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Abstract

Many small open economies deploy foreign exchange intervention, capital controls, and
macroprudential regulation along with monetary policy to cope with shocks. We develop
a model that characterizes the optimal joint use of these policies. Our framework incor-
porates nominal rigidities with producer and dominant currency pricing, pecuniary exter-
nalities due to domestic and external borrowing constraints, and shallow foreign exchange
markets. We find that: (1) Prudential capital controls to address pecuniary externalities are
larger under DCP than PCP; (2) Capital controls and FX intervention enhance monetary
autonomy after foreign appetite shocks if FX markets are shallow; (3) Countries with shal-
low FX markets and currency mismatches face a policy conundrum: while a ban on open
FX positions reduces the need for prudential capital controls to address pecuniary exter-
nalities, it increases the vulnerability to foreign appetite shocks and can make the economy
dependent on FX intervention. 4) Exchange rate flexibility helps relax domestic currency

borrowing constraints but may tighten borrowing constraints in FX.
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1 Introduction

Despite the widespread adoption of inflation targeting frameworks around the world, many small
open economies follow more eclectic approaches. Capital controls and foreign exchange (FX) in-
tervention have a long tradition of being in the policy toolkit of emerging markets, and they have
also been deployed by several advanced economies in the post-global-financial-crisis era. At the
same time, as figure 1 shows, this era has witnessed a surge in the use of macroprudential tools, as
a growing number of countries have implemented or tightened such regulations.

The tradeoff between exchange stability, monetary independence, and capital account openness
for open economies goes back at least to the monetary policy trilemma, but the complexities of
the world today pose challenges that require a more active use of monetary and financial policies
contingent on shocks and frictions. To understand these complex interactions, we characterize the
optimal joint configuration of monetary policy, capital controls, foreign exchange intervention, and
macroprudential tools in a small open economy framework. We borrow ingredients from a recent
theoretical literature in international macroeconomics that provides a careful treatment of the trade-
offs associated with each policy and the externalities they aim to address. While the literature rarely
considers more than one policy and friction at a time, our integrated framework makes it possible
to analyze not only the costs and benefits of individual policies, but also how the entire range of
policies and externalities interact with each other, and how the tradeoffs change when policies are
used in combination.

Our framework yields several novel results that underscore the importance of integrating poli-
cies and externalities.! (1) The weaker impact of exchange rate flexibility on export substitution
under dominant currency pricing (DCP) leads to more rather than less volatile exchange rates than
under producer currency pricing (PCP) if external FX debt constraints do not bind; while if those

constraints do bind, prudential capital controls to address pecuniary aggregate demand externalities

'In Basu et al. (our forthcoming IMF Working Paper), we have collected a more comprehensive set of optimal policy
results contingent on shocks and country characteristics.



tend to be larger under DCP than under PCP. (2) When financial intermediaries have limited ability
to take on the country’s currency exposure—in other words, FX markets are shallow—the premia
on domestic currency debt are destabilized by shocks to foreigners” willingness to hold that debt,
and capital controls can enhance monetary autonomy by facilitating macroeconomic adjustment to
those premia while allowing the policy rate to focus on domestic sources of price pressures. (3) While
banning domestic residents from taking on open FX exposures can reduce the need for prudential
capital controls to address pecuniary externalities, the ban can reduce FX market depth, increasing
the economy’s vulnerability to foreign appetite shocks, and making it more dependent on FX in-
tervention. (4) Exchange rate depreciations are useful in relaxing domestic housing constraints but
may tighten external FX debt constraints, and in an environment where both constraints may bind

together, housing macroprudential taxes may be lower under DCP than PCP.

Figure 1: Use of Capital Controls, Macroprudential Regulation and FX Intervention
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Sources: Fernandez et al. (2017); Alam et al. (2019); IMF database on FX interventions

Notes: (a) Median capital inflow and outflow restrictiveness indices for advanced economies (AE) and emerging market and
developing economies (EMDE). Higher values are associated with higher barriers. (b) Number of countries that tightened
(positive values) or loosened (negative values) macroprudential regulations, broken down by the number of policy actions.
(c) Distribution of FX purchases (positive values) and sales (negative values) as percent of GDP based on estimates that strip

out valuation effects. Lines in the middle of the boxes represent the medians, box edges show the 25th and 75th percentiles.

Our model features three sectors: the commodity sector, the non-tradable housing sector and the
differentiated tradable goods sector. The country is a price taker in commodity markets. Housing ser-

vices are produced by firms using land as the input to production. The differentiated tradable goods



are produced by firms with pricing power. Their price may be sticky in the producer’s currency
(PCP) or in the dominant currency (DCP). Households do not internalize the impact of their con-
sumption decisions on aggregate demand, paving the way to the well-known Keynesian aggregate
demand externality. As is standard in open economy models of monetary policy, our assumption that
firms have pricing power and face downward-sloping export demand schedule gives rise to a terms
of trade externality, where individual firms do not take into account that their production decisions
impact the position of the aggregate economy on the export demand schedule.?

Credit markets feature two kinds of pecuniary externalities. As displayed in Figure 2, domestic
banks borrow from financial intermediaries and lend to the domestic households and the housing
sector firms. An occasionally-binding borrowing constraint limits domestic banks’ external borrow-
ing to a fraction of the domestic price of the differentiated tradable good. This constraint combined
with the households’ FX exposure generates a pecuniary aggregate demand externality as households
do not internalize the effects of their individual actions on aggregate demand, the exchange rate, and
the tightness of the constraint ex post. Another occasionally-binding borrowing constraint requires
the housing sector firms to post a fraction of the value of their land holdings as collateral, leading to
a pecuniary production externality since these firms do not internalize the effects of their production
decisions on land prices.

Financial intermediaries borrow in foreign currency in the world market and satisfy the domestic
banks’ domestic currency borrowing needs. They are partly foreign and partly owned by the house-
holds; this domestic ownership is the source of the economy’s FX exposure. We assume that the
intermediaries are constrained in their ability to bear the country’s currency exposure, which leads
to deviations from the uncovered interest parity condition. We refer to this inefficiency as the FX
markets being shallow.> What we call a financial terms of trade externality arises in this case because

individual banks do not take into account that their borrowing decisions impact the premium that

Even though this externality arises naturally in our setting, it is not clear that it is relevant for policymaking in the real
world, so we focus on results that do not hinge on it.

3The uncovered interest parity condition holds in the absence of constraints on the intermediaries ability to bear the
country’s currency exposure, which we label as the case of deep FX markets.



Figure 2: Structure of the Financial Market
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the economy as a whole needs to pay to the intermediaries.

While each externality is conceptually tied to a particular friction, in equilibrium, the externalities
are connected to each other, and policies typically influence several of them at the same time. Mon-
etary policy, working through changes in the policy rate, affects the interest rate faced by domestic
agents when they make consumption, production, and borrowing decisions, as well as the rate that
the domestic banks offer to the financial intermediaries. In our integrated framework, it can influence
most externalities, one of which is the aggregate demand externality. As in standard open economy
models of monetary policy, flexible exchange rates have expenditure-switching benefits whereby
an exchange rate depreciation makes imports become more expensive relative to home-produced
goods. Households therefore switch away from imports towards home goods. Under PCP, expen-
diture 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.

By reallocating consumption, production, and borrowing intertemporally, capital controls can
address a number of externalities. Following the vast literature on emerging market capital flows

and sudden stops, we model capital controls as state contingent taxes on capital inflows. When



used prudentially, capital controls can contain pecuniary aggregate demand externalities by curbing
external debt and consumption ex-ante, which is desirable when a depreciation can make the bor-
rowing constraint bind by worsening the country’s balance sheet through FX exposures. 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 and mitigates the
financial terms of trade externality.

Macroprudential tools are conceptually similar to capital controls in that they also curb overbor-
rowing by affecting debt flows. We model them as taxes on domestic banks’ lending to the domestic
agents that can differ across consumers and the housing sector. Macroprudential consumer taxes
can work as substitutes for prudential capital controls in the absence of housing sector frictions as
they affect external debt through affecting households’ demand for domestic debt from the banks.
As with capital controls, they can affect external debt through impacting domestic debt and address
pecuniary aggregate demand externalities or prevent the reduction in available aggregate resources
due to the inefficient premia paid to the intermediaries as well as smooth the financial terms of trade
externality. Macroprudential housing taxes are an important tool for reducing the risk of fire sales
in housing markets.

Sterilized FX intervention primarily circumvents the inefficiency of the financial intermediaries
in countries with shallow FX markets. It achieves this by changing the amount of external debt
that needs to be absorbed by the financial intermediaries and therefore the associated premium. By
doing so, it can allow monetary policy to be aimed at stabilizing households’ borrowing and the
domestic banks’ external borrowing. However, reserve accumulation involves buying low-return
foreign currency bonds and selling high-return domestic currency bonds, therefore, a carry cost.

At the constrained efficient allocations, how these policy instruments should tackle the externali-
ties we have described depends on the kind of shock and the obstacles to the simultaneous mitigation
of different externalities. We highlight a few key results which emerge from our integrated frame-

work.



While pricing in the dominant currency reduces the benefits of exchange rate flexibility and
generally features under- or over-exporting, flexible exchange rates are optimal in the absence of
other frictions. In the case of deep FX markets without borrowing constraints, policies such as capital
controls do not improve efficiency beyond the terms of trade externality, since they do not address the
stickiness of export prices in the dominant currency. Indeed, under most shocks, the DCP economy
is characterized by more volatile exchange rates than the PCP economy: under DCP, achieving the
same benefits from exchange rate flexibility as PCP requires larger exchange rate movements. In
other words, when there is little welfare cost associated with exchange rate movements, exchange
rates should be more volatile under DCP than PCP so as to stabilize price pressures.

When the pecuniary aggregate demand externality is present, optimal prudential capital controls
may be larger under DCP than PCP. When future shocks can lead to a binding constraint, the result-
ing pecuniary externality alters the tradeoffs for monetary policy during the period of the binding
constraint: the planner sets the exchange rate to balance price pressures and binding borrowing
constraints. The consideration of relaxing the borrowing constraint leads to a more appreciated ex-
change rate relative to the case without such considerations. Such relative appreciation may be larger
under DCP than PCP after some shocks, since the benefit of exchange rate flexibility for demand sta-
bilization is smaller. It then follows that prudential capital controls may be larger under DCP because
they are needed to shift demand over time from normal times to the period of distress, by curbing
demand before the shock and stimulating it afterwards.*

Under shallow FX markets, capital controls and FX intervention improve monetary autonomy
after foreign appetite shocks, i.e., shocks to the foreigners” willingness to hold domestic currency
debt. After adverse foreign appetite shocks, the country needs to offer higher external premia to
foreigners. When the only available tool is monetary policy, this shock leads to a depreciation on

impact to reduce imports and generate an expected appreciation. However, monetary policy alone

“The result of larger prudential capital controls in DCP also holds true for the extensive margin for economies vulnerable
to some kinds of shocks, e.g., commodity price shocks. In other words, a wider set of unhedged external debt levels can
justify capital controls under DCP than PCP.



cannot balance domestic price pressures and also target premia. Instead, households excessively
deleverage their debt. If FX intervention is also used, FX sales cushion the shock, allowing the policy
rate and domestic macro outcomes to move less by partly addressing the financial terms of trade
externality. This externality also generates a rationale for capital controls, which pushes capital
controls up when UIP premia are inefficiently high and pushes capital controls down when UIP
premia are inefficiently low. Capital controls are then appropriate to increase monetary autonomy,
in the sense that they address unresolved financial terms of trade externalities while allowing the
policy rate to better focus on domestic sources of price pressures.’ Finally, if FX intervention and
capital controls (or macroprudential policies) are used together, monetary policy rate is more de-
linked from the shock than when the policies are used individually, enhancing monetary autonomy
further.

Countries with shallow FX markets and external borrowing constraints face a policy conundrum:
while banning open FX positions can reduce the need for prudential capital controls to address pecu-
niary aggregate demand externalities, the ban increases the economy’s vulnerability to foreign ap-
petite shocks, and can make the economy more dependent on FX intervention. Since the households’
FX exposures are due to their ownership of intermediaries in our model, we consider the impact of
a ban on open FX positions for those intermediaries which are domestically owned so that domestic
currency debt is absorbed by foreign-owned intermediaries instead. Under deep FX markets, such a
ban on FX exposures is optimal, because it eliminates currency mismatches and the associated pe-
cuniary aggregate demand externalities with no side effects. However, under shallow FX markets,
the ban makes it more expensive to finance external debt and makes FX markets even shallower.
As a result, it increases the economy’s vulnerability to foreign appetite shocks and may make the
economy more dependent on FX intervention by increasing the marginal value of FX intervention

after these shocks.

*While they have similar macro effects in response to this shock, FX intervention and capital controls work through
different channels. FX sales reduce the total effective outflow that the private sector has to absorb, reducing the necessary
external premia. Capital controls de-link the external premia from the policy rate, so that a loosening of controls can provide
higher returns to foreigners without altering the policy rate.



In the presence of housing frictions, a new role for exchange rate flexibility arises. The exist-
ing literature shows that closed economies with high housing debt should impose macroprudential
housing debt taxes in normal times, and relax them (together with monetary policy) to support land
prices when the housing constraints bind. Our framework features this standard mechanism. In
addition, a new channel arises for open economies: an exchange rate depreciation generates expen-
diture switching not only towards the domestically produced traded good but also towards housing
services. This increased demand for housing services bolsters rents and land prices, and relaxes hous-
ing borrowing constraints that are set in domestic currency. This channel is most apparent when we
remove all of the policy instruments but let the exchange rate move flexibly in the face of a shock to
the housing debt limit. Comparing that case with the one where the exchange rate is fixed reveals
that the exchange rate depreciates and relaxes the housing sector constraint, even possibly to the ex-
tent of making macroprudential housing debt taxes unnecessary. The desired depreciation required
to relax the housing constraint may not match with the desired size of the policy rate reduction to
ease the constraint. If the policy rate reduction depreciates the exchange rate beyond the desired
size of depreciation, capital inflow subsidies (or reductions in inflow taxes) or FX sales can contain
the depreciation associated with the policy rate cut and avoid excessive expenditure switching.

