Ey

Diy1 2 —EPpy [wCy — Cpe) = (1= A) Oy [<1 +€t—1> = (147 B,
t—
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E .
— Bl Ze+ A (1+i7,) 7=Di+ (1= X) (1+7-1) Dr (15)

t—1
where <1 +/Z\t> = (1 —¢¢) (1 +4;). Combining the capital controls and the policy rate as an “ef-
fective interest rate” is useful for analytical simplicity. Once the effective rate is pinned down, the
planner can decompose it into the two separate policy instruments using the households’ Euler con-
dition and the information on whether the borrowing constraint is binding or not.

The resource constraint highlights the importance of the parameter A, which captures the fraction
of the financial intermediaries which is owned by domestic households. Since all households are
identical, their net domestic-currency debt position must be entirely absorbed by the intermediaries.
Households own a fraction A of the intermediaries, and those intermediaries borrow in dollars to
purchase the domestic-currency debt that the households issue, so the fraction A of the domestic-
currency debt position nets out in the expression for the households’ income, and the other fraction
(1 — \) represents the external debt position. Therefore, if A > 0, then households’ income moves
as if the households have issued some dollar bonds themselves: there is a currency mismatch, and a
depreciation in the exchange rate increases the domestic-currency value of the households’ external
debt repayments, which may tighten their borrowing constraints. This connection of the economy-
wide borrowing constraint to the exchange rate becomes more evident when the constraint is written

in dollar terms:
Dy Py
By — KEl (16)

Constrained Efficient Allocations

We can write the indirect utility function in period ¢ as follows:

ap
g ap PHt

wpx
V (Cpt, pat, pxt, Ynre) = U (athCFt; Cre, YNTY, !

5 ton + )

ap (0535 1 CHt (0521 1 OHt) w
here Vpy = — |1+ — (1 - ———— ||, Vpyr = — (1= —— | ,and V},,y = ———CF.
¢ F Cry { < Ay ag )} pit bat < Ay o Pt Ay !

We define three sets of wedges that summarize the distance of the allocations from the efficient
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frontier. The first wedge is for home consumption, as in Farhi and Werning (2016), and arises from

the stickiness of the tradable-good price when sold for domestic consumption:

1 Uny 1 Chy
14—y 2
Tt * A Upy Ay ap

This “aggregate demand (AD) wedge” captures the impact of aggregate demand externalities, and is
positive if Py is too high relative to domestic aggregate demand. Households do not internalize the
impact of their consumption decisions on the time path of aggregate demand. The level of aggregate
demand affects the appropriateness of the pre-set domestic price, Py, and the level of the exchange
rate F/; which enters the borrowing constraint.

The second wedge relates to export production and varies depending on the price-setting paradigm:

PCP
+PCP _ _ WhXxt i pPCPi Unt _ _ pPCPi Cr
Xt PCP__d PCP Xt - Xt
Pxt  gptor (wpi$") At Ure At ap
DCP
~DCP _ _ WPxt¢ + pDCPi Unt _ _pDC’Pi Cr
Xt DCP__d DCP Xt - Xt :
Pxt  gppor (prt ) At Upy Ay ap

This “TOT wedge” highlights that there is a TOT externality because while firms do take into account
that the demand curve for their own export variety is downward-sloping, they do not internalize that
the demand curve for the aggregate export good is also downward-sloping. Under the unit elastic
demand assumption for export demand, the first term in the above expressions is zero. These wedges
are always negative because firms set the export price, Px, lower than the level that maximizes the
economy-wide TOT. In other words, the planner wishes to push the economy to an allocation with
a higher export price, Py, and a lower export volume, Yx;, while earning the same dollar value of
export revenues.

The third wedge captures the state-by-state deviation of the gross external return from the level

that would prevail if all households could borrow using dollar bonds:

me=n— (1+i7_,) .
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This “UIP wedge” enters the economy-wide resource and borrowing constraints. If the wedge is
positive in a particular state and some of the intermediaries are foreign-owned, i.e., A € [0, 1), then
there is a net loss of resources from the domestic economy to those foreign-owned intermediaries in
that state.

In this economy, the first-best allocation is not feasible: all the wedges {7z, Txt, 7r+} cannot be
equal to zero in every state. In a deterministic closed economy, the planner can set the labor tax, ¢, to
manipulate the domestic price level, Py, such that the distortion owing to monopolistic competition
is perfectly eliminated and the AD wedge is zero, i.e., Ty = 0. In a deterministic open economy
under PCP, the planner cannot perfectly eliminate this distortion. Instead, it has to set the labor tax
to balance the AD and TOT wedges, and, as in Gali and Monacelli (2005), some of both distortions
remain in equilibrium, i.e., 7¢ # 0 and 7x; # 0. The same principle applies under DCP because of
the fact that the export price, Py, is still tied to the domestic price, Pr. The addition of shocks to the
economy, as well as the introduction of the UIP wedge, 71, reinforces the result that all distortions
cannot be entirely eliminated.

This insight leads us to focus on deriving the constrained efficient allocations.

Definition A constrained efficient allocation is a set of quantities {C'y¢, Cpt, Cnre, Niy Yie, Yxe, YTt }7?:0,
prices {PH, Px, {W4, Et}?zo}, and policy instruments {i;, oy, F'X It}izo which solve under

full commitment:

( 2 « " 3\
Eo [Zﬁtv (CFt, E}ZFt7 E}#ZF‘, YNTt)] if PCP
t=0
2
t EtP*t &
{cpt,PH%%}t{+1,FXIt}< Fo Lgoﬁ v (CF b Py Py ’YNTM if DCP (
with Py = Px (CF(), {CFl} , {CFQ} , Eo, {El} , {EQ} , PH) )

subject to the restriction that the allocation constitutes a competitive equilibrium. The full set

of equations, including the dollar forms of all the constraints, is listed in Appendix A.2.

Our model allows us to assess the optimal combinations of policy instruments as a function

of shocks and structural characteristics, and in particular whether it is optimal for the planner to
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deviate from the “traditional Mundell-Fleming prescription” of just using the domestic policy rate and
allowing exchange rate flexibility. It also allows us to derive optimal policies when different sets of
instruments are in the planner’s policy toolkit, which means that we can assess the complementarity
and/or substitutability of the instruments. Every time an instrument is removed from the planner’s

policy toolkit, additional constraints need to be added onto the planner problem:

« If FX intervention is not permitted, then we need to set /' Xy = F XI; = 0 and remove the

FOCs with respect to FX intervention, /' X [;.

« If capital controls are not permitted, then the household Euler conditions (4) need to be added

as constraints with the capital control terms set to zero.

« If the domestic policy rate cannot be used, then we set it equal to the foreign interest rate, i.e.,

it = 1}, in the formula for the gross external premium, 7;41.

Our solution approach is as follows. We assume that the constrained planner problem is convex
in the region of interest, and correspondingly, we derive the FOCs for the problem in Appendix A.2.
In the next two sections, we summarize the salient properties of these FOCs, indexing our results by

the pricing paradigm:

[PCP_ 1 if PCP and [PCP— 0 ifPCP

0 if DCP 1 if DCP

Then in each section, we aim to provide a mix of analytical and numerical results which qualitatively
characterize the optimal combinations of policy instruments as a function of shocks and structural

characteristics.
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3 Deep Foreign Exchange Markets

In this section, we focus on the optimal policy problem for a country with deep FX markets. Such
a case covers most advanced economies and some emerging markets such as Mexico and South
Africa. These countries’ currencies are traded by a substantial number of financial intermediaries,
except possibly during episodes of severe global financial stress.

As we explain below, we study the deep FX markets case by setting I'y = 0 (no balance sheet
frictions) and A = 1 (households own all intermediaries), and by removing FX intervention from the

planner’s toolkit.

3.1 Policy Instruments and Wedges

The deep FX markets case formally corresponds to setting I'; = 0 in the constraints and FOCs sum-
marized in Appendix A.2. This Gamma value means that financial intermediaries face no balance
sheet constraints, so their capacity to hold domestic-currency debt is unlimited, and the country’s
external debt position does not matter for the country’s gross external return, 7;. The Gamma equa-

tions reduce to the UIP conditions:
Eo [TI‘l] =0 and m2 — 0. (17)

UIP wedges, 71, paid by the domestic economy to intermediaries generate welfare losses if a fraction
of the intermediaries are foreign-owned, i.e., A € [0, 1). However, since the UIP wedges average out
to zero, the average external premium is zero. Therefore, to simplify the algebra, we ignore foreign
ownership of the intermediaries in this section and set A\ = 1. Note that if domestic households own
all financial intermediaries, the economy’s liabilities are effectively entirely in dollars.

Equation (17) establishes that FX intervention does not affect the exchange rate, so we defer

further consideration of FX intervention to section 4.
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The households’ Euler conditions can be rewritten:

> 5 (1 + ZT) ap
P Cri — 7 (1= 1) PiyCra’

o _glti) | l@—O‘F ] - (18)

= E
ProCro (1= o) g, [%] Py, Cr1

These Euler conditions demonstrate that capital controls are effective instruments under deep FX
markets, as they raise the domestic policy rate above the foreign interest rate, and thereby reduce
domestic borrowing. Exchange rates Ej and E) enter the Euler condition between periods 0 and
1 because households have access to domestic-currency bonds only, and not dollar bonds, and the
extent of possible risk-sharing depends on the contingency of the available bonds.” They do not enter
the Euler condition between periods 1 and 2 because there is no uncertainty between those periods.

Next, we turn to the conditions characterizing the constrained efficient allocation, to understand
which externalities arise under deep FX markets and how policies should be used to alleviate them.

The planner’s Euler conditions for ¢t € {0, 1} are:

1 1 0P
—OéF [1 —|— Oé_HTHi;| - ]IDCP' (7) EO Zﬁth’* or DCP e X
1

Pr.Cry ap Py, Px 0Cpy
6(1+i*)E{ ar {1+ ]}+ v !
= —_— ——THt+1 FICETIRY
B Pry 1 Cria ap F tﬁ (1 + Zt,l)
2
1\ (1+i) 1 moy 9Py
0 Zﬁ C Xt t ﬁﬂ'l PFt+1 PX Tt GC’FtH ( )

where U, is the multiplier on the borrowing constraint. The first term on the left hand side represents
the marginal utility of consumption in period ¢, taking into account the AD wedge. The second term
on the left hand side captures an effect which only arises under DCP: the impact of the period-
t consumption decision on welfare via the period-0 export-price-setting decision. The first term on
the right hand side represents the marginal utility of consumption in period ¢t 41, taking into account

the AD wedge. The second term on the right hand side captures the distortion in the Euler conditions

’If the shock is such that period-1 imports, C'r1, is perfectly stabilized across high and low realizations of the shock,
or if the period-1 exchange rate, F, is perfectly stabilized across realizations, then the state-contingency of the bond is no
longer important, and the exchange rates do not appear in the Euler conditions. The Euler conditions become identical to
the Euler conditions of households who are able to participate directly in the dollar bond market subject to capital controls.
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if the borrowing constraint binds. The third term on the right hand side captures the impact of the
period-t 4+ 1 consumption decision on welfare via the period-0 export-price-setting decision.
Comparing the household and planner Euler conditions, we can see that two of our wedges, 75
and 7x; may provide a rationale for intervention in the deep FX markets case.
We have mentioned in section 2 that it is not feasible for these two wedges to be equal to zero in
every state. Nevertheless, for illustrative purposes, we observe that if we set all wedges to zero, then

both the households’ and the planner’s Euler conditions would reduce to:

afp

. ap
Y 31 4iYE, | —2E | forte {01},
P =B+ iE| | foree .1}

P 1 Criva
which is identical to the Euler condition of households who are able to participate without restriction
in the dollar bond market. In this case, the planner would set a domestic policy rate consistent with
zero capital controls, and would allow full flexibility of the exchange rate.

