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Abstract

In the Mundell-Fleming framework, standard monetary policy and exchange rate flexibility
fully insulate economies from shocks. However, that framework abstracts from many real
world imperfections, and countries often resort to unconventional policies to cope with
shocks, such as COVID-19. This paper develops a model of optimal monetary policy, capital
controls, foreign exchange intervention, and macroprudential policy. It incorporates many
shocks and allows countries to differ across the currency of trade invoicing, degree of
currency mismatches, tightness of external and domestic borrowing constraints, and depth of
foreign exchange markets. The analysis maps these shocks and country characteristics to
optimal policies, and yields several principles. If an additional instrument becomes available,
it should not necessarily be deployed because it may not be the right tool to address the
imperfection at hand. The use of a new instrument can lead to more or less use of others as
instruments interact in non-trivial ways.

JEL Classification Numbers: F31, F32, F38, F41

Keywords: exchange rate flexibility, monetary policy, capital controls, foreign exchange
intervention, macroprudential regulation

Authors’ Email: sbasu2@imf.org, eboz@imf.org, geopinath@imf.org, froch@imf.org,
dunsal@imf.org

IThis paper was prepared as background for the Integrated Policy Framework (IPF) at the IMF. Thanks to
Tobias Adrian, Tam Bayoumi, Javier Bianchi, Marcos Chamon, Mitali Das, Chris Erceg, Emmanuel Farhi,
Olivier Jeanne, Sebnem Kalemli-Ozcan, Jesper Linde, Matteo Maggiori, Enrique Mendoza, Pau Rabanal,
Ludwig Straub, and the broader IPF team at the IMF for their comments, in particular to David Lipton for
launching the work on the IPF and Giovanni Dell’ Ariccia for insightful discussions.


mailto:sbasu2@imf.org
mailto:eboz@imf.org
mailto:ggopinath@imf.org
mailto:froch@imf.org
mailto:dunsal@imf.org

1 Introduction

The Mundell-Fleming model remains the workhorse framework for the analysis of small open economies
in the policy space. In that model, flexible exchange rates are optimal, and can deliver full employ-
ment together with low inflation after domestic and external shocks. This is partly because of a pow-
erful expenditure-switching channel that operates both on the import side and on the export side.
However, the world is more complex than modeled in the Mundell-Fleming framework: the rigidity
of prices can take different forms, and international and domestic financial imperfections are preva-
lent. Such complexities can make monetary policymaking more involved than setting a policy rate
and allowing the exchange rate to flexibly adjust. This paper provides an analytical framework to
guide policymakers on the joint configuration of monetary policy, capital controls, foreign exchange
(FX) intervention, and macroprudential policy.

Our work is motivated by two observations. First, the empirical evidence is inconsistent with
some of the assumptions underlying the Mundell-Fleming framework regarding both trade and fi-
nance. Many emerging markets have dollar invoicing shares above 80 percent. This empirical fact
implies that we need to consider a dominant currency pricing paradigm where export prices are
sticky in a dominant currency, which is most often the dollar and in some cases the euro. Simi-
larly, on the financial side, a vast literature establishes an array of imperfections in international and
domestic capital markets. Foreign currency borrowing is prevalent, and generates a link between
the exchange rate and the macroeconomy through currency mismatches and external borrowing
constraints. Financial intermediaries operating in foreign exchange markets generally have limited
appetite for taking on emerging markets’ currency exposure and hence, the uncovered interest parity
condition breaks down. Those countries which intervene heavily in foreign exchange markets during
depreciation episodes tend to be the countries where balance sheet concerns prevail, and where fi-
nancial markets are not deep enough to provide hedging opportunities. In addition, imperfections in
domestic financial markets, particularly in the housing sector, are well-established for both emerging

and advanced markets.