While the larger exchange rate volatility in DCP aggravates FX borrowing constraints, it eases
domestic currency borrowing constraints. Recall that, everything else equal, there is higher exchange
rate volatility under DCP. This feature of DCP is beneficial in the case of borrowing constraints in
domestic currency. The exchange rate depreciation can boost housing sector consumption and relax
the housing constraint. The aggregate-demand-destabilizing effects of the depreciation are smaller
under DCP because of weaker expenditure switching. Thus, the DCP economy faces an easier trade-
off between relaxing the housing constraint and demand stabilization. This property translates into
smaller ex ante macroprudential housing taxes under DCP, since the exchange rate can be used more
forcefully ex post.

Considering the borrowing constraint of the housing sector and the banks at the same time, we



find that a housing constraint can trigger an external constraint and vice versa. For example, when
there is an adverse shock to the housing sector’s debt limit, as discussed above, the exchange rate
depreciates to help relax the constraint, which is in domestic currency. But when the banks’ bor-
rowing constraint is also relevant, the depreciation lowers their debt limit in FX terms and tightens
their constraint. In this scenario, we find that interest rates and capital controls are used ex ante to
reduce the interest burden on inherited debt for the housing sector and to limit external FX debt.

Symmetrically, the banks’ debt limit shock may cause the housing constraint to bind. The external
constraint is associated with a large cut in the policy rate and an exchange rate depreciation which
tends to increase the domestic currency value of rents and the land price. However, it is also associ-
ated with an increase in the borrowing rate for domestic households and the housing sector, and a
decrease in household consumption. These latter factors tend to reduce rents and the land price. If
the latter effects are larger than the former ones, the housing constraint may bind. Similar to above,
in this situation, ex ante policy actions such as ex ante housing macroprudential taxes become opti-
mal. Since the exchange rate depreciation is larger and the increase in the domestic borrowing rate
is smaller under DCP after external debt limit shocks, the housing market is better insulated under
DCP.

Our paper contributes to four 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. But 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. In this vein, our work is also related
to Egorov and Mukhin (2019) who look at optimal monetary policy and the use of capital controls
under DCP in a set up without pecuniary externalities or shallow foreign exchange markets.

Second, our paper contributes to the literature on aggregate demand and pecuniary externalities,

and the joint analysis 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 and policy instruments.

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
and 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.

Finally, our modeling of the frictions in the housing sector borrows elements from Kiyotaki and
Moore (1997). Specifically, we assume a similar externality to Kiyotaki and Moore (1997), where the
use of land depends on a constraint that includes the land price, but we consider an occasionally-
binding rather than an always-binding constraint, allowing us to explore the shocks that might cause
the constraint to bind. Our work is related to Korinek and Sandri (2016) who also aim to capture the
differences between capital controls and macroprudential tools using models that have either the
exchange rate or the land price in an occasionally-binding borrowing constraint. Differently from
them, we build a unified model nesting both types of constraints and rationales for capital controls
and macroprudential policies, while allowing for a broader set of general equilibrium interactions
across sectors and policies.

The rest of this paper proceeds as follows. First, section 2 lays out the model environment. Section
3 and 4 respectively describe our results for deep and shallow foreign exchange markets. Section 5

describes our results in the presence of frictions in the housing sector. Finally, section 6 concludes.
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2 A Three-Period Small Open Economy

We construct a three-period model of a small open economy composed of households, a govern-
ment, tradable sector firms, housing sector firms, domestic banks, and international financial inter-
mediaries, a fraction of which is owned by domestic households. Tradable sector firms use labor to
produce tradable goods. Housing sector firms use land to produce nontradable housing services; a
subset of these firms operates a linear technology and another subset uses a concave technology. The
economy receives an endowment of commodities that are exported. Tradable good prices are sticky,
and following Gopinath (2015), export prices of home-produced tradable goods may follow producer
currency pricing (PCP, i.e., exports are invoiced in domestic currency) or dominant currency pricing
(DCP, i.e., exports are invoiced in dollars). Under both PCP and DCP, import and commodity prices
are denominated in dollars.

An occasionally-binding borrowing constraint limits domestic banks’ debt to a fraction of the
domestic price of the tradable good, in the spirit of Mendoza (2010), Bianchi (2011) and Farhi and
Werning (2016). Another occasionally-binding borrowing constraint limits the debt of linear firms
in the housing sector to a fraction of the value of their landholdings, following Kiyotaki and Moore
(1997). There are two noncontingent assets—a domestic currency bond and a dollar bond—and asset
market segmentation: domestic agents can only trade the domestic currency bond, while interna-
tional financial intermediaries can trade in both bonds. This segmentation in international financial
markets follows Gabaix and Maggiori (2015). The constrained social planner maximizes households’
welfare while taking as given the decisions of private agents.

The financial structure of our model is shown in figure 2 and a stylized timeline of events is shown
in figure 3. A variety of shocks strike in period 1, 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

11



Figure 3: Timeline of Events

Ex ante Ex post
Policy rate Policy rate
Capital controls Capital controls
FX intervention FX intervention
Macroprudential controls Macroprudential controls

t=0 t=1 t=2

Price-setting decision Shock realized

Borrowing decision Borrowing decision s.t. constraint
Consumption decision Consumption decision Consumption decision
Exchange rate determination Exchange rate determination Exchange rate determination

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 policy rate and the interest rate earned by international financial intermediaries.
Such controls can be used in a prudential fashion, between periods 0 and 1, or in an ex-post
fashion, between periods 1 and 2. Prudential capital controls are similar to those studied 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).

Macroprudential controls. The planner can set taxes/subsidies separately on the borrowing of
households and of the linear housing sector firms. Such controls can be used in a prudential

fashion, between periods 0 and 1, or in an ex-post fashion, between periods 1 and 2.

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

12



before turning to the constrained social planner problem.

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

over consumption, and the Gali and Monacelli (2005) special case of linear disutility of labor:
Eo | 208U (Crav, Crr, Cra, N)

where U(CHt,CFt7CRt,Nt) = aHlogCHt —+ aplongt + (1 —ayg — ap) logC'Rt — N

Their maximization is subject to a budget constraint:

WiNy + Uy + g + Mlpre + Texre — Tor + Tre + EvP7 2y + D et

> PuCry + EvPryCrr + PriCre + (14 0ppe—1) (1 + pr—1) D (1)

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, Py, (i.e., the exchange rate multiplied by the dollar price of imports) is the domestic currency price
of imports, C'r; is the consumption of imports, Pr; and Cr; are the rental price and consumption of
nontradable housing services, Dy g+ is the domestic-currency debt at the end of period ¢, O ¢ is
the consumer macroprudential tax, and p; is the interest rate offered by domestic banks on domestic
currency debt in period ¢, which applies between periods ¢ and ¢ + 1.

On the left hand side of the budget constraint, /V; is labor supply, W; is the wage, I, is the
profit from tradable sector firms, IIp; is the profit from domestic banks, A is the fraction of inter-
national financial intermediaries owned by domestic households while 11z, is the profit of each of
them, Trx 1, is the profit of the planner from FX operations, T is the lump-sum tax levied by the
planner, T, is the transfer from housing firms (made only in period 2), 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, which are entirely exported.
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The households’ first order conditions (FOCs) lead to the following intratemporal conditions:

ag _ ap _ aR _ i (2)

CutPur  EPpCri CriPre Wi
(0523 E, Pt

= Opi = — preCr; where pgy = —= Lt
ap PRt

E, P;

and Cpy = Oé—IjIJI?HtCFt where pyy = : Ft,

ap PHt

where pp; is the price of foreign goods relative to domestic rents, and py; is the price of foreign

goods relative to home tradable goods. The FOCs also yield the Euler conditions:

ap E() R ap E1 [0
——L  —B(1+6 14 p)Ey | =————| and——— =3(1+46 14 pp) ———— .
ProCro B+ Onro) (1+ po) Eo lEI P;IC’M] PrCrp B+ 0nm) (1+ 1) B PryClra

(3)

Tradable sector firms

Tradable sector firms are monopolistically competitive and set prices at the beginning of period
t = 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 (), using labor, IV, (j). The varieties may be consumed domestically, Yy (7),
or exported, Yx; (j):

Yri (5) = Yue (5) + Yxe (5) = AN (5) (4)

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 1 e/(e—1)
Yy = (/ Vi (j)EV/e dj> .
0

®This extreme price-setting assumption keeps the model tractable. Under this assumption, we can interpret the optimal
exchange 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 inflation dynamics that may damage credibility.

good:
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The corresponding domestic demand curve is:

Yire () = (PH (j)>€ Y.

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

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 (5)\ °
Yxi(j) = Py Yx: and Yx; = wpxq,

where Px (j) is the price fixed by firms for each exported variety, Py 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 of their output, regardless of
whether the good is consumed domestically or exported, i.e., Px (j) = Py (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, Px (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 _ Etpl:it d DCP P;t_
Xt PH PX

Profit maximization for firms under PCP is given by:

max 7y () = Hae () + Mxe (4)
= max [ ZAt [Pr (7)) Yae () + Yxe (7)) — (L + @) Wi Ny (])]]

Ay Py

= max E, ZAt [PH (14 ¢) 1 (Yare + Yxt) (PH—U)> _1 :

where ¢ is a constant labor tax applied on all home production of tradable goods. We assume that
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firms have perfect access to dollar debt markets, so we set their discount factors as follows: Ay = 1,

— _1 Eg — 1  Eg7 :
A = a4 Br and Ay = (58 (153) Bs The FOC of the above expression produces a formula for
Py (j)—and, since all varieties are identical, for Py—as a function of home demand, export demand,

and the labor tax:

2
Eo [ZA&V—: (Y + YXt)]
t=0

Py =Py (j)=(1+¢) (®)

e—1 2

Eo [ > A¢ (Vi + Yxu)
t=0

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

where

2 W, Px (1))
Mx () = Bo | D_As | EePx () = (1+¢) — | Yxo [ =
— Ay Px
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, Px, in equilibrium. Taking FOCs of the above expressions

"This assumption means that while households own tradable sector firms, the discount factor of tradable sector firms
differs from those of the representative household. The reason for this assumption is our goal to de-emphasize the terms of
trade externality. If the tradable sector firms have the same discount factors as households, the terms of trade externality
would produce a motivation under shallow FX markets for the planner to distort exchange rates in order to alter the firms’
discount factors and thereby influence the production of tradable goods.
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and rearranging:

2 2
Eo [ZAt%YHt] . Eo [ZAt%YXt]
Pi = Pu (j) = (1+¢) ——=  Px=Px(j) = (1+¢) ——F
Eo [ZAtYHt:| Eo [ZAtEtYXt:|
t=0 t=0

2

2
Eo {ZAt%YXt] Eo |:ZAtYHt]
_ p,_ Li=0 =0

= PX 2 5
Eo lZAtEtYXt] Eo l At%YHt]
t=0 t=0
= Px (Py,Cro,{Cr1},{Cr2}, Eo,{Er},{E2}) . (6)

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

pendix A.1.

Housing sector firms

Housing sector firms are perfectly competitive and take rental prices as given, which are flexible
in every period. Following Kiyotaki and Moore (1997), there are two housing subsectors, one with
a linear production function and another with a concave production function. Firms in subsector
k € {Linear, Concave} purchase land, Lk in period ¢ in order to produce housing services, Yf{t 1

in period ¢ + 1:

L} for k = Linear
Vi =

Rt+1
G (L) for k = Concave

where G’ > 0, G” < 0, and G’ (0) = 1. They maximize expected profits given by:
Etnlf%tﬂ = E; [PRt+1YIi2€t+1 + Qt+1Lﬂ —(1+ 9%) (1+ pe) @t Ly,

where Pg; .1 is the rental price of housing, ¢; is the price of land, 6%, is the housing macroprudential

tax applied to each subsector, and p; is the interest rate offered by domestic banks.
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Housing sector firms finance their operations by borrowing from domestic banks and remit their
final asset position to households in period 2. The domestic currency debt of subsector k evolves as

follows:
D];mul = (1 + Qlfzt—l) (14 pe—1) D%t + Qth - [PRtY}]zft + Qth—l] - T]]\€4Pt + T}]%t' (7)

The first term on the right hand side is accumulated debt including interest payments, the second
term is the financing of land purchases via additional debt, the third term in square brackets is the
repayment of debt using rental income and the resale value of land purchased in the previous period,
the fourth term, T]’\} pg» s a lump-sum transfer to each subsector,® and the final term, T {%t, is a lump-
sum transfer made to the households in period 2.

The linear subsector is subject to a borrowing constraint between periods 1 and 2:

Linear Linear
D R2 < KLiq L1

Y

where 1, is a parameter governing the pledgability of land value between periods 1 and 2. The right
hand side of the constraint becomes tighter when the land price declines.” The linear subsector’s

optimality conditions are:

Eo [Pr1 + q1] Pra + @2 =q if DR < kg Li"e"
(1 + QLinear) (1 4+ ) =4qo and (1 + eLinear) (1 + ) . )
RO £0 R1 P > q1 if D]l:l%near — Hqulsznear
(8)
The concave subsector does not face a borrowing constraint. It satisfies the FOCs:
G LConcave E,[P +E el LConcave Ppo +
( 0 ) o [Pri] olq] — 4o and ( 1 ) R2 T (2 . )

(1 + eg(c)mcave> (1 + PO) (1 + egimcave> (1 + pl)

8We allow the planner to rebate the proceeds from macroprudential taxes back to the agents that have been taxed to
begin with. This assumption allows us to abstract from the income effects and to focus only on the substitution effects of
the taxes, in the spirit of the earlier literature that studies macroprudential taxes in representative agent models.

’We assume that the current price of land enters the constraint, rather than its future price as in Kiyotaki and Moore
(1997).
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Market clearing in the land market requires:
1y
Lt mear + LtC’OTLCG/UE — 1 (10)
Market clearing in the market for nontradable housing services requires:
Clrp = YLinear + YC’oncave 11
Rt — T Rt+1 Ri+1 . ( )

The planner’s proceeds from macroprudential taxes on each subsector are rebated back to the

same subsector via a lump-sum transfer:
Thrpe = 0oy (1 + py) Dy (12)

In Kiyotaki and Moore (1997), the two subsectors are not regulated. If the planner can impose
separate macroprudential taxes on both subsectors, it can neutralize the linear subsector’s borrowing

constraint. In this paper, we will mainly focus on the more interesting case where macroprudential

taxes are allowed on the linear subsector, i.e., 01%”6“’" € R, while the concave subsector is unregu-

: Concave —
lated, i.e., 0%; =0.