When there are non-zero wedges, there may be a case for the planner to move the domestic policy
rate in a different manner, and also to add capital controls into the toolkit in order to stabilize the
wedges over time.

The FOCs for exchange rates in each state are:

_[PCP . {(ﬁm)twc* ar PCP}

(B 1 t Cpy T Xt
OAHTH¢t = 2
T—1 _JPCP )R Zﬁtw x ap _DCP| (_ E; 8Px
— 0 t Cpe Xt Px OF,
Stabilize demand for home goods t=0 _

~
Optimize TOT on export goods

t
1 P
<B7Tt) \I/t—/i—H + AtEt [(1 + Z‘z;l) + Tpt} . (20)
-1 L By -~ 7

~
Relax binding borrowing constraint

_|_

Prevent excessive contingency of exchange rate

The planner sets the exchange rate to balance price pressures and binding borrowing constraints
within each state. The first term, which includes the AD wedge 7, represents the benefit of mov-
ing the exchange rate to generate import substitution and stabilize domestic demand for the home-

produced tradable good. The second term, which includes the TOT wedges 7x, represents the benefit
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of moving the exchange rate to optimize the TOT on export goods by altering the export volume—
either just within a specific state (under PCP), or on average across all states via the impact on the
period-0 export-price-setting decision (under DCP). Price pressures are balanced if, for example, the
first term is positive because prices are too high for consumption purposes, but the second term
(including the minus sign in front) is also positive because prices are too low for export purposes.
The third term represents the effect of exchange rate movements on the tightness of the borrowing
constraint. There is also a technical term ensuring that the exchange rate volatility across states
is consistent with a non-contingent domestic policy rate. In line with condition (17), the domestic
policy rate moves inversely to the expected exchange rate depreciation.

The expression for capital controls is:

(

[£9:8
1 E, { Bt R } Cre [1 * ar THti|
Et Et+1 Pri1CFtt1 2 t
]Et{Et-‘rl} et —]IDCP . ]EO lZﬁtWO: gF T)?FP] (ﬁ) Pl PlX ggx
. = Tt Ft
Y T
Yt = ap t Py 1CFt1 + ap ' HF1
PpCri DCP t * OéF DCP t m—1 1 1  0OPx
-1 - Eo Eﬁ Cre TXt E (Bm) By P, Px 0Cpii1
0
\
(21)

where capital controls are ineffective, and therefore set to zero, when the borrowing constraint binds.
Capital controls are non-zero if and only if the numerator and denominator of the fraction in
equation (21) are unbalanced. The expressions for the numerator and denominator are obtained by
substituting for the AD wedge, 757, using equation (20). Therefore, there are two possible rationales
for capital controls in our model.
The first potential rationale for capital controls arises if there is a “pecuniary AD externality”
from an occasionally-binding borrowing constraint, i.e., W; > 0, which captures the concerns of

many emerging-market policymakers. Households do not internalize that their borrowing in period
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t may generate lower aggregate demand and a more depreciated exchange rate in period ¢+ 1, making
the borrowing constraint binding. When the borrowing constraint binds, equation (20) indicates that
the AD wedge, 7y, is kept higher than the TOT wedges, 7x¢, would justify, i.e., the exchange rate
is more appreciated and the domestic policy rate is kept higher. Therefore, monetary policy and
exchange rate flexibility are no longer able to fully address the AD externality, and the pecuniary
component of the externality remains. As a result, non-zero capital controls become optimal. This
finding captures Farhi and Werning’s (2016) insights regarding the case for capital controls with
occasionally-binding borrowing constraints. Our model additionally allows for the strength of the
externality to be related to the pricing structure (PCP versus DCP).

The second potential rationale for capital controls arises from the TOT externality. Capital con-
trols are non-zero if the weighted TOT wedges, Tx;, are not balanced over time (as in Costinot,
Lorenzoni, and Werning, 2014). We refer to this rationale as “intertemporal TOT manipulation,” as
it relates to the time path rather than the level of the TOT wedges. Our finding nests the results of
Farhi and Werning (2015) and extends them to the DCP case. This rationale naturally arises in any
open-economy framework with price-setting, but policymakers do not emphasize this channel, so
we focus on insights that do not hinge on this motive.

Equations (19)-(21) show that an integrated model is necessary to characterize the optimal use of
multiple instruments: the use of each policy instrument affects several wedges and, as a result, the
optimal use of other policy instruments. Specifically, we can see that the level of the domestic policy
rate affects exchange rates and thereby the optimal use of capital controls, and vice versa.

Next, we illustrate how the constrained efficient policy response varies with different shocks,
and for each shock, we highlight both the impact of the pricing structure (PCP or DCP) and other

structural characteristics such as commodity dependence and the level of external debt.

26



3.2 Real Shocks

In this subsection, we consider domestically- and externally-generated shocks which affect the real

income of domestic households.
3.2.1 Productivity Shocks

A permanent productivity shock is a shock to the value of A; = A, in the production function
of the home tradable good. Since we focus on insights which do not hinge on intertemporal TOT

manipulation, we set a parameterization of the shock to neutralize this motive across the PCP and

Ag
%]

DCP cases:®

Under PCP, it is optimal to let the exchange rate move to absorb the shock without moving the
level of any policy instruments. Figure 5 shows that the optimal domestic policy rate remains un-
changed, while both ex-ante and ex-post capital controls are zero. After the high realization of the
productivity shock, there is an increase in domestic aggregate supply. To close the gap between ag-
gregate demand and aggregate supply, the exchange rate depreciates in order to make exports more
competitive. Given the unit elastic demand for exports, there is no increase in the dollar value of
export revenues, so domestic households are not more wealthy in dollar terms, and imports remain
unchanged whether there is a high or low shock. Households consume more of the home tradable
good after positive productivity shocks, as they become cheaper relative to imports. The exchange
rate depreciates by the same percentage as the increase in productivity, so % is constant across
states of nature. Employment is perfectly stabilized across high and low shocks. The AD and TOT
wedges are fully stabilized across shocks and over time, which means that there is no case for capital
controls. This result does not depend on the level of initial external debt, Bj.

Under DCP, the key difference is that employment and the TOT wedges are no longer stabilized

across high and low shocks by the exchange rate (figure 6). Nevertheless, capital controls do not

®The PCP results do not depend on this parameterization, while the DCP results do.
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become optimal. Just because there is an unstabilized wedge and an extra available instrument does
not mean that the instrument should be used. The instrument should only be used if it can help
stabilize the wedge. The imperfect macro stabilization under DCP arises from the stickiness of the
dollar price of exports across states. Capital controls alter the level of borrowing and the time path

of consumption between periods, but they do not address the source of the stabilization problem.

Proposition 1. Countries facing permanent productivity shocks should rely solely on exchange rate

flexibility, under both PCP and DCP.

Remark 1. After permanent productivity shocks, TOT wedges are stabilized under PCP and not under

DCP, but capital controls are optimally zero in both cases.

3.2.2 Commodity Price Shocks

A permanent commodity price shock is a shock to the value of P},, the dollar price of commodities,
and is relevant for countries with large commodity sectors. Since commodities are undifferentiated
while the traded goods are differentiated across countries, the effect of the shock should be different
to the effect of the productivity shock. We consider two types of countries: one with no financial
imperfections, i.e., K — 00, and one with financial imperfections, i.e., k € (0,1).

Under PCP and Kk — 00, i.e., for countries with large commodity sectors but without financial
imperfections, capital controls are only optimal insofar as the intertemporal TOT externality is rele-
vant. Figure 7 shows that after shocks, it is optimal to allow exchange rate flexibility without moving
the policy rate, and there are small ex-ante capital controls arising solely from the intertemporal TOT
manipulation motive. After the high realization of the shock, there is an increase in aggregate de-
mand, and domestic households become wealthier in dollar terms. Therefore, the planner allows an
exchange rate appreciation, which generates an increase in imports. The lower export demand from
the exchange rate appreciation exactly offsets the wealth-driven increase in domestic consumption
of the home traded good, so that employment in the traded sector does not change. Indeed, traded-

sector employment is stabilized across high and low shocks, insulated from the commodity sector.
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When & is low enough and the initial external debt B is high enough, however, i.e., for countries
with large commodity sectors, financial imperfections, and high external FX debt, capital controls be-
come optimal to address pecuniary AD externalities. Figure 8 shows that after the low realization of
the shock, the borrowing constraint becomes binding, because the associated exchange rate depreci-
ation causes a contraction in the dollar value of the debt limit. The forced deleveraging of households
causes a contraction in aggregate demand, and the policy rate is lowered. However, since the mul-
tiplier on the borrowing constraint is positive, the planner recognizes that depreciation tightens the
constraint (16). Therefore, equation (20) implies that the exchange rate is more appreciated, and the
domestic policy rate is kept higher, than the price pressures from the AD and TOT wedges would
justify after the low realization of the shock. As a result, the domestic consumption of the home good,
and employment in the traded sector, both decline. The planner internalizes the AD externality and
sets larger ex-ante capital controls than in the economy without financial imperfections.

Under DCP, the main results from PCP on the optimal use of instruments continue to hold (figures
9 and 10). The main difference is that the exchange rate is more volatile under DCP than PCP. After
the high realization of the shock, the planner wants to implement the same increase in imports under
DCP as under PCP. However, when the exchange rate appreciates under DCP, there is no decrease
in export demand, so domestic households must absorb less home goods to keep employment stable.
Inducing households to consume the same level of imports as under PCP, but fewer home goods
than under PCP, means that the exchange rate appreciation must be larger under DCP. In the end,
despite the larger appreciation, households consume less home goods, and employment becomes
destabilized.

Owing to the larger exchange rate volatility under DCP than PCP, countries with financial imper-
fections face larger contractions in the debt limit after low realizations of the shock, and the planner

sets larger ex-ante capital controls under DCP than PCP.

Proposition 2. Countries with large commodity sectors should not impose capital controls to address

pecuniary AD externalities if there are no financial imperfections, but they should impose positive ex-
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ante capital controls if there are such imperfections and initial external FX debt is high.
Remark 2. After commodity price shocks, exchange rates are more volatile under DCP than PCP.

Remark 3. For countries with large commodity sectors, financial imperfections, and high initial exter-

nal FX debt, ex-ante capital controls to address AD externalities are larger under DCP than PCP.

3.3 Financial Shocks

In this subsection, we consider shocks which affect borrowing/lending transactions between domes-
tic households and the rest of the world. We wish to capture a range of shocks which unpack the
global financial cycle—shocks to world interest rates, foreign appetite for domestic-currency assets,
and the FX debt limit—because different instruments may be necessary to address different dimen-
sions of the cycle. Each of the shocks could also strike on a country-specific basis.

Since we set the intermediaries’ balance sheet frictions to zero, i.e., Iy = 0, throughout this

section, we do not consider shocks to intermediary frictions.

3.3.1 World Interest Rate Shocks

A world interest rate shock is a shock to the value of (1 + ¢}). Such a shock could be triggered by a
change in U.S. monetary policy, expected global growth, or global risk appetite.

Under PCP, it is optimal to use the domestic policy rate combined with exchange rate flexibility,
and capital controls are only optimal insofar as intertemporal TOT manipulation is relevant. Consis-
tent with the households’ Euler equation between periods 1 and 2, figure 11 shows that if the world
interest rate experiences a high realization, then it is optimal for imports to decline in period 1 and
increase in period 2. There is a decline in aggregate demand in period 1, which the planner cush-
ions by allowing an exchange rate depreciation (the planner does increase the domestic policy rate,
but less than the increase in the world interest rate), which stimulates export demand and import
substitution. Employment is stabilized across the high and low shocks.

The high realization of the shock does not tend to make financial constraints binding in our
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simulations. The reason is that although the exchange rate depreciation does cause the debt limit to
contract, the desired debt level falls more rapidly.