Domestic banks

The total debt position of the economy sums over household and housing sector debts:
Di1 = Do + DR + DRI,

Domestic banks lend to households and the housing sector by transferring funds in domestic cur-

rency from international financial intermediaries. They maximize profits:

g1 = (pr — i) Dy
subject to the borrowing constraint between periods 1 and 2:

Dy < kg1 P (13)
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This constraint takes a simple form: k7 is a parameter governing the pledgability of domestic trad-
able goods between periods 1 and 2, and it multiplies the domestic-currency price P, which means
that in dollar terms, the constraint becomes tighter when the exchange rate depreciates. This formu-
lation brings our model closer to practical concerns of policymakers around the world, and it also
echoes the constraint in Farhi and Werning (2016).'° If banks’ constraints do not bind, competition
between banks ensures that households and the housing sector can borrow and lend at the policy
rate: p; = %;. If banks’ constraints do bind, the borrowing rate p; rises above the policy rate i; in

order to clear the domestic debt market.

International financial intermediaries
International financial intermediaries take positions of ¢; 1 in domestic currency bonds and — q%—*:
in dollar 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 ”
——E; [(1 — 1 —(1
B B () U

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

where I'; > 0 captures the severity of the balance sheet friction, and ¢; is the capital inflow tax
announced in period ¢ and applies to the repayments made to the financial intermediaries in period
t + 1. A fraction )\ 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

1T 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 borrow from
banks, and those banks 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.

We assume that intermediaries maximize the dollar value of profits, not the domestic currency value of profits. This
assumption means that in the absence of balance sheet frictions (i.e., if Iy = 0), the intermediaries’ uncovered interest
parity (UIP) condition can be written in a form that clearly parallels the households’ Euler condition. As a result, when
combining the UIP and Euler conditions (as in equation (24), for example), there is no case for prudential capital controls if
households’ consumption levels across period-1 states are identical and unaffected by period-1 shocks.
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intermediaries ends up paying taxes in net terms.
The constraint for financial intermediaries always binds. We can derive the intermediaries’ de-

mand for domestic currency bonds:

; . E .
QEtl _ FitEt [(1 — o) (1+ip) 1+ zt)] .

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

Hpre1 = Q41 l(l — ) (L+14¢) — (L +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

L1
Ey

currency bonds, amounting to S; = 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.

In our model, FX intervention involves the planner taking a position of O;1; in local currency

bonds and F XI; = —Oé—tl in dollar bonds. The realized profit for the planner from this transaction
is:
B ‘ o Py
Trxr+1 = Oprr | (14 4) — (1 +45) T | (14)
t
Market clearing in the domestic-currency debt market requires:
Qt+1 = D1 — Oy — Ly,
which produces the “Gamma equations” that relate expected excess premia to capital inflows:
D, .
r F—FFXI()—SO :Eo[n1—<1+lo)] (15)
0
Dy -
r F+FX11—51 :772—<1+Z1), (16)
1
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where we define the gross return on domestic assets in dollar terms:

 FE
M1 = (1 — @) (1 +14;) ——— > 0.

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
constituent 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:”
= = —5 = Ei'n' = E{nf. (17)

The planner’s proceeds from labor taxes, capital inflow taxes, and consumer macroprudential

taxes are distributed to households via a lump-sum transfer:

Tat+1 + Wi Nepr + 0 (1 +4¢) (Qe1 + Lig1) + Omme (1 + pr) Do = 0. (18)

Competitive equilibrium

Definition A competitive equilibrium for this economy is a set of quantities {Cry, Crt, Cre, Ni,
Llinear [Concave 'y, Y, ykinear Ylgtonccwe}fzo and prices { Py, Py, { Pt}i:o AW, By, Pr, qt}fzo}
that satisfy the households’ constraints and FOCs (1)-(3), the tradable sector firms’ production
and price-setting decisions (4) and either (5) or (6), the housing sector firms’ production deci-
sions (8) and (9), the land and housing services market clearing conditions (10) and (11), the
banks’ borrowing constraint (13), the domestic currency bond market clearing conditions (15)-
(16), the contingency constraint for gross external returns (17), and the lump sum transfer

constraints (12), (14), and (18), taking as given the planner’s choice of the policy instruments

. 3 1
{Zb Pt 6HHt7 QlléineaT7 FXIt}t:O'

Substituting the competitive equilibrium equations into the households’ budget constraints, we
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obtain the economy-wide resource constraint for tradable goods:

~ . E
Dt+1 > _EtP;’t [UJC: - CFt] - EtPEtZt - (1 - )‘) Ot [(1 + Zt—l) - (1 + Zt—1> E tl
t_
E N
FA(1+i) =D+ (1= 3) (14+74) D, (19)
t—1

where (1 —1—/2'\15) = (1 — ¢¢) (1 + 7). Combining capital controls and the policy rate into an “effective
foreigners’ 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
condition and the information on whether the banks’ borrowing constraint is binding or not.

The resource constraint highlights the importance of the parameter \. Households own a fraction
A of the intermediaries, and those intermediaries borrow in dollars to purchase the domestic currency
debt that is issued by households and the housing sector. Therefore, when considering the economy-
wide external debt position, the fraction A of the domestic currency debt position nets out to generate
a net dollar exposure. If A > 0, households’ income moves as if households and the housing sector
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 the banks’ borrowing constraints. This connection of the banks’ constraint to the

exchange rate becomes more evident when the constraint is written in dollar terms:

Dy Py
— < — 20
B SRy (20)

The remaining fraction (1 — \) represents the domestic currency portion of the external debt posi-
tion.

Substituting the competitive equilibrium equations and the housing sector conditions into the
linear housing subsector’s borrowing constraint, we obtain a single equation which summarizes the

contribution of the housing sector to the competitive equilibrium:

D = (1-+ o) [(1+ 1) DEF — ProL 4
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G (1 — Lkimear) By [Pgy] ) G (1 — LEimear) Pry + gy
(Croggee) [ o) (o ) (15 o)
G' (1 — L{™") Pra + go
(1 + 6Ggmeave) (1 + py)

} (Lézinear . LE@inear)

o PRIL([)/znear +

((1 - HLI) L{/inear . L(I)/ineav") <0 (21)

arPyChy
ap [LtLi?ear e (1 - LtLiz‘leear)} :

where Pr; =

This inequality condition is slack if the planner can regulate both housing subsectors, i.e., if 557¢2v¢ £
0 is allowed, or if k1 is high enough such that the flexible adjustment of rents and land prices after
shocks poses no financing problems for the linear housing subsector. If so, the non-housing-sector
quantities and prices are not affected by the existence of the housing sector. If the constraint does
bind in equilibrium, owing to rents and house prices becoming excessively depressed after specific
shocks, then the housing sector does distort the competitive equilibrium. Rents and housing prices
become excessively depressed after shocks which decrease the pledgability of land, ~,1, or which de-

crease domestic aggregate demand, causing a reduction in the consumption of home tradable goods,

Chzt.

Constrained Efficient Allocations

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

H
afg . . bHt wpx
V (CF¢, prt, Pxt, Li1) = U (_anHtCFta Cre, L + G (1 — Lmeery C“FA Cry + = tC’;‘)
¢ ¢

ap [a%24 1 CHt)} af ( 1 CHt)
where Vpy = — |14+ — (1 ———F ||, V1= — (1 ———],
" Crt [ ap ( Ar ap P D

1—G' (1= L{meer)

w
V, = ——C}, and V; = « . . )
pxt t Lt RLtL_’L’I’ILCQT + G (1 B LtL_wlzear)

Ay

Next, we define four wedges which summarize the distance of the allocation from the efficient
frontier. We identify the key externalities related to each wedge, with the proviso that in our inte-
grated framework, the wedges are jointly determined as a result of all the externalities.

The first wedge is for home consumption, as in Farhi and Werning (2016), and arises from the
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stickiness of the tradable-good price when sold for domestic consumption:

1 Uny 1 Chy
14— =1 =
THt * A Upy A ap

This “aggregate demand (AD) wedge” is positive if Py is too high relative to domestic aggregate
demand. There are aggregate demand externalities because households do not internalize the impact
of their consumption decisions on the time path of aggregate demand, which determines the appro-
priateness of the pre-set domestic price, Py. There are also pecuniary aggregate demand externalities
because they do not internalize the impact of their decisions on the level of the exchange rate F;
which enters the banks’ borrowing constraint.

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

PCP
+PCP _ _ WhXxt i pPCPi Unt _ _ pPCPi Crt
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.

Together, the first and second wedges capture what we call “static AD and price pressures”:
whether excess/insufficient domestic and external demand for home-produced traded goods would
tend to push the prices of these goods up or down relative to the pre-set rigid level. In sections

3-5, we show that constrained welfare maximization produces a motivation for the planner to min-
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imize overall price pressures, i.e., to minimize a weighted sum of the above wedges, unless other
wedges need to be addressed at the same time. Therefore, while we assume rigid prices for analytical
tractability, optimal policies from our framework will achieve the major price stabilization motive
of the traditional New Keynesian framework. However, we do not capture inefficiencies related to
price dispersion or credibility-damaging inflation dynamics.

The third wedge captures the deviation of the gross external return from the level that would

prevail if all households could borrow using dollar bonds:
me=n— (1+i7_,) .

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. There is what we call a financial TOT externality because households do not internalize
the impact of their borrowing decisions on the external returns that other households must pay.

The fourth wedge captures the deviation of housing services production from its maximum level:
Tre=1—G' (1 — L)

This “housing wedge” is positive if land usage is shifted from the linear to the concave subsector of
the housing market. The production of housing services is maximized when the linear subsector uses
all of the land in the economy for its production. Production is reduced in the presence of borrowing
constraints and/or macroprudential taxes for the linear subsector. There is a pecuniary production
externality because housing sector firms do not internalize the impact of their land usage decisions
on the land price ¢; which enters their borrowing constraint.

In this economy, the first-best allocation is not feasible: all the wedges {7x¢, Txt, Trt, Tt } 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

26



competition is perfectly eliminated and the AD wedge is zero, i.e., 7r; = 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., 77, # 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, Py. The addition of
shocks to the economy, as well as the introduction of the UIP wedge, 1, and housing wedge, Tr;,
reinforces the result that all distortions cannot be entirely eliminated.

This observation leads us to focus on deriving constrained efficient allocations.

Definition A constrained efficient allocation is a set of quantities {C wt, Cre, Cre, Ny, LtLi”ear, LtC once

; 2 . .
YHt, YXt7 }/}%tmear7 YRCtoncave}t:O, prices {PH, Px, {pt}i:() s {Wt, Et, PRt, qt}?:O}’ and pOllCY

Linear

. . 1 . .
instruments {Zt, o, F X1y, Ogme, 05 } +—o Which solve under full commitment:

(

max
{CF&PH’Et,erl,FXIt7LtL_17115ar}

Py

2
Eqg [Zﬁtv (Cri
Eqg [zﬁtv (Crr
t=0

Py

Y

EiPg,

Py

*
PFt

’ Py

EiPg, EiPp, Lfir{ear)}
9 —

Lf_ir{ear)}

with PX = PX (CFO> {CFl} 5 {CF2}7E07 {El} ) {EQ}apH)

subject to the restriction that the allocation constitutes a competitive equilibrium. The full set
of equations is listed in Appendix A.2, which uses the dollar forms of all the constraints, fixes

the dollar values of all initial debt stocks and the period-2 land price, and sets §52"<*>¢ = (.

The joint consideration of the above policy instruments and wedges nests many important re-
sults from the literature and also allows us to establish several results that are novel relative to the
literature. We describe these results in the following sections, adding one set of frictions at a time
to gradually build towards a bigger model. Our framework allows us to determine whether policies
which have been highlighted in the literature as being useful to minimize specific wedges after cer-
tain shocks can also be used to address other wedges. We are also able to analyze whether policies

which have been recommended to reduce specific wedges in the literature may in fact exacerbate
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other wedges when economies suffer from multiple frictions.'?

To assess the complementarity and substitutability of instruments, and to facilitate the use of the
model for practical policy advice, we can derive optimal policies when different sets of instruments
are available in the planner’s policy toolkit. Every time an instrument is removed from the toolkit,

additional constraints need to be added onto the planner problem:

« If FX intervention is not permitted, we set F' X1y = FXI; = 0 and remove the FOCs with

respect to FX intervention, F' X ;.

« If neither capital controls nor consumer macroprudential controls are permitted, we add the
household Euler conditions (3) as constraints with the capital control and macroprudential

control terms set to zero.
« If housing macroprudential controls are not permitted, we set Ly = 1.

« Ifthe domestic policy rate cannot be used, we set it equal to the foreign interest rate, i.e., i; = 1;,

in the formula for the gross external premium, 7.

« If the exchange rate is pegged, we set the exchange rate in all periods and states to the initial

value E.

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

12In Basu et al. (our forthcoming IMF Working Paper), we catalogue a comprehensive characterization of the optimal
integrated use of policy instruments as a function of all the shocks and structural characteristics described in this section.
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Then in each section, we explain our results using a mix of analytical and numerical results to qual-

itatively characterize the optimal integrated use of policies.

3 Deep Foreign Exchange Markets

To present our results most clearly, we start with the smallest integrated model and gradually add
new frictions one at a time. In this section, we abstract from frictions in FX markets and the housing
sector, and focus on the optimal integrated use of the policy rate and capital controls under different
pricing paradigms when borrowing constraints are present. Most advanced economies and a few
emerging markets have deep FX markets, with their currencies being traded by a substantial number
of financial intermediaries, except possibly during episodes of severe global financial stress such as
the ongoing COVID-19 crisis.

As we explain below, we study the case with deep FX markets by setting I' = 0 (no intermediary
frictions), A = 1 (households own all intermediaries), and either perfect housing sector regulation or
k11 — o0 (no binding housing frictions) such that housing frictions are irrelevant, 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. The value of zero for I' means that financial intermediaries face no balance
sheet constraints, so their capacity to hold domestic currency debt is unlimited, and the country’s ex-
ternal debt position does not matter for the country’s gross external return, 7;. The Gamma equations

therefore reduce to the UIP conditions:
]Eo [Tpl] = (0 and T — 0. (22)

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
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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. As a further
simplification, we assume that housing frictions do not bind. As described in section 2, this result
follows either from regulation of both housing subsectors, i.e., both #5i"@" ¢ R and §5ome¢ € R

are allowed, or from high housing sector debt capacity, i.e., k1,3 — 00.