Under DCP, the main difference is that the exchange rate is more volatile under DCP than PCP
(figure 12), for the same reason as discussed above for the commodity price shock: export demand
is no longer boosted by exchange rate movements, so import substitution must play a larger role in
order to attempt to stabilize employment. This exchange rate volatility is achieved by not moving
the policy rate in response to the shock. Even with the higher exchange rate volatility, employment
does become destabilized. The ex-post capital controls which were optimal under PCP owing to
the intertemporal TOT manipulation motive disappear under DCP, while the same motive generates

small ex-ante capital controls.

Proposition 3. Countries facing world interest rate shocks should not use capital controls to address

AD externalities under PCP or DCP.

Remark 4. After world interest rate shocks, exchange rates are more volatile under DCP than PCP.
3.3.2 Foreign Appetite Shocks

A foreign appetite shock is a shock to the value of S;. For the case of deep FX markets, allocations
are not affected by this shock. We defer further consideration of foreign appetite shocks to section

4.

Proposition 4. Countries with deep FX markets do not need to respond to shocks to the foreign appetite

for domestic-currency debt.
3.3.3 Debt Limit Shocks

A debt limit shock is a shock to the value of x, the pledgability parameter in the households’ bor-
rowing constraints. A decline in « reflects either a downgrade in the perceived creditworthiness of a
particular borrower country, or a reversal in the willingness of international banks to extend credit

to all borrower countries.
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Under PCP, when the initial external debt By is high enough, and a low value of x is possible
ex-post, it is optimal to impose ex-ante capital controls to address pecuniary AD externalities. First,
look at the solid lines in figure 13, which show the allocations when the planner uses both monetary
policy (MP) and capital controls (CC). The figure shows that after the low realization of the shock, the
borrowing constraint becomes binding. As described above in the example of the commodity price
shock with financial imperfections, the binding constraint implies that the exchange rate is more
appreciated, and the domestic policy rate is kept higher, than the price pressures from the AD and
TOT wedges would justify. The planner internalizes this AD externality and sets positive ex-ante
capital controls. There is no TOT-manipulation-based rationale for capital controls.

These results echo some of the concerns of emerging-market policymakers about the global finan-
cial cycle: if there is high external FX debt, they keep policy rates higher than standard AD concerns
would suggest after global capital outflow shocks, and they choose to implement ex-ante policies to
mitigate the overborrowing problem.

For the debt limit shock, and unlike the commodity price shock, the pecuniary AD externality is
the sole rationale for capital controls. Therefore, variations in the optimal level of capital controls and
the domestic policy rate arise solely owing to AD considerations, which facilitates the examination
of the complementarity/substitutability of the domestic policy rate and capital controls.

Compare the dashed lines in figure 13, which show the allocation when only monetary policy is
permitted, to the solid lines, which allow for both monetary policy and capital controls. When the
domestic policy rate is the only instrument, the policy rate is kept elevated after the low realization
of the shock in order to prevent excessive depreciation and the associated tightening of borrowing
constraints. In principle, the imposition of ex-ante capital controls has an ambiguous impact on the
ex-post policy rate. On the one hand, i.e., the “financial channel,” capital controls reduce ex-ante
borrowing, which makes the constraint less binding ex-post, and reduces the need to increase the
policy rate so as to relax the constraint. On the other hand, i.e., the “macro channel,” capital controls

shift aggregate demand from period 1 to period 2, which induces higher policy rates in all states in
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period 2. Whether imposing capital controls causes a higher or lower ex-post policy rate is therefore
theoretically ambiguous. In our simulation, ex-ante capital controls are associated with a higher
ex-post policy rate after the low realization of the shock.

Under DCP, the main results from PCP on the optimal use of instruments continue to hold (figure
14). The key difference is that the exchange rate is more depreciated after the debt limit shock, again
owing to the pressure on import substitution to substitute for export adjustment. As a result, the

ex-ante capital controls are larger.

Proposition 5. Countries with high initial external FX debt who are subject to debt limit shocks should

impose positive ex-ante capital controls.

Remark 5. For countries with high initial external FX debt and vulnerability to debt limit shocks, ex-

ante capital controls are larger under DCP than PCP.

Remark 6. The imposition of ex-ante capital controls shifts both sides of the macro-financial trade-
off for monetary policy, with ambiguous results on whether the policy rate and capital controls are

substitutes or complements.

3.4 Summary

For countries with deep FX markets, we have identified several shocks and structural characteristics
which justify a deviation from the traditional Mundell-Fleming prescription of relying solely on
the domestic policy rate and exchange rate flexibility. Focusing on the pecuniary-AD-externality
rationale for capital controls, countries should impose positive ex-ante capital controls to reduce
ex-ante overborrowing if they have high external FX debt near their debt limits, combined with an
exposure to commodity price and/or debt limit shocks. If external FX debt limits are irrelevant, there
is no case for the use of capital controls to address AD externalities for countries facing productivity

shocks, commodity price shocks, world interest rate shocks, and foreign appetite shocks.

Mapping the global financial cycle to our model
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Consider a retrenchment of the global financial cycle which encompasses three component shocks:
a rise in world interest rates, a decline in foreign appetite for domestic-currency debt, and a contrac-
tion in debt limits for borrower countries. We can derive lessons for the policy rate and capital
controls.

The optimal policy rate response is heterogeneous across different types of countries and re-
trenchment episodes. The planner wishes to accomodate the world interest rate shock by raising the
policy rate less than the increase in the world interest rate under PCP, and having minimal change in
the policy rate under DCP, so that the exchange rate is allowed to depreciate and cushion aggregate
demand. The planner wishes to ignore the foreign appetite shock and keep the policy rate unchanged.
The planner wishes to lower the policy rate, but keep it high enough to defend the exchange rate,
after the debt limit shock. Given that each retrenchment episode has a different blend of component
shocks, and that countries have heterogeneous vulnerabilities to the different component shocks,
there should be heterogeneous directions of policy rate responses in the cross-section of countries
in response to global financial cycle shocks.

Capital controls to address pecuniary AD externalities are used in only one direction, but not
evenly across countries and episodes. The only modality of usage of such capital controls is a posi-
tive ex-ante capital inflow tax. The tax is only welfare-improving to the extent that the debt-limit-
contraction component of the global financial cycle is relevant, and is only used by countries with

high FX external debt.
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4 Shallow Foreign Exchange Markets

We study next the constrained efficient allocations for a country with shallow FX markets. Such a
case is relevant for most emerging markets, including countries such as Brazil, Peru, and Malaysia,
as their currencies are traded by a limited subset of financial intermediaries. Even in normal times in
the absence of shocks, these countries may only be able to finance their external debt by offering an
external premium. Additionally, these countries are especially vulnerable to risk-on/risk-off episodes
of the global financial cycle, as the willingness of foreigners to participate in the domestic-currency

debt market is prone to boom-bust dynamics.

4.1 Policy Instruments and Wedges

The shallow FX markets case is characterized by setting I'; > 0 in the constraints and FOCs summa-
rized in Appendix A.2. The relevant households’ Euler conditions and Gamma equations are equa-
tions (4) and (10)-(11).

For countries with shallow FX markets, the Gamma equations indicate that the UIP conditions
in equation (17) can be violated, with the level of gross external returns depending on the quantity
of domestic-currency debt that financial intermediaries must be induced to hold on their balance
sheets. These gross external returns must be provided through a combination of the domestic policy
rate (which sets the returns available to households), capital controls, and the expected exchange rate
movements (the latter two of which create a gap between households’ and intermediaries’ returns).
For shallowness to matter in welfare terms, we need to impose that domestic households do not own
all the intermediaries, i.e., A € [0, 1).

Moving from the deep to the shallow FX markets case, the instrument of FX intervention becomes
effective through the portfolio balance channel. Under shallow FX markets, the planner can use FX
intervention to absorb some of the debt inflows and outflows and alter the equilibrium exposure
of financial intermediaries to domestic-currency debt. In this manner, FX intervention changes the

necessary level of the gross external returns on domestic-currency debt. Therefore, FX intervention
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can now have an impact on exchange rates and allocations via the portfolio balance channel. Bear in
mind that as in Gabaix-Maggiori (2015), Cavallino (2019), and Fanelli and Straub (2019), our modeling
choice of the portfolio balance approach means that both the positive impact of, and normative
rationale for, FX intervention will be focused on debt and premia, not on the level of the exchange
rate per se.

Next we turn to the FOCs for the constrained efficient allocation to understand which additional
externalities emerge as we move from deep to shallow FX markets. The planner’s Euler conditions

fort € {0,1} are now:
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All three wedges, {Tx+, Txt, Trt }, now enter the planner’s Euler conditions and generate divergences
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from the households’ Euler conditions. Exchange rates continue to follow equation (20).

Relative to the deep FX markets Euler condition (19), there are two main additions: the term
(%)t [',Qy, where €, is the multiplier on the Gamma equation; and the dependence of the discount
factor in period ¢ + 1 on the UIP wedges in the same period, 74+ 1. These UIP wedges also appear in
the exchange rate equation (20).

Focusing first on the (%)t [';Q); term, we observe that the multiplier on the Gamma equation is
positive when the external debt level in period ¢ is forcing the UIP wedge, 71+ 1, to be higher than the
planner would otherwise like it to be. We refer to this term as the “financial TOT” externality. When
deciding on their level of borrowing, each household takes returns as given, without internalizing

the impact of its borrowing decision on the returns facing all households. It does not internalize
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that since the economy as a whole is the sole supplier of domestic-currency bonds to the financial

intermediaries, the level of debt determines the UIP wedge in equilibrium. High UIP wedges lower

welfare because they constitute excessive premia paid by domestic households to the foreign-owned

fraction of the financial intermediaries.

The expression for capital controls is updated relative to the deep FX markets case as follows:
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If Q, is positive, the level of capital controls tends to be larger, as the planner discourages households’
borrowing in order to reduce the UIP wedge.

Turning next to the UIP wedges in the planner’s Euler condition (22) and in the exchange rate
equation (20), we observe that if households do not own all the financial intermediaries, i.e., A €
[0,1), then their effective external liabilities are partially in domestic currency. The planner can
improve welfare by redistributing resources across states using the exchange rate: specifically, the
planner should depreciate away the dollar value of repayments on external liabilities in states when
domestic households’ dollar resources are reduced by shocks, and increase the dollar value of re-
payments when households’ dollar resources are enhanced by shocks. Using all policy instruments,
the planner therefore selects different values of the UIP wedges in the exchange rate equation (20),

which alters the optimal use of capital controls from equation (23).
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The following trade-off determines the optimal UIP wedge, mr41:

Gy + Wi 1
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N~ Prevent excessive contingency of premium
Higher repayments tomorrow
+ (=Nl (B + FXT), (24)

Higher premium tomorrow owing to rollover needs

Dy
E;

where By = is the dollar value of debt, and ®;, ¥, and A; are the multipliers on the resource
constraint, borrowing constraint, and contingency-check equation in period ¢.

The planner understands that under shallow FX markets, increasing the UIP wedge in order to
allow a higher level of debt in period ¢ worsens consumption in period ¢ + 1 owing to higher ex-
ternal debt repayments, and also requires a higher UIP wedge in period ¢ + 1 if the debt is rolled
over. In addition, the possibility of FX intervention alters the expression for the gross external debt
position: when the planner borrows in the domestic-currency debt market in order to accumulate
dollar assets abroad, a fraction (1 — \) of the debt ends up on the balance sheet of the foreign-owned

intermediaries, so it constitutes external debt, and it enters the equation above.

The following trade-off determines the optimal level of FX intervention:

Qi+ VU
+1 t+1
rQ,  +(1-NE | ST (1= N E; [Q17r41]
Lower premium today . HSZO 5 | Change in premium tomorrow owing to change in carry cost
TV
Change in carry cost
=0+ EO4q, (25)

where {©O;, ©;,1 } represent the multipliers on the constraints associated with FX intervention, equa-
tion (9).