We define B; = E?_tl as the total domestic currency debt stock at the beginning of period ¢ con-
verted into a dollar value. Since this debt is entirely sold to international financial intermediaries, and
domestic households own all financial intermediaries, B; also represents the representative house-
hold’s effective exposure to external dollar-denominated debt.

The absence of binding housing sector frictions means that one of the two instruments of capital
controls and consumer macroprudential taxes becomes redundant, because both affect the economy

via altering external debt."”® Their optimal use follows the following expression, in which either of

them can be used by the planner while the other one can be set to zero:

nt+1Et+15Et{ﬁ$}
1— L ) iU =0
A-¢) _ " Bt (23)
(1+O95m:) o
1 if g > 0.

Throughout this section, we choose to focus on implementation via capital controls, i.e., set O, = 0
and allow ¢, € R. Equation (22) establishes that FX intervention does not affect the exchange rate,
so we defer further consideration of FX intervention to section 4. In addition, we defer further
consideration of housing macroprudential taxes to section 5.

The households’ Euler conditions can be rewritten as:

ap _ B
ProCro (1 — o) E, [g_t;]

(14145) 1 lEo ap (24)

aF (1—1—2?) af
—_— and >
E; P;1CF1] =

P Cr1 — " (1= ¢1) PpyClro’

BIn Basu et al. (our forthcoming IMF Working Paper), we show that the two instruments become complements in-
stead of substitutes, and they need to be used together, when there are unregulated sectors and/or circumvention of policy
instruments.
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These Euler conditions demonstrate that capital controls are effective instruments, as they raise the
domestic policy rate above the foreign interest rate and thereby reduce domestic borrowing. Ex-
change rates Ey 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:
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where U p; is the multiplier on the banks’ 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 ¢ + 1, taking
into account the AD wedge. The second term on the right hand side captures the distortion in the
Euler conditions if the borrowing constraint binds. The third term on the right hand side captures
the impact of the period-t + 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 the wedges, 7+

41f the shock is such that period-1 imports, Cr1, are 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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and Tx¢, may provide a rationale for policy 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, if we set all wedges to zero for illustrative purposes, we observe that both

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

=B+ i |
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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 the wedges are not zero, 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:
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TV
Relax bank constraint

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 75, 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, Tx:, represents the
benefit 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 im-
pact 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
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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. In line with condition (22), the domestic policy rate moves inversely to the
expected exchange rate depreciation.

The expression for capital controls is:

(
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(27)
where capital controls are ineffective, and therefore set to zero, when the banks’ borrowing constraint
binds.

Capital controls are non-zero if and only if the numerator and denominator of the fraction in
equation (27) are unbalanced. The expressions for the numerator and denominator are obtained by
substituting for the AD wedge, 75, using equation (26). Therefore, there are two possible rationales
for capital controls in this version of 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., ¥, > 0, which captures the concerns of many
emerging-market policymakers. Households do not internalize that their borrowing in period ¢t may
generate lower aggregate demand and a more depreciated exchange rate in period ¢ + 1, making the
banks’ borrowing constraint binding. When the borrowing constraint binds, equation (26) indicates

that the AD wedge, 7p, is optimally kept higher than the TOT wedges, 7x:, would justify, i.e., the
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exchange rate is more appreciated and the domestic policy rate is kept higher in order to address
the pecuniary externality and relax the constraint. Therefore, monetary policy and exchange rate
flexibility no longer fully address the AD externality. As a result, prudential 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
size of the externality to be related to the pricing paradigm (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). Our model nests the results of Farhi and Werning (2014) 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 (25)-(27) demonstrate 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.

3.2 Capital Controls and the Pricing Paradigm

In this subsection, we explain the connection between optimal capital controls and the pricing paradigm.
Our first lemma relates to the case when pecuniary AD externalities are not relevant because the

banks’ external debt limit does not bind in any period-1 state.

Lemma 1. [ff Y, = O for every period-1 state, the sole rationale for capital controls arises from TOT

externalities. The size of capital controls differs between PCP and DCP.

Equation (26) indicates that if the external debt limit never binds, the exchange rate is adjusted
to balance price pressures in every period and state. Specifically, the AD wedge, 77, which reflects

AD externalities as in Farhi and Werning (2016), is balanced against the TOT wedges, 7x;, which
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capture the TOT externalities introduced by Costinot, Lorenzoni, and Werning (2014).
In the expression (27), the AD wedge terms can be substituted out, and the optimal capital controls

are related solely to the time path of TOT wedges:
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The formulae for optimal capital controls are different under PCP and DCP. Under PCP, they
follow the results for the rigid-price case in Farhi and Werning (2014). In particular, capital controls
are zero for permanent productivity shocks, i.e., changes in the value of A; = A, and they are
imposed in the countervailing direction to shocks to the world interest rate, i.e., changes in the value
of 7]. By contrast, under DCP, our simulations show that the results are qualitatively reversed: capital
controls are non-zero for permanent productivity shocks and zero for world interest rate shocks.
The reason for the difference between PCP and DCP is that under DCP, export volumes cannot be
adjusted via exchange rate movements. Under PCP, the planner adjusts the exchange rate in order
to manage export volumes and thereby the balance between the AD and TOT wedges in each period
and state. Under DCP, the planner instead influences TOT wedges by using two indirect methods
to change the period-0 export-price-setting decision, which in turn pins down the entire schedule
of TOT wedges across all periods and states. First, as shown in equation (26), the planner adjusts
the exchange rate to balance the AD wedge in each period and state against the indirect impact
on the Px-setting decision (via the 8& terms). Second, as shown in equation (25), the planner
adjusts consumption levels in each period and state to influence the Px-setting decision (via the
ap 50~ terms). > In general, the time paths of both the AD and TOT wedges diverge between PCP and

DCP. As a result, the optimal capital controls change.

15 Appendix A.1 records the formulae for these partial derivatives.
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Our second lemma records the optimal exchange rate volatility as a function of the pricing

paradigm.

Lemma 2. [ff VU = 0 for every period-1 state, shocks which alter the time path of imports optimally

produce higher exchange rate volatility under DCP than PCP.

After a period-1 shock, equation (26) can be rewritten as follows:
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Consider a shock which is optimally associated with a reduction in Cr1, e.g., a permanent neg-

ative shock to commodity prices P, or an increase in the world interest rate ¢]. For a given level
of F, a decrease in C'r; makes the left hand side of the above equation higher than the right hand
side. Under PCP, equality is restored by depreciating the exchange rate to achieve both import and
export substitution: the consumption of home tradable goods, Cr; = 3;1 PI; FE1CFE1, increases while
the export volume, Yx; = wCY %, also increases.

Under DCP, the import substitution term on the left hand side remains equally operational, but

the export substitution term is replaced. The right hand side term has F; in the numerator, in the

oPx

6_571)’ and in the Px expressions. The DCP term captures

denominator of the (positive) term (—
the effect of the exchange rate decision on period-0 export-price-setting, and when C'r; is lower,
the marginal impact of a change in £ has a smaller effect on the DCP term than on the PCP term.
Therefore, for equality in the above equation to be restored, a larger increase in £ is necessary under
DCP than PCP.

Intuitively, although it may appear at first glance that exchange rate movements should be less
desirable under DCP than PCP because the traditional export substitution channel disappears under

DCP, that logic fails because so far, there is little welfare cost to moving the exchange rate. Even if

the marginal benefit is lower, exchange rates are moved until the net marginal benefit falls to zero,
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and that condition is satisfied for a larger depreciation under DCP than PCP.
Next, we introduce more welfare costs from moving the exchange rate. Specifically, we consider
an environment where the banks’ external debt constraint can become binding, and the debt limit is

tightened by an exchange rate depreciation.

Proposition 1. Iff U, > 0 in at least one period-1 state, prudential capital controls are higher under

DCP than PCP.

Consider a shock which causes the external debt limit to bind. Figures 4 and 5 illustrate such a
shock—a decrease in the value of x;—under PCP and DCP respectively. Equation (29) is altered to

the following expression:
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A binding debt limit causes a reduction in C'r;. Let us start from the values of the exchange rate
which satisfy equation (29) for PCP and DCP, i.e., for each pricing paradigm, the exchange rate is set
to the level that balances AD wedges against TOT wedges and thereby balances domestic and foreign
sources of price pressures. From lemma 2, we know that the exchange rate is more depreciated under
DCP than PCP to implement the same reduction in Cry, and from lemma 1, we also know that at
this level of the exchange rate, capital controls are only rationalized by TOT externalities.

The addition of the positive term on the right hand side of the above expression makes the left
hand side lower than the right hand side. Equality is restored under both PCP and DCP by ap-
preciating the exchange rate relative to the level which stabilizes price pressures. The necessary
appreciation is small under PCP because the appreciation affects both the import and export substi-
tution terms, but it may be large under DCP because appreciation affects import substitution, not

export substitution, and has only a small effect on the period-0 export-price-setting decision. After
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the appreciation, the AD wedge is larger than the price-pressure-stabilizing level, and the distance
may be larger under DCP than PCP.

This argument does not pin down the direction of the difference in the level of the exchange
rate or AD wedge between PCP and DCP, but it does suggest that the downward deviation of the
exchange rate from the level that balances AD wedges against TOT wedges is larger under DCP than
PCP, and the upward deviation of the AD wedge above the price-pressure-stabilizing level is larger
under DCP than PCP.

The optimal prudential capital control tax in period 0 is now calculated as follows:
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There is now a rationale for prudential capital controls arising from pecuniary AD externalities. If
the upward deviation of the AD wedge above the price-pressure-stabilizing level is larger under DCP
than PCP, the denominator of the fraction in the formula is larger, and prudential capital controls
are larger under DCP than PCP. Intuitively, since the planner recognizes that aggregate demand
will be excessively low after the shock, the planner imposes larger capital controls to redistribute
aggregate demand from period 0 to the period of the shock. The 2 60 terms also indicate that there
is an argument to impose capital controls to redistribute consumption in such a way as to affect the
period-0 export-price-setting decision.
The comparison of figures 4 and 5 confirms this result. We can see that the final exchange rate
depreciation after the shock is in fact larger under DCP than PCP, but owing to the larger prudential
capital controls and the associated redistribution of aggregate demand, the multiplier on the external

constraint is lower under DCP than PCP.
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This result concerns the intensive margin: for a given shock to banks’ external debt limits in
period 1, the prudential capital controls in period 0 are positive under both PCP and DCP, but larger
under DCP than PCP. In Basu et al. (our forthcoming IMF Working Paper), we confirm that this result
may be true on the extensive margin for other shocks. Specifically, we show that after a permanent
negative commodity price shock, the exchange rate depreciation is larger under DCP than PCP, and
therefore, the external debt limit may become binding under DCP with levels of initial FX debt for
which it would not be binding under PCP. Therefore, prudential capital controls are optimal for a
larger set of initial debt levels under DCP than PCP.

Our results in this section nest and correct some intuitions proposed in policy discussions. Al-
though some have proposed that exchange rate movements should be less desirable under DCP than
PCP because the traditional export substitution channel disappears under DCP, that logic fails when
there is little welfare cost to moving the exchange rate, and exchange rates should actually be more
volatile under DCP than PCP in order to stabilize price pressures. However, if external debt limits
bind, then while the marginal benefits of exchange rate movement remain smaller under DCP than
PCP, the marginal costs become large and indeed similar under PCP and DCP. In this case, it may be
optimal for the planner to appreciate the exchange rate to relax the constraint more under DCP than
PCP, potentially deviating more under DCP from the price-pressure-stabilizing level. And in prior
periods, this distortion should be remedied via higher capital controls.

In terms of related literature on capital controls and the pricing paradigm, Egorov and Mukhin
(2019) find that capital controls are optimally zero under DCP after foreign monetary policy shocks.
Their result appears similar to our result after interest rate shocks in the absence of external debt
limits, even though their result on exchange rate volatility under DCP differs from ours: they find
that it is optimal to have a “partial peg” of each economy’s exchange rate with the dollar. The reason
for the difference stems from the differences in the model settings: they assume the use of imported
intermediate inputs in production in the context of a continuum of identical small open economies

including the U.S. This difference in setting has two implications: first, the dollar price index of inter-
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mediate inputs moves according to the dollar depreciation; and second, simultaneous depreciations
do not achieve import or export substitution in their global setting. We consider only one small open
economy and therefore implicitly allow the composition of economies to be heterogeneous across

the world, so that it may be optimal for some countries to depreciate relative to others.

4 Shallow Foreign Exchange Markets

Next, we consider the additional friction of shallow FX markets and focus on the optimal integrated
use of the policy rate, capital controls, and FX intervention. The shallow FX markets case is rele-
vant for most emerging markets, as their currencies tend to be traded by a limited set 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 a premium to foreign investors. Additionally, these countries
are vulnerable to risk-on/risk-off phases of the global financial cycle, as the willingness of foreigners

to participate in the domestic-currency debt market exhibit boom-bust dynamics.

4.1 Policy Instruments and Wedges

The case with shallow FX markets corresponds to setting I' > 0 in the constraints and FOCs summa-
rized in Appendix A.2. The relevant household Euler conditions and Gamma equations are equations

(3) and (15)-(16). As in section 3, we define B; = E?jl' In the shallow FX markets case, the represen-

tative household’s effective exposure to dollar-denominated debt at the beginning of period 0 is given
by ABy. At the beginning of any other period ¢, the effective dollar-denominated-debt exposure is
given by AB; — (1 — \) FXI;_; while the effective domestic-currency-denominated debt exposure
is given by (1 — \) (B; + FXI;_1). As in section 3, we continue to assume that housing frictions do
not bind.'®

Under shallow FX markets, the UIP conditions in equation (22) are violated, with the level of

16This assumption ensures that the substitutability/complementarity of capital controls and macroprudential taxes fol-
lows the same logic as in section 3. With shallow FX markets, however, there may be a new rationale for ex post capital
controls for macro stabilization after shocks, which would be labeled as CFMs rather than CFM/MPMs in the IMF’s taxon-
omy.
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gross external returns depending on the quantity of domestic currency debt that financial intermedi-
aries 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 also sets the returns available to house-
holds), capital controls, and the expected exchange rate movements (the latter two of which create
a gap between households’ and intermediaries’ returns). For the shallowness of the FX market to
matter in welfare terms, we impose that domestic households do not own all the intermediaries, i.e.,
Ae0,1).

Moving from the deep to the shallow FX markets case, the instrument of FX intervention becomes
effective through the portfolio balance channel as in Gabaix and Maggiori (2015), Cavallino (2019),
and Fanelli and Straub (2019). Under shallow FX markets, the planner can use FX intervention to
absorb some of the debt inflows and outflows, thereby altering 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 this debt, which in turn alters exchange rates and allocations.

Specifically, the Gamma equations (15)-(16) establish that the planner should set (By11 + FXI; — S;) =

0 if it intends to reduce the expected external premia, ;7144 1, to zero for any given level of debt,
Bi11, and foreign appetite shock, S;. By contrast, the planner should set (By1; + FXI; — S;) # 0
if some expected external premia are optimal between periods ¢ and ¢ + 1.

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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Three wedges, {Tw¢, Txt, Tt }, now enter the planner’s Euler conditions and generate divergences
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from the households’ Euler conditions. Relative to the deep FX markets Euler condition (25), there
are two main additions: the term <%) t ['Q);, 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 ;.

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, 141, to be higher than the
planner would otherwise like it to be. We refer to this term as the financial TOT externality, which
arises owing to the following channel. 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 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.

Turning next to the UIP wedges, 1111, we observe that if households do not own all of the
financial intermediaries, i.e., A € [0, 1), then their external liabilities are effectively partially in do-
mestic 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 economy-wide dollar resources are reduced by shocks, and increase

the dollar value of repayments when economy-wide dollar resources are enhanced by shocks.
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The expression for capital controls changes relative to the deep FX markets case as follows:
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This expression captures both the financial TOT externality and the UIP wedge arguments from
above. On the financial TOT externality, if {2, is positive, the level of capital controls tends to be
larger, as the planner discourages households from borrowing in order to reduce the UIP wedge.
On the UIP wedges, the terms 71;1 are multiplied by (1 — \) in the denominator but not in the
numerator, showing that there is a role for the planner to use capital controls to redistribute resources
across states, because the representative household takes its effective borrowing rate (a combination
of the foreign and domestic policy rates) as given, while the planner internalizes that it depends on
the endogenous UIP wedges.

Exchange rate determination now follows the below expression:
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This expression is similar to the expression under deep FX markets, equation (26). Relative to that
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equation, the discounting of the bank constraint is altered depending on the size of the UIP wedge,
and there is an additional final term which ensures that the optimizations by the planner over ex-
change rates and UIP wedges are connected, i.e., the distribution of exchange rates and UIP wedges
must respect the non-contingency of the domestic policy rate.

The following trade-off determines the optimal UIP wedge, mr41:
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Higher premium tomorrow owing to rollover needs
where By, = D El is the dollar value of debt, and ®;, V¢, and A; are the multipliers on the

resource constraint, household 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 ¢ 4+ 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 the F' X I; terms enter the equation above.

The following trade-off determines the optimal level of FX intervention:
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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. This benefit
should be combined with any carry costs incurred by the FX intervention, taking into account that

higher carry costs incurred between periods ¢ and ¢ + 1 may result in higher external debt, which
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needs to be rolled over in period ¢ 4+ 1. The planner should intervene until the net marginal benefit
of intervention is pushed down to zero.

Moving from the deep FX markets case to the shallow FX markets case, one would expect to
find a greater role for capital controls and a case for FX intervention. The equations above 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, 7r;, which alters
the time path of consumption and the AD wedge, 75; 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.

4.2 Capital Controls and Monetary Autonomy

When FX markets are shallow, i.e., foreigners require non-zero UIP premia to hold domestic currency
debt because they face limits to arbitrage, the planner’s macro stabilization problem may be more
difficult than when FX markets are deep. Under deep FX markets, shocks destabilize the AD and
(export-volume-based) TOT wedges that the planner is trying to balance over time. Under shallow
FX markets, the same shocks additionally destabilize UIP wedges, and the planner needs to stabilize
those wedges as well, which may compromise the stabilization of the AD and TOT wedges.

In this subsection, we explain the connection between optimal capital controls and the financial
TOT externalities captured by the UIP wedges. We are specifically concerned with ex-post period-1

capital controls rather than prudential period-0 capital controls. Our main result is as follows.

Proposition 2. The financial TOT externality generates a rationale for capital controls to vary across
period-1 states in the same direction as the sign of I'()y, i.e., capital controls tend to be higher when UIP

premia are inefficiently high and lower when UIP premia are inefficiently low.

Equation (33) shows that there may be many rationales for capital controls, including the AD,

TOT, and pecuniary AD externalities from the deep FX markets section. Zooming in on the new
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financial TOT externality component, which is distinct from the export-volume-based TOT wedge
Txt, the equation shows that capital controls indeed move in the direction of the sign of I'(2;. This
result can be seen in its simplest form by writing down the constrained efficient FOCs for C'r; and
C'o for the case when the banks’ external constraint is not binding:
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The AD wedges, 75, can be replaced by TOT wedges, Tx;, using equation (34), but that equation
does not have {2y in it. Therefore, I'(); is in the FOC for C'r; but not in the FOC for Cg9, and as a
result, the financial TOT externality generates a rationale for the planner to distort the households’
borrowing decision between periods 1 and 2.

The above argument establishes that when the planner optimizes the consumption schedule while
taking the economy-wide resource constraint as given, there is a financial-TOT-rationale for capital
controls to move in the direction of the sign of I'(2;. To interpret further what this result means, we
need to characterize the formula for ['(); that emerges from the separate decisions of the planner as
it optimizes the resource constraint.

First, consider allocations when the policy rate and capital controls are in the planner’s toolkit
but FX intervention is not. In period 1, the FOCs for the UIP wedges yield the following expression
for ();:

Bo

'y =IT(1-\)d—. 39
1 (1—=2X) T, (39)

Therefore, any shock that is associated with an increase in debt, B, justifies higher capital controls
owing to the financial TOT motive, provided that I' > 0 and A € [0,1). If I" > 0 in the Gamma
equation, the higher debt increases the UIP wedge, which means that the economy as a whole pays

excessively high gross returns to financial intermediaries. If A € [0, 1), some of these returns go
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to foreigners instead of to other domestic agents, so the economy-wide resource constraint shrinks.
Increasing capital controls to reduce consumption reduces the increase in debt and thereby reduces
these losses. Conversely, any shock that is associated with a decrease in debt calls for lower capital
controls, because households are undertaking an excessive deleveraging from the economy-wide
perspective.

Figure 6 illustrates the role of capital controls in a DCP economy following shocks to the foreign
appetite for domestic currency assets, S1.!7 The dashed lines show the allocations achievable by
monetary policy alone. A positive shock causes a decline in the external premium 7, between periods
1and 2. Since the planner cannot eliminate this shock at its source, it is optimal to make the most of it
and increase imports. However, monetary policy alone cannot both balance the AD and TOT wedges
and optimize the UIP wedge: allowing an exchange rate appreciation so that households expand
imports also causes an increase in debt which pushes up the interest rate for all other households.
Excessive debt pushes down the absolute size of the UIP wedge, which reduces the ability of the
economy to exploit the shock. To mitigate this problem, the planner raises the interest rate, but
at the cost of reducing home tradable consumption and employment, i.e., 71 > 0 and 7x; < 0.
Conversely, after a negative shock, the reduction in imports coincides with excessive deleveraging
which the planner cannot fully avoid.

The solid lines show the allocations achievable when capital controls are added to the toolkit.
After a positive shock, the planner allows some increase in imports but mitigates the increase in
debt and the associated financial TOT externalities by increasing capital inflow taxes; while after
a negative shock, the planner offers capital inflow subsidies. As a result, the UIP wedge is kept
large in absolute size, allowing the economy to exploit the shock, with smaller adverse effects on the
destabilization of the AD and TOT wedges.

Next, consider allocations when the policy rate, capital controls, and FX intervention are all

available to the planner, and the FX intervention is not subject to any limits beyond carry costs. In

7Since the comparison between PCP and DCP is not our primary emphasis in this section, we illustrate our results using
the DCP assumption. Our main result on monetary autonomy is robust to the pricing paradigm.
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period 1, the FOCs for the UIP wedges and FX intervention can be combined to yield the following
expression for 2;:

IOy =0(1—\) — 2, (40)

This expression again establishes that the conditions I' > 0 and A € [0, 1) are required for the
financial TOT motive to be relevant in the capital controls formula. The expression additionally
establishes that the financial TOT motive does not always appear in the capital controls formula if
unrestricted FX intervention is available: it is possible that in the process of the planner optimizing
the resource constraint, it sets financial TOT externalities to zero.

Let us explain this latter point in more detail. Equation (40) actually holds for all the shocks we
consider in this paper. After a shock to the world interest rate, for example, such that (1 + %) =
(14 4}) but S5 = 0, we find that I'Q); = 0. The use of FX intervention to absorb part of the shock at
its source, and the possible additional use of capital controls to address AD and TOT wedges as well,
does not leave any residual financial TOT externality for capital controls to tackle. Even though debt
Bs does actually move across states, if FX intervention is unrestricted, it is set to absorb the financial
TOT externalities associated with that debt: B, + FFX1; = 0.

However, after shocks to the foreign appetite for domestic currency debt, it is optimal for the
planner to absorb only part of the inflow or outflow, because the planner wishes to earn carry profits
on the flow: By + F X1, = % This result of partial absorption is consistent with the findings of
Cavallino (2019) and Fanelli and Straub (2019), who consider a planner who uses only monetary
policy and FX intervention. In our context with the addition of capital controls into the toolkit,
partial absorption means that even after the planner optimizes the resource constraint, there remain
unaddressed financial TOT externalities which affect the use of capital controls.

Figure 7 illustrates the joint use of monetary policy, FX intervention, and capital controls in this
economy following shocks to the foreign appetite for domestic currency assets, S;. The dashed lines
show the allocations achievable by monetary policy and FX intervention, excluding capital controls.

There is partial absorption of the shock via FX intervention, and imperfect macro stabilization. The
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solid lines illustrate the joint use of all three instruments. The addition of capital controls does not
eliminate the financial TOT externality, as ['(); continues to be non-zero, but it does fully stabilize
macro allocations.

Capital controls and FX intervention are substitutes for the policy rate after foreign appetite
shocks. Their joint use allows the policy rate to remain unaffected by the external shock, so that
monetary policy can focus instead solely on the domestic sources of price pressures. In terms of the
wedges, the destabilization of the UIP wedges can be de-linked from the fully stabilized AD and TOT
wedges. The same result holds under PCP.

Our result sheds light on the modern discussions related to the monetary policy trilemma. From
a feasibility perspective, if a small open economy has the policy option of exchange rate flexibility,
as we allow in our model, the policy rate can feasibly diverge from the world interest rate, and the
economy does not find itself in one of the corners of the traditional trilemma. Moving beyond feasi-
bility, our model suggests that we should view the modern discussions about the trilemma through
the lens of optimality.

Rey (2013) and Miranda-Agrippino and Rey (2019) have argued that U.S. monetary policy shocks
cause downturns in the “global financial cycle” and thereby generate reductions in global asset prices
and cross-border flows. This evidence has been used to propose that small open economies do not
possess monetary autonomy unless they impose capital controls. In our framework, the issue is
reframed as a question of whether in the face of external financial shocks, small open economies can
use monetary policy in their traditional sense: to stabilize price pressures, which in our model arise
from the combination of AD and export-volume-based TOT wedges.

Our proposed answer is that under deep FX markets and no binding external constraints, coun-
tries have an easier task, because no new wedges are introduced, and monetary policy is an appro-
priate instrument to stabilize the existing wedges in the face of external shocks. Capital controls
may also be used to address TOT externalities. Under shallow FX markets, a new UIP wedge arises

in addition to the existing AD and TOT wedges, and external shocks destabilize the UIP wedge as
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well, so the stabilization of the AD and TOT wedges is compromised. Capital controls are then ap-
propriate to increase monetary autonomy, in the sense that they address unresolved financial TOT

externalities while allowing the policy rate to better focus on domestic sources of price pressures.

4.3 Emerging Market Conundrum

In the previous section, we showed that currency mismatches generate vulnerability to shocks to the
ability to issue external FX-denominated debt. In the current section, we have shown that shallow FX
markets generate vulnerability to shocks to the foreign appetite for domestic-currency-denominated
debt. In practice, many emerging markets may suffer from both currency mismatches and shallow
FX markets and may therefore be vulnerable to both shocks. In this case, it is important that policy
actions to address one kind of shock do not inadvertently increase the vulnerability of the country
to the other kind of shock.

We illustrate this conundrum by considering the impact of a particular macroprudential regula-
tion: a ban on open FX positions for those intermediaries which are domestically owned. Since the
representative household acquires currency mismatch through its ownership of intermediaries who
have dollar liabilities, such a ban may be seen as a way to reduce the economy’s vulnerability to debt
limit shocks.

The following lemma establishes that banning open FX positions is appropriate if FX markets are

deep.

Lemma 3. If FX markets are deep, i.e., I' = 0, a ban on open FX positions by domestically-owned
intermediaries is optimal and removes the need for prudential capital controls to address pecuniary AD

externalities.
If FX markets are deep, the economy-wide resource constraint (19) is replaced by the following:
Diy1 > —E Pty (WO — Cri] — EiPyZs + (1 +7H) D. (41)

Relative to equation (19), there is no fraction A of debt with currency mismatch, so an exchange rate
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depreciation does not increase the domestic currency value of debt repayments, and the pecuniary
AD externality disappears. The planner is free to depreciate the exchange rate after all shocks, includ-
ing debt limit shocks, in order to balance price pressures and stabilize domestic activity. Therefore,
prudential capital controls are no longer optimal to address pecuniary AD externalities. There is no
side effect because the UIP conditions (22) continue to hold.

However, in a model which integrates both frictions of external debt limits and shallow FX mar-

kets, a ban on open FX positions may also generate costs.

Proposition 3. If FX markets are shallow, i.e.,I' > 0, a ban on open FX positions by domestically-owned
intermediaries has the same benefit as under deep FX markets, but also had two side effects: (i) external
debt is more expensive in steady state; and (ii) the economy is more vulnerable to foreign appetite shocks

and may become more dependent on FX intervention.