By absorbing some of the capital inflow or outflow, FX intervention can reduce the external debt
that foreign-owned intermediaries have to absorb, and it can thereby reduce the UIP wedge. There
is a marginal benefit from relaxing households’ borrowing constraints if and only if the constraints

are binding, i.e., ¥; > 0. This marginal benefit should be combined with any carry costs incurred
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by the FX intervention, taking into account that higher carry costs incurred between periods ¢ and
t + 1 may result in higher external debt, which needs to be rolled over in period ¢ 4 1. If the planner
can undertake FX intervention in an unconstrained manner, i.e., ©; = 0;.1 = 0, then it should
intervene until the net marginal benefit is pushed down to zero. However, if some or all of the FX
intervention constraints in equation (9) are binding, and ©;,©;;; > 0, then not all the marginal
benefits of intervention are exhausted.

Since the case with shallow FX markets features a more complex problem than the deep FX
markets case, with more policy instruments and equilibrium conditions, let us take stock of the
system of equations and highlight some of their insights regarding the potential complementarity
and substitutability of instruments.

Firstly, the equations reveal several interactions between FX intervention and capital controls.
FX intervention has two effects on the optimal capital control expression: (i) intervention affects
the UIP wedge, m;, which alters the time path of consumption and the AD wedge, 7x¢; and (ii)
intervention alters the multiplier on the Gamma equation, {2;. Capital controls have two effects on
the optimal level of FX intervention: (i) capital controls reduce gross external returns, 7;, which affect
the carry cost of intervention; and (ii) they reduce households’ debt, which alters the incentive to
absorb the debt via FX intervention. The complementarity/substitutability of FX intervention and
capital controls depends on the relative strength of all these channels, which should vary according
to shocks and structural characteristics.

Secondly, the equations show that the domestic policy rate also interacts with FX intervention
and capital controls. Complementarity/substitutability on this dimension again depends on shocks
and structural characteristics. If FX intervention and capital controls can insulate allocations from a
particular shock, then the policy rate may need to move less when those instruments are available.
If the planner wishes to alter allocations as a result of the shock, but FX intervention and capital
controls alone can only stabilize the UIP wedge while exacerbating the volatility of the AD wedges,

then the policy rate may need to move more when all instruments are used together.
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With these insights in mind, we proceed to document and discuss our simulation results on the
constrained-efficient policy responses as a function of different shocks and structural characteristics.
We again highlight deviations from the Mundell-Fleming prescription of solely using the domestic
policy rate and exchange rate flexibility, and the potential complementarity and substitutability of
instruments. In the deep FX markets case, we found that it is optimal to use capital controls to address
pecuniary AD externalities when shocks trigger occasionally-binding borrowing constraints owing
to financial imperfections. In the shallow FX markets case, financial imperfections in the FX market
are always binding, so we should expect to find a greater role for capital controls and FX intervention.

The simulations for the shallow FX markets cases are expansive and currently in progress, so
we do not yet have results for all combinations of instruments and imperfections. Nevertheless, we

present a wide range of results with insights that are new relative to the deep FX markets case.

4.2 Real Shocks

Under shallow FX markets, the optimal responses to real shocks now depend to a greater degree on
the level of external debt, By, than they did under deep FX markets. Therefore, we present separate

simulations for By = 0 and By > 0 below.

4.2.1 Productivity Shocks

We consider permanent shocks to the value of productivity, Ay = A,. The parameterization of
the shock which neutralizes the intertemporal TOT manipulation now changes to the following

condition:’
é)\(l—FZS)—F (1 —>\)771
o1 4, (1+45)

Under PCP, the optimal policy depends on the level of initial debt, By. Figure 15 shows solid and

E

dashed lines corresponding respectively to By = 0 and By > 0. When there is no initial external

7As in the case with deep FX markets, the PCP results do not depend on this parameterization, while the DCP results
do. The new condition under shallow FX markets is more complicated than under deep FX markets, because it relates the
exogenous shock A; to the endogenous variable 7;. However, the condition is easily implemented as follows: (i) we fix the
values of 7, at the values which arise from the specification A = 1, (ii) then we allow A to vary within [0, 1), and find that
the equilibrium values of 7; remain unchanged, so the condition continues to be satisfied.
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debt, i.e., By = 0, it is optimal to let the exchange rate move to absorb the shock without moving
the ex-post level of any policy instruments, like in the case of deep FX markets. Since imports are
fully stabilized over time using exchange rate flexibility alone, the planner does not need to induce
households to issue external debt for consumption-smoothing purposes after the shock. Without new
external debt entering the FX market, the depth of the FX market—i.e., the ability of intermediaries
to absorb new debt without requiring a premium—is not relevant for ex-post policy responses.

From the ex-ante perspective, capital controls and FX intervention are close to zero. The logic
from the deep FX markets case continues to apply, pushing both to zero. However, there is one
new channel owing to the presence of less-than-full currency mismatch, i.e., A < 1: the “repayment
contingency” motive. Some of any ex-ante external debt is effectively in domestic-currency, so the
dollar value of ex-post repayments is altered by ex-post exchange rate movements. Since welfare
is not identical across ex-post shocks (as there is higher consumption of the home good after high
productivity shocks), the planner wishes to generate an ex-ante asset position so that the ex-post
exchange rate movements transfer resources from high to low states. The desired asset position is
necessarily small owing to the desire to smooth imports between periods 0 and 1, and in the figure
it is almost undetectable. It shows up in the simulations as being implemented by an elevated policy
rate combined with small capital controls and FX intervention. In practice, the contingency of ex-
post debt repayments is realistic, but the desire to distort the ex-ante debt level is not, so we do not
focus on ex-ante policy recommendations which hinge on this motive.

With positive initial external debt, i.e., By > 0, we derive three additional insights. Firstly, there
is a case for steady-state capital controls. Intermediaries require a premium to hold the debt even
in the absence of shocks, and this premium drives households to deleverage ex-ante and ex-post.
Each household does not internalize that their debt position affects the interest rate for all other
households. The planner does internalize this financial TOT externality, and sets capital controls both
ex-ante and ex-post to optimize the pace of develeraging. In the PCP case, it appears that households

deleverage too fast, so the steady-state capital inflow taxes are negative. Secondly, it is not optimal
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to use FX intervention. The declining debt path means that UIP wedges are higher ex-ante than ex-
post. Therefore, the cost of ex-ante FX accumulation (which increases the UIP wedge) is larger than
the benefit of ex-post FX sales (which reduce the UIP wedge), so FX reserves are never accumulated
to begin with.® Thirdly, the contingency of the dollar value of debt repayments is amplified when
external debt is positive, although it still remains small. The dollar value of households’ wealth
diverges slightly across high and low shocks, which generates a slight divergence in imports as well.

Under DCP, the main results from PCP continue to hold (figure 16). When there is no initial
external debt, i.e., By = 0, the optimal policy responses under deep and shallow FX markets coincide
ex-post and vary slightly ex-ante. When there is positive initial external debt, i.e., By > 0, the same
considerations regarding steady-state capital controls and FX intervention apply as they did under
PCP. The main difference is that under DCP, it appears that households deleverage too slowly, so the

optimal steady-state capital inflow taxes are positive.

Proposition 6. If initial external debt is low, countries facing permanent productivity shocks should
rely solely on exchange rate flexibility, under both PCP and DCP. If initial external debt is high, then
exchange rate flexibility should be supplemented with non-zero steady-state capital controls. Regardless

of the level of external debt, it is not optimal to accumulate or spend FX reserves.

Remark 7. Productivity shocks which generate exchange rate fluctuations without generating changes

in external debt do not rationalize ex-post capital controls or FX intervention.
4.2.2 Commodity Price Shocks

We consider permanent shocks to the dollar price of commodities, P7,. So far, we only have results
for the case with no debt limits, i.e., K — 0.

Under PCP, the optimal policy depends on the level of initial debt, By. Figure 17 shows that

81f the planner’s ability to sell dollar bonds and lend in domestic currency is unlimited, it would issue dollar bonds and
absorb all of the domestic-currency debt By in every period, removing the need for the intermediaries and reducing the
premium to zero. With a zero premium, there is no need to deleverage, and household debt would remain at By in every
period. This allocation is unrealistic, as the planner can always circumvent the need for intermediaries. Imposing the FX
intervention constraint (9) makes the allocation no longer feasible.
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when there is no external debt, i.e., By = 0, it is optimal to let the exchange rate move to absorb
the shock without moving the ex-post policy rate, like in the case of deep FX markets. Exchange
rate flexibility stabilizes imports over time after the shock, so ex-post external debt issuance is not
necessary. Therefore, the depth of the FX market is not relevant, and neither capital controls nor FX
intervention are used ex-post (in other words, the argument above for the permanent productivity
shock applies here as well ex-post).

From the ex-ante perspective, the repayment contingency motive (as described above for the
permanent productivity shock) continues to apply, but rationalizes only small and unrealistic levels
for ex-ante capital controls and FX intervention. In addition, as in the deep FX markets case, ex-ante
capital controls may also be motivated by the intertemporal TOT externality.

Moving from zero to positive external debt alters the allocations in exactly the same way as was
applicable for the permanent productivity shock.

Under DCP, the main results from PCP continue to hold (figure 18). When there is no initial ex-
ternal debt, i.e., By = 0, the optimal policy responses under deep and shallow FX markets coincide
ex-post and vary slightly ex-ante. Moving from zero to positive initial external debt alters the al-
locations in the same manner as was applicable for the permanent productivity shock. The main

difference between the PCP and DCP cases is that exchange rates are more volatile under DCP.

Proposition 7. Suppose that external debt is not subject to borrowing constraints. If initial external debt
is low, countries with large commodity sectors should not impose capital controls to address pecuniary
AD externalities. If initial external debt is high, then exchange rate flexibility should be supplemented
with non-zero steady-state capital controls. Regardless of the level of initial external debt, it is not optimal

to accumulate or spend FX reserves.
Remark 8. After commodity price shocks, exchange rates are more volatile under DCP than PCP.

Remark 9. Commodity price shocks which generate exchange rate fluctuations without generating

changes in external debt do not rationalize ex-post capital controls or FX intervention.
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4.3 Financial Shocks

Under shallow FX markets, financial shocks interact with both the occasionally-binding debt limits
and the always-binding intermediation frictions. Therefore, some shocks which can be ignored by
countries with deep FX markets cannot be ignored by countries with shallow FX markets. Figure 4
illustrates how our array of financial shocks affects the net demand curve for bonds in the domestic-

currency debt market.

Figure 4: Foreign Appetite Shock under PCP with MP and CC
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The dependence of the optimal policy responses on the level of initial external debt, By, has
already been discussed above for real shocks, and the insights do not change for financial shocks.
Therefore, for simplicity, we fix By = 0 below except for the intermediary friction and debt limit

shocks, where By > 0 is necessary for the shocks to have any impact.

4.3.1 World Interest Rate Shocks

We consider a shock to the value of the world interest rate, (1 4 i}). We do not have simulation
results yet for the case with the FX intervention constraint (9), so we solve for the allocations without
this constraint and then explain our conjecture regarding the likely implications of imposing the

constraint.
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Under PCP, the planner optimally accommodates the shock using all policy instruments in a com-
plementary fashion. To begin, consider the allocation with only monetary policy (MP) and capital
controls (CC), represented by the dashed lines in figure 19. When the world interest rate declines,
then from the Euler condition, it is optimal for imports to increase in period 1 and decline in period 2.
However, an increase in imports requires external borrowing, which increases the UIP wedges that
foreign-owned intermediaries earn at the expense of the domestic economy. Recognizing this prob-
lem, the planner does not stimulate a large increase in debt: it lowers the domestic policy rate slightly.
Capital controls are small because both the new financial TOT externality and the old intertemporal
TOT manipulation motive are small at such low levels of debt.

Next, consider the solid lines in figure 19, which plot the allocation when FX intervention is
also available, but ignoring the FX intervention constraint (9). The planner can now reduce the pre-
mium accruing to intermediaries by conducting ex-post FX sales and purchasing domestic-currency
bonds. Since the premium is now lower, the planner can reduce the ex-post policy rate more, and
stimulate more ex-post debt. At higher levels of debt, capital controls become larger only insofar as
intertemporal TOT manipulation is relevant.

Therefore, the planner does not lean against the wind, but instead uses a combination of looser
monetary policy and expansionary FX intervention in order to take advantage of the lower world
interest rate. The aim is to boost aggregate demand while minimizing the UIP wedge.

We conjecture that if the FX intervention constraint (9) were to be imposed, the constrained-
efficient allocation would lie somewhere in-between the dashed and solid lines. Our rationale lies in
the time path of the UIP wedges. In the absence of FX intervention, external debt and the UIP wedge
are higher in some ex-post states than in the ex-ante period. Therefore, under certain parameteri-
zations, the marginal welfare cost of ex-ante FX accumulation (which increases the UIP wedge) is
smaller than the expected marginal welfare benefit of ex-post FX sales (which reduce the UIP wedge),
and FX reserves would indeed be accumulated ex-ante. Owing to the ex-ante carry cost of accumula-

tion, ex-post FX intervention would take a value between zero and the level of intervention indicated
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by the solid lines in figure 19.

Under DCP, FX intervention is again used to accommodate the low realization of the shock, in-
creasing debt and aggregate demand while minimizing the UIP wedge (figure 20). However, there
are two main differences. Firstly, the exchange rate is more volatile under DCP than PCP, like in the
deep FX markets case. Secondly, the introduction of FX intervention reduces rather than increases
the ex-post movement in the policy rate. The reason is that FX intervention makes ex-post policy rate
changes move closer to their deep-FX-market equivalents, and remember that under deep FX mar-
kets, the policy rate is kept constant in response to the shock in order to facilitate a larger exchange

rate volatility.

Proposition 8. Countries facing world interest rate shocks should use ex-post FX intervention to ac-

commodate the shocks under PCP and DCP.

Remark 10. After world interest rate shocks, exchange rates are more volatile under DCP than PCP.

4.3.2 Foreign Appetite Shocks

A foreign appetite shock is a shock to the value of S;. These shocks are changes to the foreign
demand for domestic-currency bonds motivated by factors other than returns. Potential triggers
includes booms/busts in foreigners’ “animal spirits,” changes in perceived creditworthiness, and/or
the abrupt entry of large institutional investors into the thin market for a borrower country’s debt.

As with the previous shock, we solve for the allocations without the FX intervention constraint
(9), and then explain our conjecture regarding the likely implications of imposing the constraint.

Under PCP, the domestic policy rate appears to be a poor substitute for capital controls and FX
intervention. Figures 21 and 22 trace out the allocations as we add instruments one by one to the
planner’s toolkit.

The dashed lines in figure 21 plot the allocation with only monetary policy. When foreigners’
appetite improves, there is a decline in the UIP wedge, because the entry of the new category of

foreigners reduces the debt held, and the premium demanded, by the profit-maximizing interme-
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diaries. Domestic households increase their borrowing to finance a large increase in imports and
aggregate demand. Their borrowing is excessive, because each household does not internalize that
their increase in debt is increasing the interest rate for all other households. As the shock is insen-
sitive to the premium, monetary policy is not an effective instrument to insulate the economy from
the shock: raising the policy rate to deter overborrowing simply results in larger UIP wedges for
the intermediaries. The exchange rate appreciation leads households to consume less of the home
tradable good, so the planner reduces the policy rate to limit the appreciation, stimulating export
demand and stabilizing employment.

The solid lines in figure 21 plot the allocation with monetary policy and capital controls. When
foreigners’ appetite improves, positive ex-post capital controls are more effective than monetary
policy. Capital controls cannot absorb the full impact of all the new foreigners, but they can address
the financial TOT externality. Ex-post overborrowing is significantly reduced. Since the shock is
being tackled closer to its source, there are less symptoms to remedy, and the ex-post policy rate
needs to move less to stabilize employment.

The dashed lines in figure 22 plot the allocation with monetary policy and FX intervention. They
show that ex-post FX accumulation is also more effective than monetary policy. FX intervention
cannot address the financial TOT externality at any given level of debt, but it can limit the impact
of foreigners’ entry. By selling domestic-currency bonds and purchasing dollar bonds, the planner
absorbs some of the high appetite shock instead of letting it be absorbed in an inefficient manner
by domestic households. Again, the ex-post policy rate needs to move less to stabilize employment.
Even though we have not imposed the FX intervention constraint (9), FX intervention does not absorb
all of the appetite shock: the planner internalizes that it is earning carry profits on its intervention,
and those profits would diminish if all of the shock is absorbed.

The solid lines in figure 22 plot the allocation with monetary policy, capital controls, and FX in-
tervention. Capital controls can now address the financial TOT externality while FX intervention

absorbs some of the appetite shock, and when both are used together, allocations are perfectly stabi-
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lized across states and over time. Capital controls and FX intervention appear to be mild substitutes
with each other under PCP, as both are used a little less together than when they were used alone.
They are strong substitutes for the domestic policy rate: if both capital controls and FX intervention
are available, then they insulate the economy from the volatility of the foreign appetite shocks, and
the domestic policy rate need not move at all.

The use of capital controls and FX intervention increases monetary autonomy by tackling the
appetite shock close to its source, and freeing up monetary policy to be used for other purposes.

We conjecture that if the FX intervention constraint (9) were to be imposed, the constrained-
efficient allocation would lie somewhere in-between the solid lines in figures 21 and 22. There would
be a rationale for FX accumulation under some parameterizations because the UIP wedges are higher
in some ex-post states than in the ex-ante period. However, owing to the ex-ante carry cost of
accumulation, ex-post FX intervention would take a value between zero and the level of intervention
indicated by the solid lines in figure 22.

Under DCP, the the main results from PCP on the optimal use of instruments and their com-
plementarity/substitutability continue to hold (figures 23 and 24). There are two main differences.
Firstly, exchange rates are more volatile under DCP and PCP. Secondly, the policy rate increases

rather than decreases after the high appetite shock.

Proposition 9. Countries facing foreign appetite shocks should use ex-post capital controls and ex-post
FX intervention to insulate the domestic economy and increase ex-post monetary autonomy under PCP

and DCP.

Remark 11. After foreign appetite shocks, capital controls and FX intervention are substitutes for the

domestic policy rate.
4.3.3 Intermediary Friction Shocks

An intermediary friction shock is a shock to I'y, the parameter capturing the balance sheet frictions

of intermediaries. In contrast to the foreign appetite shocks, these intermediary friction shocks are
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changes to the sensitivity of the demand for domestic-currency bonds to the returns on those bonds.

Under PCP, it is optimal to use the domestic policy rate, capital controls, and under some circum-
stances FX intervention. Figure 25 shows solid and dashed lines corresponding respectively to low
and high values of initial external debt, specifically By = 0.2 and By = 0.3. Financing a positive
debt position requires provision of UIP wedges to intermediaries in all periods. A high shock to the
intermediary friction amounts to a higher UIP wedge, and in response, households deleverage their
debt position. Aggregate demand declines and the exchange rate depreciates, stimulating exports
and employment. The planner raises the domestic policy rate to provide a higher UIP wedge to in-
termediaries so that they continue to provide some financing to domestic households. The planner
tightens capital controls a little in order to mitigate the financial TOT externality, whose salience is
higher when the shock is higher.

Since the UIP wedges are higher ex-post than ex-ante, there may be a case for ex-ante FX ac-
cumulation followed by ex-post FX sales. The solid lines show that when initial external debt is
low, i.e., By = 0.2, the marginal welfare cost of ex-ante FX accumulation (which increases the UIP
wedge) is smaller than the expected marginal welfare benefit of ex-post FX sales (which reduce the
UIP wedge), so FX reserves are indeed accumulated ex-ante and spent ex-post. However, the dashed
lines show that when initial external debt is high, i.e., By = 0.3, the marginal welfare cost of ex-ante
FX accumulation is too high for any accumulation to occur, and there are no FX reserves to be spent
after shocks.

We have not yet simulated this shock for the DCP case.

Proposition 10. Suppose that the pricing paradigm is PCP and that initial external debt is positive, i.e.,
By > 0. Countries facing intermediary friction shocks should use the ex-post policy rate and ex-post
capital controls, alongside steady-state capital controls. If ex-ante UIP wedges are low enough, then FX

reserves should be accumulated ex-ante to be used ex-post.
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4.3.4 Debt Limit Shocks

We consider a shock to the value of the pledgability parameter in the households’ borrowing con-
straints, .

Under PCP, when the initial external debt By is high enough, and a low value of x is possible
ex-post, the main insights from the deep FX markets case continue to hold. Figure 26 shows that
it remains optimal to impose ex-ante capital controls to address pecuniary AD externalities, and to
keep the domestic policy rate higher than the price pressures from the AD and TOT wedges would
justify after the low realization of the shock. The only difference is that since the external debt is
positive and FX markets are shallow, we need to take into account that there is a case for steady-state
capital controls, following the same logic as for the permanent productivity shock. From an ex-ante
perspective, the level of the ex-ante capital controls needed to address pecuniary AD externalities
should be added onto the level of steady-state capital controls for shallow-FX-market reasons.

This similarity between the cases for deep and shallow FX markets may be puzzling, as it would
seem intuitive that using FX intervention to defend the exchange rate ex-post should help relax
borrowing constraints while letting the domestic policy rate address aggregate demand. However,
there is a flaw in this intuition. When the debt limit binds, the Euler condition between periods
1 and 2 no longer holds for households, so the domestic policy rate has no impact on aggregate
demand through the domestic-currency bond market. In the case of deep FX markets, the policy
rate is assigned solely to managing the level of the exchange rate after low realizations of the shock,
as it has no other use. In the case of shallow FX markets, both the policy rate and FX intervention
can manage the level of the exchange rate when the debt limit binds. The optimal instrument to
manage the exchange rate is actually the policy rate, because the policy rate is not needed for any
other purpose, while FX intervention has a carry cost. Therefore, it is not optimal to use ex-post FX
intervention, and there is little difference between the cases of deep and shallow FX markets.

Under DCP, the main results from PCP on the optimal use of instruments continue to hold (figure

27). The key difference is that the exchange rate is more depreciated after the debt limit shock, and
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as a result, the ex-ante capital controls are larger.

Proposition 11. Countries with high initial external FX debt who are subject to debt limit shocks should

impose positive ex-ante capital controls.
Remark 12. After debt limit shocks, FX intervention does not improve monetary autonomy.

Remark 13. For countries with high initial external FX debt and vulnerability to debt limit shocks,

ex-ante capital controls are larger under DCP than PCP.

4.4 Summary

Countries with shallow FX markets have more reasons to deviate from the traditional Mundell-
Fleming prescription, and to use capital controls and FX intervention, than countries with deep FX
markets. Our model offers three main insights on optimally integrated policies which apply across
all the shocks.

Firstly, countries with shallow FX markets and positive external debt should impose capital con-
trols in steady-state, i.e., both ex-ante and ex-post. These capital controls address the financial TOT
externality which arises from the need to continuously provide positive UIP wedges to the foreign-
owned intermediaries who finance external debt.

Secondly, there is a case for ex-post capital controls and ex-post FX intervention if and only if
shocks generate changes in external debt and UIP wedges. Shocks which generate exchange rate
fluctuations without generating changes in external debt, such as permanent productivity and com-
modity price shocks, do not rationalize ex-post capital controls or FX intervention. This result un-
derlines that the rationale for deviating from the traditional Mundell-Fleming prescription is focused
on debt and premia, not on the level of the exchange rate per se. Countries worried about whether
to respond to capital inflows and outflows should monitor UIP wedges.