If FX markets are shallow, then the economy-wide resource constraint (19) still changes as in the

deep markets case, but includes a term for the carry costs of FX intervention:

Diy1 > —EPpy WO — Cri| — By Py Zs + <1 +?t—1) Dy — Oy l(l +/Z'\t—1> — (1+14;,) E?; :

(42)
Again, the pecuniary AD externality disappears, so prudential capital controls to address this exter-
nality go to zero.

Unlike the deep FX markets case, the fact that domestic currency debt can only be absorbed by

foreign-owned intermediaries means that the Gamma equations (15) and (16) are altered as follows:

Ty (B + F X1y — So) = Eo [m — (1 +ig)] (43)

W(BQ+FX]1_5’1):772_(1+iT)’ (44)

and the amended system of constraints and FOCs is summarized in Appendix A.4. FX markets effec-
tively become shallower, i.e., the effective Gamma becomes ﬁ, which is higher than I'. There are

two main side effects, which we discuss next with reference to two figures: figure 8, which shows
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the impact of the regulation on the allocations after external debt limit shocks; and figure 9, which
shows the impact of the regulation on the allocations after foreign appetite shocks. In both figures,
the dashed lines represent allocations without the regulation and the solid lines represent alloca-
tions with the regulation. For illustrative purposes, FX intervention is not allowed. We impose the
following constraint for ¢ € {0,1}:

FXI, = 0. (45)

The first side effect is that external debt is more expensive in steady state. Figure 8, which il-
lustrates debt limit shocks, shows that the regulation generates significant deleveraging when FX
intervention is set to zero. 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. If the FX market becomes shallower, UIP wedges increase and debt decreases
in equilibrium. Even though ex ante capital controls are not needed for pecuniary AD externalities
(indeed, the external debt limit no longer binds after the regulation), there are large steady-state
capital controls to mitigate financial TOT externalities.

The second side effect is that the regulation increases the vulnerability of the economy to foreign
appetite shocks and increases the marginal value of ex post FX intervention. Figure 9, which illus-
trates foreign appetite shocks, plots the allocations with monetary policy (MP) and capital controls
(CC) only, and then we can infer the marginal value of ex post 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 intervention can be assessed from the values of the period-
1 multipliers, {©1', 0%}, on constraint (45). Moving from the allocations without the ban to the
allocations with the ban, the values of the multipliers increase from {91/ = —0.03,0{ = 0.02} to
{@{{ = —0.04,0F = 0.12}, establishing that the value of ex post FX intervention increases. The
country becomes more reliant on FX intervention after foreign appetite shocks.

We believe this conundrum is a fairly general problem for emerging markets whose residents
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issue both FX-denominated and domestic-currency-denominated debt to foreigners. These countries
typically face both kinds of frictions (currency mismatch and shallow FX markets) and both kinds
of shocks (binding external FX debt limits and fluctuations in foreign appetite for domestic currency
debt).

The conundrum we have identified does not depend on the specific functional forms we have
chosen above. The necessary ingredients are fairly simple: some domestic agents should have the
option to issue FX debt, their decision to issue FX debt should be endogenous to the UIP premia on
domestic currency debt, and the government has the ability to regulate them. If domestic residents
borrow in FX in response to an increase in the UIP premia, in order to either reduce their own issuance
of domestic currency debt or in order to lend to other domestic agents in domestic currency, their
actions mitigate the change in UIP premia and reduce the dependence of the economy on foreign
intermediation. However, their new FX debt obligations increase currency mismatch. And if they
are forced to reduce currency mismatch to reduce the vulnerability of the economy to external FX
debt constraints, they are not available to bypass the foreign intermediaries after negative foreign

appetite shocks.

5 Housing Sector

Finally, we consider the additional friction of housing sector borrowing constraints and focus on the
optimal integrated use of the policy rate, capital controls, FX intervention, and domestic macropru-
dential taxes. Whether a country as a whole has high or low external debt, there may be substantial
stocks of debt contracted between different domestic agents, and domestic borrowing constraints are
likely to be related to the domestic currency value of nontraded assets. For the housing sector, an
appropriate collateral would be land. Leveraged domestic borrowing is relevant for most advanced
economies and a growing number of emerging markets which have gradually developed domestic
credit markets over time.

Housing frictions have usually been analyzed in closed economy models where fire sales of land
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are triggered by domestic shocks, and the possibility of crisis-time fire sales rationalizes taxes or
quantity restrictions on domestic housing sector debt in normal times. In this section, we nest such
housing sector frictions in an open economy model where fire sales of land may be triggered by
both domestic and external shocks, and may rationalize a combination of domestic (policy rate and

macroprudential debt taxes) and external adjustment tools (capital controls and FX intervention).

5.1 Policy Instruments and Wedges

The case with housing frictions draws on the full set of constraints and FOCs summarized in Ap-
pendix A.2. For housing frictions to matter for the equilibrium allocations, we require two conditions:
firstly, that the planner can only impose macroprudential taxes on the linear housing subsector, i.e.,
0%”6‘” € R, while the concave subsector is unregulated, i.e., Q%‘t’"cave = (; and secondly, that hous-
ing sector borrowing capacity is limited, i.e., 1,1 is sufficiently low. Housing frictions may rationalize
a combination of domestic and external adjustment tools. In this subsection, we first explain the ra-
tionale for macroprudential taxes on housing debt. Then we turn to additional policy instruments,
including those only available in open economies.

Relative to the previous sections, there is now a meaningful decision for the planner to make
regarding the quantity of land held by the linear and concave housing subsectors. Let us begin with
describing period-1 crisis-time outcomes and then derive the optimal prudential policies in period
0. The following trade-off determines the constrained-efficient quantity of land held by the linear

subsector in the period-1 state s:'®

BarTrs . Iq Li Li
- = — \I’qul (1—/€L1)—|—\I’R1— ((1 _'%LI)L inear _ 1 znear)
Y Linear 1 0
Yro ~— oLt
Housing constraint ~ ~~ -
Minimize housing distortion Tightening of constraint

8In our notation, a derivative of the form Eq {\IJ Rl %} indicates the marginal impact of changing the variable Y] in a
1

particular period-1 state s on the expected value of the variable X; across states, weighted by the housing multiplier ¥
in each state. All derivatives depend on whether the planner has access to capital controls or consumer macroprudential
taxes, and they are documented in Appendix A.2.
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where VU g, is the multiplier on the housing constraint in period 1, a hat over a variable indicates the
FX value of that variable, and the FX gross return related to domestic interest repayments between

periods t and ¢ + 1 is given by:

The FX gross return covers both the borrowing rate and the exchange rate movements between the
two periods. Unlike the gross return 7,4 of international financial intermediaries, the gross return
Xt+1 is not subject to capital controls because it covers purely domestic transactions.

If the housing constraint is not binding, i.e., U, = 0, then there is no distortion to housing
output, i.e., Try = 0, and all land is held by the linear subsector, i.e., Lfme” = 1. If the housing
constraint is binding, i.e., ¥r; > 0, the first term on the right hand side shows that the housing
wedge Ty exceeds 0, indicating that L% decreases below 1. The decrease in L¥"¢" reduces
the period-1 land price ¢, i.e., #‘Z{W > (, which tightens the constraint via the second term.
The associated decrease in the period-0 land price affects the inherited debt of the linear subsector,
represented by the third term.

The following trade-off determines the constrained-efficient quantity of land held by the linear

subsector in period 0:

_ ; \
(quO — Pp1 — ql)
ﬁ ORTR1 Hedging motive
— =Eo | V1 | =~ p o |- (47)
YRl + 0 (qu()) (LLineaT . LLinear) . aPRl LLinear
~— aLLinear 0 -1 aLLinear 0
Minimize housing distortion <70 L, 270 ,
L L Effect on period-0 land price Effect on rent ) |

If the housing constraint is not binding in any of the period-1 states, there is no distortion to land

usage by the linear subsector in period 0. Let us now consider an allocation when the housing
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constraint is binding in one of the period-1 states.

The first term on the right hand side is the hedging motive. The term is positive if the linear
subsector’s net profit from land (i.e., the value of rents ﬁm and the land price ¢g; minus interest
payments x1qp) is negative in the period-1 state where the housing constraint is binding. If so, the
linear subsector’s constraint in that state could be relaxed if the subsector were holding less land
and less inherited debt from the previous period. It is indeed optimal for the planner to relax the
constraint in this manner because there is a pecuniary production externality: individual firms in
the linear housing subsector do not internalize that their period-0 debt decisions affect the period-1
land price and thereby the tightness of the period-1 constraint. The planner relaxes the constraint by
reducing L}°*" below 1. The second and third terms on the right hand side capture the side-effects
of the reduction in L{*"“®" on the period-0 land price and on period-1 rents.

The planner can reduce L™ below 1 using a period-0 domestic macroprudential tax on the

debt of the linear housing subsector. The housing macroprudential tax in period ¢ follows the ex-

pression:
.
ap E « E ~
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\
where @ is exogenously fixed.!” The desired reduction in LL“?" causes a decrease in the period-0
land price, o, as the concave subsector is forced to hold some land. To prevent the linear subsec-

tor purchasing all the land at this lower price, the planner imposes a positive ex ante tax on that

YFixing g2, the FX value of the land price in period 2, captures the assumption that short-term policy actions cannot
alter the long-term relative price of land to foreign tradable goods. The corollary of this assumption is that depreciations
increase the period-2 land price in domestic currency.
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subsector, i.e., Qﬁ%”ear > 0.

In the absence of other instruments, the hedging motive is positive, because fire sales decrease
the net payoffs from land. Therefore, the housing macroprudential tax imposed in period 0 is also
positive.

However, the planner possesses additional policy tools to help relax the housing constraint (21),
and these tools may alter the hedging motive and thereby the rationale for the housing macropru-
dential tax. We turn next to the use of these other instruments, both domestic and external. The
planner can relax the housing constraint by reducing the policy rate and domestic borrowing rate,
which raises the land price via the no-arbitrage condition of the concave housing subsector. The
planner can also use a combination of policy tools to depreciate the exchange rate, which relaxes the
housing constraint via two channels: firstly, it generates substitution in consumption from imports
to home goods including housing, thus boosting rents and house prices; and secondly, it increases
the domestic currency price of land in period 2, which filters back to a higher domestic currency
price in period 1 as well.

The use of these additional instruments to stabilize the housing sector generates distortions for
the non-housing sectors of the economy, which must be balanced against the relaxation of the hous-
ing constraint. Exactly which distortions are generated in the rest of the economy depends on the set
of available instruments, and in particular whether the planner has access to capital controls or con-
sumer macroprudential taxes. The formula for the FX value of the housing sector’s gross borrowing

rate depends on which of the two instruments is available:

AR
P}:'tCFt

,BEt+1Ez{ . =

B4 Pryy1CFt+1

lfQOt € R but QHHt =0
Xt+1 = }
Ne+1 if Oy € Rbut o = 0.

If capital controls are allowed but consumer macroprudential taxes are not, i.e., s € Rbut 0y = 0,
the housing sector’s FX borrowing rate is identical to the borrowing rate of domestic households, and

altering the borrowing rate must be balanced against distorting the domestic consumption path. If
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consumer macroprudential taxes are allowed but capital controls are not, i.e., O € R but ¢, =0,
the housing sector’s FX borrowing rate is identical to the return received by international interme-
diaries, and altering the borrowing rate rate must be balanced against altering the UIP wedges paid
by the domestic economy to foreigners.

In other words, the occasionally-binding constraint of the housing sector breaks the result of sub-
stitutability between capital controls and consumer macroprudential taxes (assuming perfect cover-
age of both instruments) from sections 3 and 4. The two instruments are in principle substitutable in
period 0, but they are not substitutable in period-1 states when the housing constraint binds, and the
divergence in allocations in those period-1 states causes a divergence in the optimal period-0 levels
of the instruments as well.

We can catalogue the constrained efficient FOCs depending on whether the planner has access to
capital controls or consumer macroprudential taxes. First, if capital controls are allowed as in section
4, the expressions (35) and (36) remain unchanged, as do the exchange rate FOCs in periods 0 and 2

represented by equation (34), but the FOC for the exchange rate in period 1 changes to the following:

100, TX1
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S -k Linear s X140
+Ey | Wp { Bf oL [(1+z,1)BRO — PpoLy| + B2 (1 — L y)
Inherited housing debt relative to rent and land price Effect on period-0 land price
(49)
. . oxs oxs . . . .
The last term is new and, since agls < 0 and 5 g}s > (), indicates that the planner finds it optimal
1 1

to depreciate the exchange rate in period-1 states in which the housing constraint binds, relative to
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those period-1 states in which it does not bind. We explained above that such a depreciation raises
rents and the land price. Another way to view the same mechanism is that there is a reduction in
the ratio of inherited debt to period-1 rents and the land price, and this view is captured in the above
expression. The distortion from using the exchange rate to support the housing sector is a reduction
in 771, indicating positive price and AD pressures.

The new Euler condition between periods 0 and 1 is:
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(50)
and the new formula for the ex ante capital control tax, ¢, is:
1 4 o }
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This expression captures how the inclusion of the housing sector alters the optimal capital con-

trols. First, the formula reveals how capital controls interact with the policy rate. We know that

reducing the policy rate in period 0 (via increasing C'rg, with aagf;o < 0) and in the period-1 state

X1

when the constraint binds (via increasing C'r; in that state, with 57
F1

> 0) help relax the housing

constraint. The formula shows that for given UIP wedges, such policy rate reductions reduce the

9Pr;
aCr,

necessary ex ante capital controls. Second, the formula includes terms related to and %@;1’
which establish that capital controls should shift consumption intertemporally in order to bolster
rents and house prices in period-1 states when the housing constraint is binding.