Thirdly, ex-ante FX accumulation and ex-post FX sales are conducted only if UIP wedges are
higher under some shocks ex-post than they are ex-ante. The carry costs of reserves can only be

justified if there is some possibility that the marginal welfare cost of ex-ante FX accumulation (which
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increases the UIP wedge) is smaller than the expected marginal welfare benefit of ex-post FX sales
(which reduce the UIP wedge). If UIP wedges are high ex-ante, owing to high external debt financing
needs ex-ante, our model does not recommend the ex-ante accumulation of FX reserves, even if the

country is vulnerable to the interaction of shocks and intermediary frictions ex-post.

Mapping the global financial cycle to our model

Consider a retrenchment of the global financial cycle which encompasses four component shocks:
a rise in world interest rates, a decline in foreign appetite for domestic-currency debt, an increase in
intermediary frictions, and a contraction in debt limits for borrower countries. We can derive lessons
for the policy rate, capital controls, and FX intervention.

The optimal responses are again heterogeneous across different types of countries and retrench-
ment episodes. Whether the planner wishes to accommodate, ignore, or fight each component shock
has parallels to the case of deep FX markets, but the policy implementation is different under shallow
FX markets.

The planner wishes to accommodate the world interest rate shock, and under shallow FX markets,
it optimally uses ex-post FX intervention to reinforce the shock rather than to lean against it.

The planner wishes to ignore the foreign appetite and intermediary friction shocks and set mon-
etary policy based on domestic considerations only. Unfortunately, the shallowness of FX markets
compromises monetary autonomy, and the policy rate is forced to respond to external factors. Since
the foreign appetite shock is not based on returns, monetary policy is ineffective at addressing the
shock at its source, and the policy rate is assigned to address the employment destabilization gen-
erated by the shock; while for the intermediary friction shock, capital flows respond to returns, and
monetary policy is more effective. For both shocks, the use of ex-post capital controls and ex-post
FX intervention restores monetary autonomy, so the economy is insulated from the global-financial-
cycle shocks while the policy rate can be set based on domestic considerations only.

The planner’s response to the debt limit shock is similar under deep and shallow FX markets,

because FX intervention is unable to increase monetary autonomy in the state of nature when the
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economy is most stressed. When the debt limit binds, there is no benefit from using FX intervention
to target the exchange rate so that monetary policy can be set based on domestic considerations
only: the policy rate is not effective in influencing households’ borrowing/lending decisions anyway,

because the domestic monetary transmission mechanism has broken down.
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5 Additional Policy Experiments

In this section, we extend our model in order to shed light on the positive and normative impact of

some additional policy instruments which have been used in practice.

5.1 FX Bailouts

First, after shocks which make the borrowing constraint bind, we allow the planner to provide ex-
post FX bailouts.

We have previously assumed that in period 1, the planner’s position of Oy in domestic-currency
bonds is financed via borrowing —F' X1} = g—f in dollar bonds. Now, we assume that the planner
can provide an exogenous fraction p € (0, 1] of those dollar bonds directly to domestic households,
so that even if intermediaries are not willing to lend, the households can use the dollars to consume

imports. The households’ borrowing constraint changes to the following:
Dy < KPu1 + pOs,

and the economy-wide borrowing constraint changes accordingly:

Dy Py
—S < g— — uFXI. 26
El_lﬁEl 2 1 (26)

Replacing condition (16) with the above constraint means that in the constraints and FOCs sum-

marized in Appendix A.2, all the I{];—i[ terms should be replaced by /4;1;—1;’ — pFXI 1] . The trade-off

which determines the optimal level of FX intervention under shallow FX markets changes to the

following:

rQ, + el
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= @t + Et@t+1' (27)

Relative to the previous trade-off condition (25), the new condition takes into account the benefit of
FX intervention in directly relaxing households’ borrowing constraints, provided that the borrowing
constraint is binding, i.e., ¥; > 0, and that FX bailouts are possible, i.e., i > 0.

Figure 28 shows that the possibility of ex-post FX bailouts reduces the optimal level of ex-ante
capital controls. The dashed lines on the figure plot the allocations when FX bailouts are not possible,
and the solid lines plot the allocations when FX bailouts are possible. FX bailouts improve welfare
after the low debt limit shock by directly relaxing households’ borrowing constraints. The optimality
of FX intervention no longer depends only on the time path of UIP wedges, but also on the multiplier
on the borrowing constraint. If the multiplier is positive, i.e., ¥; > 0, and the carry cost of ex-ante
FX accumulation is not too high, it becomes optimal to conduct ex-ante FX accumulation, and then
provide ex-post FX bailouts after low shocks.’

Since ex-post FX bailouts reduce the multiplier on the borrowing constraint, the optimal level of
ex-ante capital controls to address pecuniary AD externalities declines. In our PCP simulation, when
steady-state capital controls are negative, the AD-externality-motivated ex-ante capital controls and
the steady-state component of capital controls sum to a number which is negative overall.

The figure is plotted for the PCP case. We expect that under DCP, the possibility of ex-post FX
bailouts again reduces the optimal level of ex-ante capital controls. However, the steady-state capital

controls are positive under DCP, so we expect the overall ex-ante capital controls to be positive.

Proposition 12. The possibility of ex-post FX bailouts reduces the optimal level of ex-ante capital con-

trols.

In the figure, it looks like bailouts are provided after both high and low debt limit shocks. In fact, after high shocks, the
borrowing constraint is not binding, so FX intervention only affects allocations via the portfolio balance channel and not
via bailouts. The reason for the FX intervention after high shocks is simply that once ex-ante FX accumulation has occurred,
motivated by the possibility of ex-post FX bailouts after low shocks, those FX reserves are also automatically available to
reduce UIP wedges after high shocks. We have seen in section 2 that the reduction of UIP wedges after high shocks is not
sufficiently welfare-improving to on its own justify ex-ante FX accumulation.
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5.2 Ban on Open FX Exposures

Next, we consider the impact of a ban on open FX positions for those intermediaries which are
domestically owned. The economy acquires currency mismatch through its ownership of interme-
diaries who have dollar liabilities. A ban on FX positions for those intermediaries may then be seen
as a way to reduce the economy’s vulnerability to debt limit shocks.

In our model, the mechanical impact of such a ban is to remove the fraction of intermediaries
which are domestically owned, A, from participation in the FX market. As a result, domestic-currency
debt can only be absorbed by those intermediaries who are foreign-owned, and the Gamma equations

(10) and (11) need to be replaced with the following equations:

(1F_0A) (g—; +FXI, — So) =Eo [m — (1 +15)] (28)
oy (7 +Pxn-s) =m-a+in, ”

The economy-wide resource constraint (15) should be replaced as well:

Dy > —EtPI:'it [WC: - CFt] — Oy l(l + Zt—1> - (1 + Zt—l) E tl
t_
CEPL 7+ (1 +€t_1) D. (30)

Relative to equation (15), there are two main differences. Firstly, there is no fraction A of debt with
currency mismatch, so an exchange rate depreciation does not increase the domestic-currency value
of debt repayments. Secondly, the effective carry cost of FX intervention is larger, because all the
carry profits accrue to foreign-owned intermediaries and none to domestically-owned intermedi-
aries.

The amended system of constraints and FOCs is summarized in Appendix 5.2.

A ban on FX positions does indeed reduce the economy’s vulnerability to debt limit shocks and
remove the need for ex-ante capital controls to address AD externalities. Figure 29 shows the impact

of banning FX positions on the allocations after debt limit shocks, with the dashed lines representing
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allocations without the ban and the solid lines representing allocations with the ban. With the ban in
effect, the borrowing constraint is no longer binding after the debt limit shock. This result matches
the stated motivation of policymakers who impose such bans, and is captured here because our model
includes currency mismatch and occasionally-binding borrowing constraints.

However, taking an integrated approach, and considering together the occasionally-binding bor-
rowing constraints and the always-binding intermediary frictions, we can derive new insights.

Firstly, the debt financing problem worsens, and steady-state capital controls change. Open
FX positions only arise in equilibrium for countries who need intermediaries to finance domestic-
currency debt. If markets are shallow, this financing generates positive UIP wedges. The removal of
domestically-owned intermediaries from the FX market makes the market shallower, which worsens
the debt financing problem. In equilibrium, either UIP wedges must increase or debt must decrease.
The latter occurs in our simulation. The level of steady-state capital controls changes when the fi-
nancing problem changes. Under our simulation’s assumption of DCP, there is a large increase in
steady-state capital controls.

Secondly, the ban on open FX positions increases the vulnerability of the economy to any shocks
which generate external debt, such as foreign appetite shocks, and increases the marginal value of
ex-post FX intervention. Figure 30 shows the impact of banning FX positions on the allocations after
foreign appetite shocks, with the dashed lines representing allocations without the ban and the solid
lines representing allocations with the ban. Since we already know that a combination of ex-post
capital controls and FX intervention fully stabilizes allocations after foreign appetite shocks in the
absence of the constraint (9), let us consider instead the allocations with monetary policy (MP) and
capital controls (CC) only, and then infer the marginal value of FX intervention. Since FX markets
are shallower owing to the ban, allocations become more volatile in response to foreign appetite
shocks. Both the ex-post policy rate and ex-post capital controls also become more volatile.

The marginal value of ex-post FX sales can be assessed using the values of {@ff ,0F } the multi-

pliers on the period-1 component of the constraint (9). Moving from the allocations with the ban to
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the allocations with the ban, the values of the multipliers increase from {@{{ = —0.03, oL = 0.02}
to {@{I = —0.04,0f = 0.12}, signifying that the value of ex-post FX intervention increases. We ex-
pect that if FX intervention were allowed in this economy, more FX reserves would be accumulated
ex-ante and spent ex-post.

The figures are plotted for the DCP case. We expect that our insights on the vulnerability of the
economy to different kinds of shocks and on the debt financing problem would continue to hold
under PCP. However, the level of steady-state capital controls may be different under PCP, and could

even be negative.

Proposition 13. Banning open FX exposures reduces the economy’s vulnerability to debt limit shocks
and removes the need for ex-ante capital controls to address AD externalities. However, it has side-
effects: (i) it makes debt harder to finance in steady state, and it alters steady-state capital controls;
(ii) it increases the economy’s vulnerability to any shocks which generate external debt, such as foreign

appetite shocks, and may make the economy more dependent on FX accumulation and intervention.
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6 Conclusion

In this paper we built a model of a small open economy that features real and nominal frictions.
We used this framework to characterize the optimal use of monetary policy, capital controls and
FX intervention for different shocks and for countries that differ in terms of currency of trade in-
voicing, debt levels, severity of currency mismatches and borrowing constraints, and the depth of
their FX markets. In broad terms, we found that not just the number but the workings of individual
policy instruments matter. In addition, instruments interact with each other in complex, sometimes
unexpected, ways, making it essential that they are designed jointly.

Our work is not yet complete. We still need to better establish the robustness of our results to our
modeling choices. Furthermore, we need to complete the diagram shown in Figure 1 to introduce
frictions in domestic debt markets to study the role of macroprudential tools and their interaction
with the policies we have already considered.