Next, we consider the allocations if consumer macroprudential taxes are allowed but capital con-
trols are not. The FOCs for the exchange rate and FX intervention, given by equations (34) and (36),
remain unchanged relative to section 4. However, the expression (35) summarizing the trade-off for

the optimal UIP wedge between periods 0 and 1, 71, is altered to the following:

By + F X1 1
Qo = (1= A) (D) + Uppy) L0 AR,
~— I ™
Ability to borrow more today ~~ - ~—
Higher repayments tomorrow Prevent excessive contingency of premium

J

Q- NUT(B+FXL) 4+ g [(1 i) B — Pror ],

TV
Higher premium tomorrow owing to rollover needs

Higher inherited housing debt for linear subsector
(52)
The last term is new and indicates that the planner finds it optimal to reduce the UIP wedge, i.e.,
depreciate the exchange rate, in period-1 states in which the housing constraint binds. The distortion
from using the exchange rate to support the housing sector is an increase in (), indicating that
international financial intermediaries are less willing to finance domestic currency debt in period 0.
To restore the attractiveness of the debt, the planner can commit to appreciate the exchange rate in
period-1 states in which the housing constraint does not bind, distorting allocations in those states

as well.
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The trade-off for the optimal UIP wedge between periods 1 and 2, 719, is altered to the following:

By + FXIT
N :(1_A)¢1L

J
Ability to borrow more today ™ ~~
Higher repayments tomorrow

9 (via
—%;;O) (Lo — L_4) ,+ \\PRla_nz (L =#r1) Ly = Lo) . (53)

Vs TV
Reduction in period-0 land price Lower period-1 land price, tighter constraint

1 0q;
+ —Eo |¥r1 an
T

J/

The last two terms are again new. The terms capture the impact of the UIP wedge on the constraint
via the period-0 and period-1 land prices.

Constrained efficient allocations with consumer macroprudential taxes instead of capital con-
trols follow the Euler condition (51), but some of the derivatives inside the expression take different
values.?’ In particular, the borrowing rate for households and the housing sector are no longer con-

nected, so we need to impose that aac’fl = 888;81 = 0. Nevertheless, we preserve the result that
Fo F1

consumption levels can be altered (now via consumer macroprudential taxes instead of capital con-
trols) in order to bolster rents and house prices in period-1 states when the housing constraint is
binding. The value of the ex ante consumer macroprudential tax is obtained by setting ¢y = 0 in the

period-0 version of equation (23).

5.2 Spillover of Housing and External Constraints

In this subsection, we explain the connection between housing constraints, external constraints, and
the pricing paradigm in an open-economy context. Many countries, especially emerging markets,
may find themselves vulnerable to two kinds of occasionally-binding borrowing constraints: domes-
tic and external. This topic has been the subject of both theoretical and empirical work (e.g., Caballero
and Krishnamurthy, 2001, Kaminsky and Reinhart, 1999). Domestic borrowing constraints typically
feature domestic-currency-denominated debt which may be collateralized using domestic nontrad-
able assets such as housing, so the constraints become relaxed as the policy rate is reduced and the

exchange rate depreciates. External borrowing constraints typically feature dollar-denominated debt

2For more details on the derivatives, please see Appendix A.2.
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which may be collateralized using some element of domestic production, so the constraints become
tighter as the exchange rate depreciates and the dollar value of domestic collateral declines.
Our first lemma establishes that ignoring the external constraint, it is optimal to depreciate the

exchange rate to help loosen the housing constraint.

Lemma 4. IfUp; = 0 for every period-1 state, it is optimal to depreciate the exchange rate in period-1
states in which the housing constraint binds, i.e., V1 > 0, relative to those period-1 states in which it
does not bind, i.e., V1 = 0. Ex post exchange rate flexibility reduces ex ante housing macroprudential

taxes and may make them unnecessary.

The importance of exchange rate depreciation was described above in our discussion of equation
(49). In domestic currency terms, a depreciation relaxes the constraint in two ways. First, it stimulates
substitution of consumption from imports to home tradable and nontradable goods, the latter of
which includes housing services. This substitution effect increases period-1 rents, which reduces
the tightness of the borrowing constraint of the linear housing subsector. Second, it increases the
period-1 land price. The reason is that if we fix the long-term relative price of housing to imports
(which is implied by monetary neutrality), a depreciation in the exchange rate increases the domestic
currency price of land in period 2, which filters back to a higher domestic currency price in period 1
as well. The higher price increases the domestic debt limit of the linear housing subsector.

In FX terms, these two effects can be summarized in a simple manner: there is a reduction in the

ratio of inherited debt to period-1 rents and the land price, which loosens the housing constraint. This

is the view reflected in the derivatives gﬁ; < 0 and ;B?S > () in equation (49), which establishes that
the planner finds it optimal to depreciate the exchange rate in period-1 states in which the housing
constraint binds, relative to those period-1 states in which it does not bind. The equation warns
that the distortion from using the exchange rate to support the housing sector is a reduction in 777,
indicating positive price and AD pressures.

To understand the impact of depreciation on the ex ante housing macroprudential tax, consider a

shock which causes the housing constraint to bind. Figure 10 shows how the importance of exchange
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rate flexibility in a DCP economy after such a shock: a decrease in the value of s, the pledgability
parameter in the linear housing subsector’s borrowing constraint when they borrow from domestic
banks.?!

The dashed lines show the allocations when the exchange rate is pegged and no policy instru-
ments are available beyond the housing macroprudential tax. In this case, there is a positive hedging
motive after the low realization of the debt limit shock, because the shock reduces the land price as
it tightens the constraint. As expected, the planner optimally imposes an ex ante housing macropru-
dential tax to address the pecuniary production externality, reflected in the positive housing wedge.

The solid line in the figure shows that exchange rate flexibility can be strikingly effective. In this
case, the planner allows the exchange rate to depreciate after the low realization of the shock in order
to relax the constraint: the decline in 1 is partially offset by an increase in the domestic currency
value of rents and the land price. This ex post exchange rate depreciation may result in the domestic
currency rents and land price being similar across period-1 states, or even being higher after the low
shock. If so, the hedging motive disappears, and we may obtain the counterintuitive result that an
ex ante housing macroprudential tax is not necessary to address a domestic housing sector shock. In
the simulation plotted, the optimal value of this tax actually hits its lower bound of zero.?

How capital controls and FX intervention should be used depends on how the desired exchange
rate depreciation compares to the planner’s desired policy rate reduction to support the housing
sector. As described in the previous subsection regarding equations (50)-(51), the planner can relax
the housing constraint by reducing the policy rate and domestic borrowing rate, which raises the
land price via the no-arbitrage condition of the concave housing subsector. This channel is distinct
from the exchange rate channel. If the desired policy rate reduction is so large that the associated
depreciation exceeds the desired level, then the Gamma equations (15)-(16) indicate that capital in-

flow subsidies and/or FX sales should be used to contain the depreciation. If the desired policy rate

210ur main results on the housing constraint are robust to the pricing paradigm. We explain below how the pricing
paradigm affects the transmission channel between external and housing constraints.

22The upper bound on land use in the linear subsector, i.e., L{;”’”e‘“" < 1, corresponds to a lower bound on the ex ante
housing macroprudential tax, i.e., 91%6"6“7" > 0.
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reduction is so small that the associated depreciation falls short of the desired level, then capital
inflow taxes and/or FX accumulation are appropriate instead.

Figure 11 provides the allocations when more policy instruments are available. The solid lines
in the figure show the allocations when all instruments are available except the consumer macro-
prudential tax. In addition to the exchange rate depreciation, the policy rate is reduced after the
debt limit shock, while the ex ante housing macroprudential tax continues to be zero. The monetary
loosening comes at the cost of a lower AD wedge, indicating positive price and AD pressures. The
policy rate reduction is large, so capital inflow subsidies are optimally used. (Bs + F X 1) is kept
at zero in both period-1 states, establishing that FX intervention is used solely to minimize external
premia and not otherwise to influence the exchange rate.

The dashed lines show the allocations if consumer macroprudential taxes are allowed but capital
controls are not. Consumer macroprudential taxes allow a lower ex ante policy rate, which reduces
the interest burden and relaxes the housing constraint so much that the ex post policy rate increases
substantially. As a result, for the specific parameterization in the simulation, there is no longer an
excessive depreciation in the period-1 state when the constraint binds. Instead, the depreciation
is insufficient relative to the level which optimally balances the import/export substitution margin
against housing sector support. Therefore, the planner accumulates FX, i.e., (Bs + FXI;) > 0 to
further depreciate the exchange rate. The more limited ex post support for the housing market means
that the ex ante housing macroprudential tax does actually rise above zero.

Having established that exchange rate depreciation is part of the optimal policy response to the
domestic housing constraint, we turn next to the possibility that it could adversely affect the external

FX debt constraint.

Proposition 4. If initial external FX debt By > 0, exchange rate depreciation in a period-1 state when
the housing constraint binds, i.e., Vr1 > 0, can make the external constraint bind in that state, i.e.,
WUp1 > 0. If so, the ex post exchange rate should be set to the level that balances the tightness of

domestic and external constraints. Prudential capital controls are optimal, while it may or may not be
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necessary to impose ex ante housing macroprudential taxes.

Depreciations pose no problems for countries with no initial unhedged external FX debt, i.e.,
By = 0, but they may cause external constraints to bind for countries with high initial unhedged
external FX debt, i.e., By > 0.

Figure 12 shows the allocations in a DCP economy with high initial FX debt, where the deprecia-
tion to loosen the housing constraint causes the external constraint to bind. In this case, the planner
finds it optimal to relax the banks’ external debt limit by limiting the depreciation in that state, even
at the expense of tightening the housing constraint. Ex post capital controls do not work in the
binding state. Ex post FX intervention should be used to absorb external premia but not otherwise to
defend the exchange rate: the planner sets (B2 + F'X 1) to zero. Once the banks’ debt limit binds,
the interest rate p; in the households’ Euler condition and the housing sector’s no-arbitrage condi-
tion becomes disconnected from the policy rate 71, so the latter can be used to manage the exchange
rate.

The limited room for manuever ex post enhances the case for ex ante policy actions. The planner
sets a low policy rate in period 0 to reduce the interest burden on inherited debt for the housing
sector before the shock hits, thereby mitigating the pecuniary production externality and the ex post
housing wedge, and sets positive ex ante capital controls to limit external FX debt, thereby mitigating
the pecuniary AD externality. Under PCP, the main results from DCP continue to hold, but the ex
ante capital controls are lower for the same reason as in subsection 3.2.

As our final experiment, we consider the possibility of the reverse: a transmission from external
to housing constraints.

Proposition 5. If initial housing subsector debt D@ > (0, an adverse shock to banks’ external

debt limits, i.e., to the value of k11, may cause domestic housing constraints to bind. Prudential capital
controls are higher under DCP than PCP, but ex ante housing macroprudential taxes may be lower under

DCP than PCP.
This time we begin with PCP and then proceed to DCP to highlight how the difference in exchange
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rate volatility under PCP and DCP that we identified in subsection 3.2 affects the transmission chan-
nel from the external to the domestic constraint.

Under PCP, the banks’ debt limit shock may indeed cause the domestic housing constraint to
bind. Figure 14 illustrates the mechanism. The binding external constraint is associated with a large
decrease in the policy rate ¢; and an exchange rate depreciation which tends to increase the domestic
currency value of rents and the land price. However, it is also associated with an increase in the
borrowing rate p; for domestic households and the housing sector, and a decrease in household
consumption. These factors tend to reduce rents and the land price. If the latter effects outweigh the
former ones, as they do in our simulations, the housing constraint may bind.

The planner relaxes the housing constraint by reducing the policy rate and allowing more de-
preciation in that state, even at the expense of tightening the banks’ external constraint. Ex post
capital controls do not work in the binding state. Ex post FX intervention should be used to ab-
sorb external premia but not otherwise to defend the exchange rate. The limited room for manuever
ex post enhances the case for ex ante policy actions, and the planner imposes an ex ante housing
macroprudential tax.

Under DCP, we know from subsection 3.2 that after the banks’ debt limit shock, the exchange
rate is more depreciated and yet the external constraint is also more relaxed. Figure 13 illustrates
that both of these factors alter the likelihood that the domestic housing constraint binds. The larger
depreciation means that there is a larger boost to the domestic currency value of rents and the land
price. The more relaxed external constraint means that the borrowing rate p; for domestic households
and the housing sector is lower under DCP than PCP, which also supports rents and the land price.

As aresult, it is less likely under DCP than PCP that the tightening of external constraints causes
the domestic housing constraint to bind. Moreover, even when the housing constraint does bind, it is
less severe. Therefore, while ex ante capital controls are larger under DCP than PCP, ex ante housing

macroprudential taxes may be lower under DCP than PCP.
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6 Conclusion

In this paper we built a model of a small open economy that features a range of real and nominal
frictions highlighted in the literature. We used this framework to characterize the optimal use of
monetary policy, capital controls, and FX intervention for several shocks as a function of frictions
such as the currency of trade invoicing, initial debt levels, the severity of currency mismatches and
borrowing constraints, and the depth of FX markets. We also showed preliminary results on the
effects of external financial shocks on the domestic housing market and the use of domestic macro-
prudential tools.

The joint consideration of policy instruments and externalities allows us to establish several re-
sults that are novel relative to the literature. Our framework helps determine whether policies which
have been highlighted in the literature as being useful to minimize specific externalities after certain
shocks can also be used to address other externalities. One result we have highlighted along this
dimension is that capital controls may be beneficial in complementing FX intervention to address
foreign appetite shocks to domestic currency debt.

We are also able to analyze whether policies which have been recommended to address specific
externalities in the literature may exacerbate other externalities when economies suffer from multiple
frictions. One result in that vein is that while higher exchange rate volatility under DCP than PCP
may help generate import substitution effects to compensate for the lack of export substitution, the
associated greater distortion of the exchange rate during crisis times causes higher prudential capital
controls under DCP than PCP. Another result in this spirit is that while bans on open FX positions
may be beneficial in reducing the vulnerability to debt limit shocks when FX markets are deep, they
may generate side-effects in terms of steady-state interest rates and vulnerability to foreign appetite
shocks when FX markets are shallow.

Finally, our integrated framework provides valuable guidance in real world policy making. The
breadth of our framework allows it to be useful for a wide range of small open economies, includ-

ing advanced economies and emerging markets. In addition, for complex phenomena such as the
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COVID-19 crisis that tend to have multiple underlying economic shocks—including to the world in-
terest rate, commodity prices, FX debt limits, and foreign appetite for domestic currency debt—our
framework can help pin down optimal monetary and financial policies for each underlying compo-
nent, while also pointing out whether policies to address salient shocks today may ameliorate or

exacerbate the vulnerabilities to other potential shocks in the future.
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Figure 4: 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 5: Debt Limit Shock under DCP with Deep FX Markets
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Figure 6: Foreign Risk Appetite Shock under DCP with MP and CC
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Figure 7: Foreign Risk Appetite Shock under DCP with MP, CC, and FXI
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Figure 8: Debt Limit Shock under DCP and Banning FX Exposures
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Figure 9: Foreign Risk Appetite Shock under DCP with MP, CC, and Banning FX Exposures
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Figure 11: Housing Debt Limit Shock under DCP with Housing Sector Frictions
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77



Figure 11: Housing Debt Limit Shock under DCP with Housing Sector Frictions cont.
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and housing sector frictions. Solid lines: capital controls; dashed lines: consumer debt taxes. The shock hits at date-1 and is
calibrated as xz; € [0.025, 10].
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Figure 12: Housing Constraint Spilling Over to Banks’ Constraint under DCP
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Notes: This figure plots the responses of key variables to a housing debt limit shock under DCP with shallow FX markets
and housing sector frictions. The shock hits at date-1 and is calibrated as k11 € [0.025, 10].
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Figure 12: Housing Constraint Spilling Over to Banks’ Constraint under DCP cont.
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Notes: This figure plots the responses of key variables to a productivity shock under DCP with shallow FX markets and and
housing sector frictions. The shock hits at date-1 and is calibrated as x,; € [0.025, 10].
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Figure 13: Banks’ Constraint Spilling Over to Housing Constraint under PCP
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Notes: This figure plots the responses of key variables to a bank debt limit shock under PCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as x g1 € [0.025, 10].
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Figure 13: Banks’ Constraint Spilling Over to Housing Constraint under PCP cont.
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Notes: This figure plots the responses of key variables to a bank debt limit shock under PCP with shallow FX markets and
and housing sector frictions. The shock hits at date-1 and is calibrated as kg1 € [0.025, 10].
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Figure 14: Banks’ Constraint Spilling Over to Housing Constraint under DCP
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Notes: This figure plots the responses of key variables to a bank debt limit shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as x g1 € [0.025, 10].
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Figure 14: Banks’ Constraint Spilling Over to Housing Constraint under DCP cont.
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Notes: This figure plots the responses of key variables to a bank debt limit shock under DCP with shallow FX markets and

and housing sector frictions. The shock hits at date-1 and is calibrated as kg1 € [0.025, 10].
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Table 1: Parameter Values

Parameter | Description Value

Deep FX | Shallow FX | Shallow FX + housing
ag Expenditure share of tradable goods 1/3 1/3 1/3
ap Expenditure share of imports 1/3 1/3 1/3
aR Expenditure share of housing services 1/3 1/3 1/3
6] Discount factor 0.8 0.8 0.8
w Elasticity of export demand 1 1 1
Py Dollar price of imports 1 1 1
C* World demand level 1 1 1
YNt Endowment of nontradable goods 1 1 1
A Endowment of commodities 1 1 1
Py, Initial dollar price of commodity exports 1 1 1
i Initial world interest rate 1/6-1 1/5-1 1/6-1
Ao Initial level of productivity 1 1 1
By Initial debt level [0, 0.6] [0, 0.6] [0, 0.6]
Bro Initial housing sector debt level NA NA 3.5
Ly Initial land NA NA 1
A Domestic share of intermediaries 1 0.8 0.8
r Balance sheet friction 0 1 1
Shocks Description Value
T Probability of good/bad shock 0.5 0.5 0.5
K Bank Debt limit [0.025,10] | [0.025, 10] [0.025, 10]
K1 Housing Sector Debt limit NA NA [0.025, 10]
S1 Foreign risk appetite NA [-0.5, 0.5] [-0.5, 0.5]
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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
here X (Ppo)? €2 Cro + ——Eo | — (PE,)2 C1Cp1 | + ——— g | — (PEy)? C5C
r = — —_— —
where 41 AO A IS Tl /P et el BN TS (1+2)A2 #2) Y2 F2
1 1 1
Xy = ProCi + ——— g [P3Cf] + ——E PG
2 FO~0 (1+18) 0[ F1 1] (1+ZS) 0|:(1+Z>{) F2 2:|
1 1 1
X3 =P} —~_E, [P} E P
3 FOCFO+(1+2'E§) ol F10F1]+(1+.*) O[(1+i’{) F20F2]
Xy = —Ey (ProCro)? + ———Fo | — By (PpyCr)?| + ———Fo |~ By (PiyClra)?
4T Ay OV RORE T ey RO Ay T P (T4idg) C (1 +ip) Ay 2 Y P20

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:

OPx _ Px
OPy Py

* \2 v x \2
OPx p 4 (Pro) Co X3 Py X, XaPpo — X32-Eo (Pig)” Cro

= +
I0Cro H Xs Xy X2 (‘X4)2
x \2 rx * * \2
=P A%’ (Fro)” Cs + Xibro - X3A%)EO (Fio)” Cro a single equation
o X X5 X, asmee e
aPX P (1+7,0) A1 (PF*‘I) Cik X3
=T e
8CF1 ! X2 X4
pPr )2
X X4(1+z )P X3(1+z AL =B (Pr1)” Crn
+ m P —
X2 (X4)
* \2 s * * )2
_.m g a7 (Pr1)” Cf +X4PF1—X3A%El (Pp1)” Cr
(1445 ™ X, X3X4 ’
one equation per period-1 state s;
1 1 % \2 v
OPx _ o e a; (Pr2)” O3 X5
aCFz A X2 X4
Pr)2
X, Xt Ve XSWA B2 (Pio)” Cr
+ m Py—
X2 (X4)?
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T (it 1+

one equation per period-1 state s1

™ = (Phy)? C3 | XaPhs X352 By (Pf,)* Cra
X X, X3 X, ’

X 2

dPx X, X; 1 ) a5 (PioCro)” .
9, HX2 (X4)2 A (ProCro) X X, , a single equation

oPx L X 11

OB, "X, (X4) (1+i7) Ay -~ Pt

T + (P5,Cr1)?
- — . PX bl
(1 + 18) X4

one equation per period-1 state s

aPX X1 X3 1 1

=— — (PiyCrs)?
OFs m X5 (X,)? (1+ig)(1+f;)A2( r2Cr2)
" 2
L T 4; (P5yCra)
(1T+ag)(1+d7) ¥ X, ’
one equation per period-1 state s .
A.2 FOCs for Constrained Efficient Allocations
The constrained efficient allocation under full commitment is:
EO |:Zﬁ Vv <CFt7 Ey P Ft7 E;DHFt LLGear):| if PCP
maX f P mear
{Cre, P Bemea FX I LE e} Eo [2/3 4 (Cm Pt P, LY >] if DCP,

with Px = Px (Cro,{Cr1},{Cr2}, Eo,{E1},{E2}, Pr)
subject to the following constraints:

(1+i*) By < Ppyg [wC§ — Cro) + P3oZo
4 Ppy wCT = Cpi] + Py 21 — (1 = N) FX 1o [m — (1 +145)]
AL+ + (1 —=N)m
Ppo [wC3 — Cpa] + PyyZy — (1 = A) FXIi [pp — (1 +47)] + B3
A +idg) + (X = A)m] AT +i7) + (1= A)ne] ’
one equation per period-1 state s; [®]

(1+4*1) Bo < Pio [wC; — Cro) + P3oZo
Ppy [wCF = Cp1] + P31 21 — (1 = A) FXIo [ — (1 +145)]
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one equation per period-1 state s; [V p]

(1+4*,)Bo+ FXIo— Sy \ _ B " . .
r ( P [wCs — Crol — PioZo ) = Eo [m — (1 4 45)], a single equation [€2]

(1+14*,) Bo . B )
T {P;O[WCSCFO]PEOZO AA+i) + (A= Nm]+FXL =S

—Ppy [WCT = Cpi] = Py 2y + (1= A) FX o [ — (1 +45)]

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

EnH = plyl asingle equation [A]
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_ PFlch1 QR 1 Linear
Léznear + G (1 o Léﬂ,near) ap

1 G/ 1— LLinear ) )
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R E1 *
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+ (Lginear _ LEilnear)

g LlLinear + G (1 _ Lfinear) oF

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

711 if capital controls are not permitted
QF . .
Xii1 = PE,Cry if consumer macroprudential controls
gE, { Zit1 op are not permitted
L Ee+1 Phy1 CFes1

where we define all the constraints in dollar terms, we use the superscript s to refer to the state of nature, and we
indicate the multipliers in capital Greek letters in square brackets after each constraint. We fix the dollar value
of initial debt repayments for the economy as a whole at (1 + i* ;) 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 = B in order
to normalize the debt path. We fix the dollar value of initial debt repayments for linear subsector housing firms
at (1 + z'*_l) Bkinear — _ (1 + i*_l) B§gneave and the dollar value of the final house price at ga, in order to
avoid the artefact depreciating away the value of domestic currency in all periods as a means of circumventing
this subsector’s borrowing constraint.

The above planner problem assumes that all instruments (i.e., the policy rate, capital controls, and FX inter-
vention) are available. For determinacy of the instruments, we need to assume that only one of capital controls
and consumer macroprudential taxes 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—p) (1 +i) =M1 Erl
t
E E
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1-— PL C . n2 .
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G/(l_LLinear)
1 1 aR px T
X2 (Lfinear_,’_G(l_Lfinear) PF2CF2 + q2 lft ]-
\ 72 ift =2,

If FX intervention is not permitted, then we need to set:
FXIy=FXI, =0,
and remove the FOCs with respect to F' X ;.

If both capital controls and consumer macroprudential controls are not permitted, then the household Euler
conditions need to be added as constraints:

afp H H 1 ap . .
————— =8E E [* ] , a single equation [T
PioCro 1 o E1 Pr Cpi gle eq [To]
aF
" > " =0 " , one equation per period-1 state s; |1
Py Cpy 5”2PF20 ra O Pcm ra o AHONPEEP 1 [T]

If mortgage MPMs are set to zero, i.e., O, = 0, then we need to add the following period-0 constraint:
Ly = 1, a single equation [A]

If capital controls are not permitted and the domestic policy rate cannot be used, then the additional constraints
are:

1
Efn = BEO’ a single equation [Z]

— F, one equation per period-1 state s; [=;]

8

If consumer macroprudential controls are not permitted and the domestic policy rate cannot be used, then the
additional constraints are:

Mo By =

E
ar _Eo[ b ar
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ProCro | B P;acm] gle equation [

ap B oap
PrCri By PrCro’
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Finally, if the exchange rate regime is a peg, the four additional constraints are:

{ gg - gé } , one equation per state s; in each of periods 1 and 2 [II] and I13]
= L2

The FOCs for the constrained efficient allocation are:
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1
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1

where ©; > 0 and ZZ:O FXI, > 0 with complementary slackness, and the FOCs with respect to Py are
redundant, so we normalize Py = 1. We define:

Li=A1+3)+ (1= X)ne
D ok * * *
-D >k *
By = 22 = Bilg — (Piy [WCf = Cr] = (1= X) FXIo [ — (1+43)] + P5, Z1)

D -k *
By =2 = Byly — (Pjiy [wC5 — Cpa] — (1= X) FXTy [n2 — (1+4})] + Pyy22)
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We define the following derivatives for the case when capital controls are not permitted:
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= = p— = = = = = 0
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- - )
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and the following derivatives for the case when consumer macroprudential controls are not permitted:
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8&? 1 [_G// (1 _ L%mear)} el (1 _ LlLinear) [1 el (1 _ Lfinear)} R,
oLy " X2 LLinear + G (1 — LLmear) N Linear Linear 2 ?PFQC}Q
1 X2 1 1 [LE +G(1- L1 )] 3
0Pro __ aRr Pro 9Pr1 ar Py 9Pr1 _QJP;ilCFl[l—G’(l_Lgi”e”)]
0Cro ~ ap LE'ilnear+G<1_L£ilnear> 0Cr1 ~ ar Lézinear_;’_G(l_Lé,inear) OLg — ap [Lé/i7L€a’l‘+G(17Léﬂjnea7\)]2

A.3 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, FX intervention, and macroprudential con-
trols) are available to the planner, then use all the FOCs above but set Tg = T1 = Eg = &1 = Xy =
21 == 0

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

« If capital controls and consumer macroprudential controls are not permitted, then use all the FOCs above

butset Ag =g =21 =Yg=%1 =1I; =11, = 0.

« If housing sector macroprudential controls are not permitted, then use all the FOCs above but set Ty =
leEozzlzz():Zl:Hl:Hg:O.

« If capital controls and the domestic policy rate are not permitted, then use all the FOCs above but set
Yo=22 =11 =1, =0.

« If consumer macroprudential controls and the domestic policy rate are not permitted, then use all the
FOCs above but set =g = =1 = II; =11, = 0.

(1]

« If the exchange rate is pegged, then use all the FOCs above but set Ag ==y =ZE; = X9 = X1 =0.

Next, we characterize the solution numerically by running the following iterative process to convergence.

1. Fix guess on whether the banks’ external borrowing constraint (20) is slack or binding in every period-1
state. For states where the constraint is slack, fix ¥5 = 0 and remove the borrowing constraint. For
states where the constraint is binding, set the borrowing constraint to be satisfied with equality and allow
U5 # 0. Run the following iterative process to convergence.

« Fix guess on whether the housing sector borrowing constraint (21) 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 ¥ i # 0. Run the following iterative process to convergence.

« Verify that the housing sector 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.

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

slack; otherwise, change the guess. Verify that g > 0 for states where the constraint was guessed to be
binding; otherwise, change the guess.
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A.4 Ban on FX Positions

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

problem changes:
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m m

5

one equation per period-1 state s; [Up]
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—P} [wCy —Cp1| — Py Z1+ FX1og[m — (1 +143)]

=1 — (1 +4]), one equation per period-1 state s; [{2]

Efnt = Elnl, asingle equation [A]

*
QR ‘PFOC'F0 Linear]

0> Bégﬂear’s = Xf (1 + 1 1) Bmear - aLez‘lnear + G (1 o Léilnear) -1

G/ 1 LLinea'r E
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+ Linear
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+EO |:X? Ef <L1Linear+G(1Lfinear) EPFQCFQ + q2

*
PFICFl QR ; Linear

_ L([),inear e (1 _ LOLineaT) aF

1 G/ (1 — L%iﬂeaﬂ“) OR 1« ~ Linear Linear
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one equation per period-1 state s; [V g]

175 1 if capital controls are not permitted
Xii1 = T@n if household macroprud_ential controls
B]Et{ Pl op } are not permitted
t+1 Py 1CFe41

where we define all the constraints in dollar terms, we use the superscript s to refer to the state of nature, we
fix the dollar value of initial debt repayments at (1 + z'*_l) By, and we set B3 = By.
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