In applying the results of our model in practice, we would emphasize that while each policy tool
could have its own merit in certain circumstances as outlined in this paper, in practice central banks
will have to consider how to carefully incorporate multiple objectives and tools into their policy
strategy, operational framework, and communication strategy. Central banks affect the economy
both through immediate policy actions and by affecting the public’s expectations about future pol-
icy actions. The stabilization of expectations requires sustained clear communication of how policy
tools will be used in different states of nature in the future, and how to verify that the central bank is
sticking to its previous promises. With multiple instruments, this communication problem becomes
more complex, and transitional arrangements (such as building credibility with some instruments
before adding others into the toolkit) may be necessary. Central banks also need to be careful to
monitor any side-effects from the use of unorthodox policy instruments on risk-taking by domes-
tic and foreign financial institutions, and on long-term market development. FX intervention, for

instance, can exacerbate currency mismatches.
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Figure 5: Productivity Shock under PCP with Deep FX Markets
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Figure 6: Productivity Shock under DCP with Deep FX Markets
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Figure 7: Commodity Price Shock under PCP with Deep FX Markets
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Figure 8: Commodity Price Shock under DCP with Deep FX Markets
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Figure 9: Commodity Price Shock under PCP with Debt Limits and Deep FX Markets
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Figure 10: Commodity Price Shock under DCP with Debt Limits and Deep FX Markets
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Figure 11: Interest Rate Shock under PCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a world interest rate shock under PCP with deep FX markets. The
shock hits at date-1 and is calibrated as (1 +4}) € [1,1.5].
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Figure 12: Interest Rate Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a world interest rate shock under DCP with deep FX markets. The
shock hits at date-1 and is calibrated as (1 +4}) € [1,1.5].
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Figure 13: Debt Limit Shock under PCP with Deep FX Markets
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shock but not after a good realization.
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Figure 14: Debt Limit Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under under DCP with deep FX markets. The
shock hits at date-1 and is calibrated as x € [0.025, 10] such that the constraint binds in the case of a bad realization of the
shock but not after a good realization.
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Figure 15: Productivity Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under PCP with shallow FX mar-
kets. The shock hits at date-1 and is calibrated as A; € [0.8, 1.5]. Such calibration of the shock neutralizes the intertemporal
TOT externality. When positive, By = 0.2.
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Figure 16: Productivity Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under DCP with shallow FX mar-
kets. The shock hits at date-1 and is calibrated as A; € [0.8, 1.5]. Such calibration of the shock neutralizes the intertemporal

TOT externality. When positive, By = 0.2.
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Figure 17: Commodity Price Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. When positive, By = 0.2.
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Figure 18: Commodity Price Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under DCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. When positive, By = 0.2.
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Figure 19: Interest Rate Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a shock to the world interest rate under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as (1 + ¢7) € [1,1.5].
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Figure 20: Interest Rate Shock under DCP with Shallow FX Markets

Exchange Rate

1 2

Employment

1 2

AD wedge

1 2

Policy rate

Imports

2.4

Debt in dollars

0 1 2

TOT wedge

0 1 2

Capital controls

0.1

Home consumption

0.21 1
0.20
0 1 2
Borrowing multiplier
0.2 g P
0.1
00 | 028
-0.1
-0.2
0 1 2
UIP wedge
057

FX intervention

0.5

High int. rate - No FXI + Low int. rate - With FXI —e— High int. rate - With FXI

Notes: This figure plots the responses of key variables to a shock to the world interest rate under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as (1 + ¢7) € [1,1.5].
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Figure 21: Foreign Appetite Shock under PCP with MP and CC
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Notes: This figure plots the responses of key variables to a foreign appetite shock under PCP with shallow FX markets,
monetary policy (MP) and capital controls (CC). The shock hits at date-1 and is calibrated as S; € [—0.5,0.5].
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Figure 22: Foreign Appetite Shock under PCP with MP, CC, and FXI
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Notes: This figure plots the responses of key variables to a foreign appetite shock under PCP with shallow FX markets,

monetary policy (MP), capital controls (CC), and FX intervention (FXI) without imposing the FX intervention constraint (9).
The shock hits at date-1 and is calibrated as S; € [—0.5,0.5].
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Figure 23: Foreign Appetite Shock under DCP with MP and CC
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP) and capital controls (CC). The shock hits at date-1 and is calibrated as S; € [—0.5,0.5].
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Figure 24: Foreign Appetite Shock under DCP with MP, CC, and FXI
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP), capital controls (CC), and FX intervention (FXI) without imposing the constraint (9). The shock hits
at date-1 and is calibrated as S; € [—0.5,0.5].
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Figure 25: Intermediation Friction Shock under PCP
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Notes: This figure plots the responses of key variables to a shock to intermediation friction under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as I'; € [1,5].
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Figure 26: Debt Limit Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under PCP with shallow FX markets. The shock
hits at date-1 and is calibrated as x € [0.02, 0.5] such that the constraint binds in the case of a bad realization of the shock

but not after a good realization.
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Figure 27: Debt Limit Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under DCP with shallow FX markets. The shock
hits at date-1 and is calibrated as x € [0.02, 0.5] such that the constraint binds in the case of a bad realization of the shock

but not after a good realization.
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Figure 28: Debt Limit Shock under PCP with Shallow FX Markets and FX Bailouts
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Notes: This figure plots the responses of key variables to a debt limit shock under PCP with shallow FX markets. The shock
hits at date-1 and is calibrated as x € [0.02, 0.5] such that the constraint binds in the case of a bad realization of the shock
but not after a good realization. For the case with FX bailouts, 1t = 0.75.
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Figure 29: Debt Limit Shock under DCP and Banning FX Exposures
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Notes: This figure plots the responses of key variables to a debt limit shock under DCP with shallow FX markets, banning
of open FX positions. The shock hits at date-1 and is calibrated as x € [0.03, 0.5] such that the constraint binds in the case

of a bad realization of the shock but not after a good realization.
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Figure 30: Foreign Appetite Shock under DCP with MP, CC, and Banning FX Exposures
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP), capital controls (CC) and banning of open FX positions. The shock hits at date-1 and is calibrated as
S1 € [-0.5,0.5].
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Table 1: Parameter Values

Parameter | Description Value
Deep FX | Shallow FX | Shallow FX | Shallow FX | Shallow FX

All shocks | Ay, Py, 1} Sy Iy K
ap Expenditure share of tradable goods 1/3 1/3 1/3 1/3 1/3
ap Expenditure share of imports 1/3 1/3 1/3 1/3 1/3
anT Expenditure share of nontradable goods 1/3 1/3 1/3 1/3 1/3
15} Discount factor 0.8 0.8 0.8 0.8 0.8
w Elasticity of export demand 1 1 1 1 1
Py Dollar price of imports 1 1 1 1 1
cr World demand level 1 1 1 1 1
Ynr Endowment of nontradable goods 1 1 1 1 1
Z Endowment of commodities 0 0 0 0 0
Pz, Initial dollar price of commodity exports 1 1 1 1 1
iy Initial world interest rate 1/p-1 1/5-1 1/p-1 1/p-1 1/p-1
A Initial level of productivity 1 1 1 1 1
By Initial debt level 0.6 [0, 0.2] 0 0.3 0.3
A Domestic share of intermediaries 1 0.6 0.8 0.2 0.5
r Balance sheet friction 0 1 1 1 0.2
Shocks Description Value
v Probability of good/bad shock 0.5 0.5 0.5 0.5 0.5
A Productivity [0.75, 1.50] | [0.8, 1.50] NA NA NA
Pz, Commodity price [0.75, 1.50] | [0.75, 1.50] NA NA NA
1 World interest rate [0, 0.5] [0, 0.5] NA NA NA
K Debt limit [0.025, 10] NA NA NA [0.02, 5]
S Foreign risk appetite NA NA [-0.5, 0.5] NA NA
I' Intermediation friction NA NA NA [1,5] NA

Notes: The additional policy experiments discussed in Section 5 use the same calibration for the corresponding shocks reported above.
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A APPENDIX

A.1 Price Setting Condition under DCP
The functional form for Px = Px (Py,Cro,{Cr1},{Cr2}, Eo,{E1},{E2}) is as follows:

X1 Xs
Py = Pyot2?
X HX2X4
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This price-setting constraint on the planner captures the fact that when setting the export price at the beginning
of period 0, firms take into account the planner’s anticipated actions in all future periods. The solution of the
constrained efficient allocation will require the following derivatives:
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S0+ ) X X5X4 :

one equation per period-1 state s1

P* 2
O0Px X: X3 1 2 AL( FOCFO) . .
= —P _—— P* C = —P £0 - - 7 s 1 t
O, 1Y, ( 4)2 A (ProCro) X X, a single equation
oP X7 X 1 1
: — (PisCr)?

0B, X (xu)? (T +ig) A
X 2
__. ™ o, a; (PiaCri)
I+i) ~ Xy
one equation per period-1 state s

aPX X1 X3 1 1

— m Pyt : ——— (P}yCra)’
0B, ~ TG () (L i) (1 i) A | 2O
" 2
L m 4; (PiaCr2)
(1T+ag)(1+d7) ¥ X, ’
one equation per period-1 state s .
A.2 FOCs for Constrained Efficient Allocations
Constrained efficient allocation
The constrained efficient allocation under full commitment is:
2 * *
Eo [Z BV (CFt, S, T YNTt>:| if PCP
t=0
max 2 " "
{CFt,Pu,Ee,ne41,F X1t} Eo Zﬁtv (CFt’ E;D];Ft’ IIDDI;(t’YNTt> if DCP

t=

0
with Px = Px (Cro,{Cr1},{Cr2},Eo,{E1} ,{E2}, Pr)

subject to the following constraints:

(1+i*) Bo < P [wC§ — Cro) + P30 Zo
N Pi [wC —Cr1l — (1 =N FXIo[m — (1 +i§)] + Py 21
AL+ + (1 —=N)m
Pio [wC3 — Cpa] = (1 = N) FXIy [p — (1 +17)] + P}y Z> + By
A +i5) + (L= m] AL +i]) + (1= A) ] ’
one equation per period-1 state s; [®]

(1+1i*,) By < Py [wC; — Crol + PpoZo + Fy — (1 + i) Fo
| P [WCF = Cra] = (1= N FXTo [ — (1+3)] + P31 21
A1+ + 1 —=N)m
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Pu
KE

+ - ;
AL +ag) + (1 =XN)m

one equation per period-1 state s; [V]

r (L+1i*,) By + FXIy— So
O\ —=Ppo wC; — Cro] — PyoZo — Fi + (1 +1i* ) Fy
=Eo [m — (1 +14;)], a single equation [2]

(1+1i*y) By — Ppg [wC§ — Cro . - )
[ —PyoZo—Fi+ (14i*) Fy A(L+id5) + (L= N)m]+ FXI — 5

—Ppy [WCT = Ol + (L= A) FXTo [ — (1 +ig)] — Py 21 — Fa + (1 +45) i

=12 — (1 +147), one equation per period-1 state s; [{21]

I'y

EnH = Blyl| asingle equation [A]
FXIy > 0, asingle equation [Og]
FXIy+ FXI; > 0, one equation per period-1 state s; [©1],

where we define all the constraints in dollar terms. We fix the dollar value of initial debt repayments at (1 +1t 1) By
in order to avoid the artefact depreciating away domestic-currency debt repayments at time 0, and we fix the
dollar value of final debt at B3 = Bj in order to normalize the debt path. We indicate the multipliers in capital
Greek letters in square brackets after each constraint above.

The above planner problem assumes that all instruments (i.e., the policy rate, capital controls, and FX in-
tervention) are available. The optimal allocations from the problem can be used to produce the implied optimal
domestic policy rates and capital controls:

~ . E
<1 * Zt) = (1= ) (1 + 1) = M1 —

Ey
2L (1 +?0>
(1+40) = PEOCFO and 99 =1 — A +io)
a {2
BEo | 2 525 | 0
ap ~
.\ PEOp1  E3Pr,Cpo B (1+31) . , . o
(1+1i) = 5%F;;2§F2 =SB Pt om and 1 = 1 — 755 if households’ borrowing constraint is slack
(14+14) = (1 —i—gl) and p; =0 if households’ borrowing constraint is binding

If FX intervention is not permitted, then we need to set:
FXIlp=FXI, =0,

and remove the FOCs with respect to F' X I;. If capital controls are not permitted, then the household Euler
conditions need to be added as constraints:

ap H H 1 afp :| . .
——— =fF Ey | =——=———1, asingle equation [T
ProCro BET m" Eo [ By P gle eq [To]

ap QR . .
————— > Bny————, one equation per period-1 state s; [T
PF*‘lcFl /'IIQ_P;(;QctF2 q perp 1 [ 1]
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If capital controls are not permitted and the domestic policy rate cannot be used, then the additional constraints
are:

EnH = —Ey, a single equation [Zg]

B

1
NoFy = BEL one equation per period-1 state s; [Z1]

FOCs
The FOCs for the constrained efficient allocation are:

Clro : 1+<1—>]+]1 : cy
o P Cro [ ap Ao apg ZB 0Crg
= EO (q) + \IJ) + Foﬂg + EO (Fllggl) + TO 5,4 single equation

(FO Fo

1 CHI)] pop Iy 2w . Pro | oPx
I 1+ — <1 ———— || +1I ¢ ——EF —Cf
R e [ ar \' " A an ey P vy o
a
=o+V [1 — KT] + 112 + —7071?2 (Y1 — YoBm],
ap PFI F1
one equation per period-1 state s1
2
9 ag 1 CH2>} DCP Inly t W P;‘t OPx
Iyl 1+ —(1-———| +1I : E —C
L IP}*?QCFQ [ ap ( As ap TPy ;6 Ayt (Px)? | OCra

=& -1 ,8IpIin

5, one equation per period-1 state s;
(PpoCra

t W C* Pry
ZﬁAt

t=0 (X)2

(22},

a single equation

1 CHl 1 Py ap — F
Bl L —U— AE T =Z0F =
1 /BQH< A o ) m IOFGNTE ™ + AE1m — YopBnt Pr Cﬁlﬂl Zobim — =1 3 m
E1P w P; 8PX
— HPCP . F1 C ]IDCP A EE t C* Ft o ,
{B Py A " * 1o ZB A " (Px)? OF;

a single equation for the H-state
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1 Cm 1 Py ap _ B
EL . 1— —— —U— —m — AFE T —_— T — 2=
1 504H< A aH>7T1 IOHNTEIM 1M+ 05771P;10F17T1 1 /87T1
2
F{P: w w Pk 0Px
:]IPCP'{ 1 Flic*ﬂ_ }+HDCP' E+E § tic* F't (_ ) ,
& Py A U 0 tzoﬁ At (Px)? 0FE,

a single equation for the L-state

one equation per period-1 state sy

Py
By + FXI, K — Bo
@+ ) (1 -0 L w1 - BT
lo (Zo)

= Qo — Ty (1= ) (By + FXIp) + —ABy — ~ToBEEe 4 ——F Ly L pn
=Q 11y 1 o)+ AR = Top ik By P Crt e RS
a single equation for the H-state

. B+ FXI, KL — By

m @+ (1 -N)——F——F V(1N ——5—

Ty ({o)

1
=Qo -1 (1 =N (B1+ FXI) — W—AEl, a single equation for the L-state
1

B FXI
ne @ (1= N\) Do+ FAL =0 - 110 *aF + Z1 Fs, one equation per period-1 state s;
Iol, Pr,Cra

FXIo:OZ—(l—)\)EO{(QJ—HI/)Ml_(It—HE)]}

—ToQ — (1 = AN Eg{T'1Q1 [m — (1 +45)]} + ©¢ + E¢O1, a single equation

(1= X) [ — (1 +47)]
Inly

one equation per period-1 state s1,

FXL:-® -1 +6, =0,

where we define:
L =X(14i7) + (1= A) nesa

Dy

By =
1 o

(1+1i%1) By — (Pig [wC — Crol + PsoZo0)

D -k *
BQ = Fj = BIIO — (P;vl [(A)Cik — CFI] — (1 — A) FXIO [?71 — (1 + ZO)] + Plel)
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D * * -k *
Bs = Fj = Boly — (Ppy [wC5 — Cra] — (1 = A) FXIy 2 — (1 +i7)] + Pzy22),

and where ©; > 0 and Z’;:O FXI, > 0 with complementary slackness. The FOCs with respect to Py are

redundant, so we normalize Py = 1.

A.3 Additional Experiment: Ban on FX Positions

If domestically-owned intermediaries are prohibited from taking open FX positions, then the constrained planner
problem changes:

2 * *
Eq [ZBW (Cre, e, £l YNTt)] if PCP
=0
max 2 E,P;, Pi
t tfpy Lpy
{Cre, P, B, FX T} Eo [205 4 (CFta Pn 0 Px ;YNTt) £ DCP

t
with Py = Px (CF(), {CFl} s {CF2}7E07 {El} ) {E2}7PH)

(1+1i%,) By < Pi [wCG — Cro) + P3ogZo + F1 — (1+1i*) Fy
N Piy [wCt — Cp1] = FX 1o [n — (1 448)] + Py Zy + Fo — (1 + i) Fy
m
N Py [wCs — Cro) — FXIy [ng — (1 +43)] + PhyZo + F5 — (1 +i%) Fy + Bs

N2
one equation per period-1 state s; [P]

(1+Z*_1)BO SP;‘()[WCS(_CFO]'}‘PEOZO'FFl_ (1—}-7,*_1)F0
N Pi wCF — Cpi) — FXIo[m — (1 +i5)] + Py Zy + Fo — (1 +i3) Fy

m
Py
+ —ZL one equation per period-1 state s; [¥]
m

I'o ( (1+i*y) By + FXIy— Sy )
(1_>‘) _PEO[WCS_CFO]_PEOZO—Fl—F(l-i-’L‘tl)Fo
=Eo [m — (1 +14;)], a single equation [{2o]

14 i* ) By — Ppo [wC§ — Cro)

r ( L o0 TR0 0 +FXI, - S

Y ~PyoZo—Fi+ (1+i%y) R | ™ L
—Ppq WO = Cpi| + FX o — (1 +43)] — P31 Z1 — Fa+ (1 +45) I

=1 — (1 +147), one equation per period-1 state s [{24]

Efnt = Elnl, asingle equation [A]
FX1I, >0, a single equation [O]
FXIy+ FXI; > 0, one equation per period-1 state s; [O1]
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EHpHE , 1 t T
ProCro = BE; n Eo [E1 PF*‘10F1:| a single equation [Y]
ap ar . .
, t d-1 stat T
Pr Crr = B2 PrCra one equation per period-1 state s; [Y1]

1
Tm EEO, a single equation [=]

1
o Ey = BEL one equation per period-1 state s; [Z1]

where we define all the constraints in dollar terms, we fix the dollar value of initial debt repayments at (1 + i*_l) By,
and we set B3 = By.

The FOCs also change:
2
afp 1 CHO DCP 1 + W P;“t 8PX
Cro : 1+<1_>]+n J Lg Sy ele
o P;OCF0|: ap Ay ag P;“O 0 ;5 Ay t(PX)2 0Cro
Fl ap . .
=Ep(P+¥)+ —-Q0 + Eg (I()(h) + Yo—, a single equation
(1—- )\) (1=X) (PEOCF0)2
1 CHI)] DCP w o P;t OPx
1 1+—(1————])| +1 . —
Pl o CF1 [ ap < Ay ay lpgl Zﬁ 4, Cp
[052) F arp
:<I>+\Il[1—/<cT ]+ T loh + lo———— [T1 — YofBm],
ar (1 - >‘) (PFl F1 2
one equation per period-1 state s;
1C IpI 2w ., Py | op
2]] |:1+<1_I_12>:|+HDCP 041 E tic* Ft X
o IPEQCFQ ap Ay ay 7T1P;~2 0 ;5 A t(PX)z 0CFa

=& —-T81pl1n2 5, one equation per period-1 state s;

(PpyCro
E l———— ) —=Zg—
0 04H< A, aH) 0 3
EgPf, w w Ps oP
Per { 0 FOC*}+HDCP EqE t Ft < X>
Py Ag 00 tz;ﬁ A ( X)2 0Ey

a single equation

1 CHl 1 PH L OF L, = —
EH . 11— ——== — U kN — AEim — 7Y SoEin — 51—
1 Boag < 4 an ) m IOHNT B +AEym 0Bn1 P;‘10£17T1 +EoEim 13 m

> i) (52) )

Py Ay

— HPCP . {BEIPFI A Cl } +]1DCP i {EI]EO
1

a single equation for the H-state
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—_
=

T T
Iy Eq P, Cry ! gt

EiP: w *P OP
:]IPCP,{B 11 m Cl }+HDCP{E ]EO Zﬁt Ft2 (_aE)j)}’

1C 1 P « E
EfZBOéH (1—thl> Wl—\I/fHNT H7T1—AE17’]1—|—T067’]17F — 71

Py A

a single equation for the L-state

(-2},

one equation per period-1 state sy

Py
By + FXI, _rk¥—-B
Ho (@4 p) LT 20y g ME TT2
Iy (1o)
C Q- (By+ FXIo) + — AE——WBEE L _or 1 1o pn

a single equation for the H-state

Py
B+ FX1I K==L — By
(@4 W) — SN TR
fo (Io)
Iy
=S~ g3y (1—X\) (B1+ FX1Io) - 7AE1, a single equation for the L-state
BQ + FXIl . '
S A + BBy, t d-1 stat
12 Il 1BP1’520F2 1L/2, one equation per perio state s

Fxhy 0 = -Bo{ (@4 ) =GO

T r
- ro/\)(lo —Eo {ﬂ—l)\)ﬂl [m—(1+ ZS)]} + O¢ + E¢O1, a single equation

2 —(A+i7)] Ty
FXI, : —®
! Il (1=

one equation per period-1 state sy,

0 +0; =

where we define:
Iy = T+1

Blz

D Sk * * *
fl = (1 + 2—1) By — (P [wCy — Cro] + Pz0Z0)
D - *
BﬁzEg:BMY{EQWQﬂ%%ﬂ—FXhmy—ﬂ+%ﬂ+Pm%)
1
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D * * -k *
Bs = lT3 = Bolh — (Ppg [wC5 — Cpa] — FX Iy [n2 — (1 +147)] + P3972),
2

and where ©; > 0 and Zi:o FXI, > 0 with complementary slackness. The FOCs with respect to Py are
redundant, so we normalize Py = 1.

A.4 Numerical Solution
We start from the relevant set of planner constraints and FOCs from the preceding subsections. First, we select

the set of policy instruments available to the planner:

« If all policy instruments (i.e., the policy rate, capital controls, and FX intervention) are available to the
planner, then use all the FOCs above but set Yo = T = Zg =Z=; = 0.

« If FX intervention is not permitted, then set F X1y = FXI; = 0, and remove the FOCs with respect to
FXI..

« If capital controls are not permitted, then use all the FOCs above but set 2=y = =1 = 0.

« If capital controls and the domestic policy rate are not permitted, then use all the FOCs above.
Next, we characterize the solution numerically by running the following iterative process to convergence.

1. Fix guess on whether the borrowing constraint (16) is slack or binding in every period-1 state. For states
where the constraint is slack, fix ¥ = 0 and remove the borrowing constraint. For states where the
constraint is binding, set the borrowing constraint to be satisfied with equality and allow ¥ # 0. Run the
following iterative process to convergence.

« Fix guess on whether the FXI constraint (9) is slack or binding in every period-0 and period-1 state.
For states where the constraint is slack, fix ©; = 0 and allow Zi:o FXI; # 0. For states where
the constraint is binding, set Zi:o FXI, =0and allow ©; # 0.

« Numerically solve the system of equations.

« Verify that Zi:o FXI, > 0 for states where the constraint was guessed to be slack; otherwise,
change the guess. Verify that ©; > 0 for states where the constraint was guessed to be binding;
otherwise, change the guess.

2. Verify that the borrowing constraint is slack for states where the constraint was guessed to be slack;

otherwise, change the guess. Verify that U > 0 for states where the constraint was guessed to be binding;
otherwise, change the guess.
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