The second observation is that many small open economies adopt more eclectic approaches than
standard interest rate setting and floating exchange rates to cope with shocks. For example, during
the ongoing COVID-19 epidemic, many emerging markets faced capital outflow pressures and used
multiple tools to achieve macroeconomic stabilization, with some variation across countries. While
most countries lowered policy rates and eased macroprudential regulation, some complemented it
with sales of foreign exchange reserves to lean against the depreciation. At the same time, a few
countries relaxed their restrictions on capital inflows. Given their frequent and often heterogeneous
use, one of the objectives of this paper is to better understand these alternative tools: what they
do, how they interact, the trade-offs involved, and the characterization of policy counterfactuals. In
other words, this paper aims to establish under what conditions the standard prescription of flexible
exchange rates still holds, and when it may instead be optimal to rely on other tools. Doing so
requires going beyond the Mundell-Fleming framework.

The novelty of our analysis is that we develop an integrated model that jointly considers the role
of monetary policy, capital controls, foreign exchange intervention, and macroprudential regulation
in small open economies.! We characterize the use of these policy instruments as a function of shocks
and both real and nominal frictions. The diagram in figure 1 visually outlines this agenda. The top
left box in the diagram lists the real and financial shocks that our model incorporates. In the top right
box are the country characteristics that our model aims to capture. The objective of our analysis is
then to map the combinations of shocks and country characteristics to the optimal policy mix, listed
in the box at the bottom of the diagram.

To achieve these objectives, we develop a model of a small open economy with three sectors: the
tradable differentiated goods sector, the commodity sector, and the nontradable housing sector. The
tradable differentiated good is produced by firms with pricing power, and its price may be sticky

according to either the producer currency pricing (PCP) or the dominant currency pricing (DCP)

'We do not consider optimal fiscal policy, i.e., we assume that fiscal policy is generally not flexible enough to respond
to shocks within the horizon considered. That said, fiscal policy and public debt levels can influence the initial conditions
and can make certain shocks more likely.



Figure 1: Modeling Agenda
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paradigms. The country is a price taker in commodity markets and can face shocks to the price of
commodities. Housing services are produced by firms using land as the input into production, and
rental prices are set flexibly.

Figure 2 displays the financial structure of our model. Domestic banks borrow from global
financial intermediaries and lend to the domestic households and the housing sector firms. An
occasionally-binding borrowing constraint limits the banks’ borrowing from the financial interme-
diaries to a fraction of the domestic price of the differentiated tradable good. Another occasionally-
binding borrowing constraint requires the housing sector firms to post a fraction of the value of
their land holdings as collateral. These constraints are not binding in normal times, but they become
binding after sufficiently large adverse shocks. Financial intermediaries borrow in foreign currency
on the world market and satisfy the domestic banks’ domestic currency borrowing needs. The inter-
mediaries are partly foreign and partly owned by domestic agents: this domestic ownership is the
source of the economy’s currency mismatch. The extreme case where the financial intermediaries

are owned entirely domestically corresponds to the highest degree of currency mismatch. The other



Figure 2: Structure of the Financial Market
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extreme with no domestic ownership of the intermediaries is the same as the country borrowing only
in its own currency. 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 shallow FX markets.

With these ingredients in hand, we consider optimal policies under full commitment that aim to

address the following externalities.

« Households do not internalize the impact of their consumption decisions on aggregate demand,
a problem which arises from our assumption of sticky prices for the tradable differentiated
good and paves the way to the well-known Keynesian aggregate demand externality. This is

typically the key friction in models of monetary policy.

+ As is standard in open economy models of monetary policy, our assumption of firms having
pricing power and facing a downward-sloping export demand schedule gives rise to a terms of
trade externality, where individual firms do not take into account that their production deci-
sions impact the position of the aggregate economy on the export demand schedule. In other

words, firms tend to produce too much and set prices too low, and do not exploit their pricing



power to benefit the aggregate economy. 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, and in some cases we set parameterizations that neutralize it.

« Banks’ borrowing constraints combined with the economy’s FX exposure through the ownership
of financial intermediaries generate a pecuniary aggregate demand externality, as households
and banks do not internalize the effects of their individual actions on aggregate demand, the
exchange rate, and on the tightness of the constraint ex post. This externality leads to overbor-
rowing and overly appreciated exchange rates ex ante, and to too little borrowing and overly

depreciated exchange rates ex post after adverse shocks that make the constraint bind.

« Housing sector firms’ borrowing constraints lead to a pecuniary production externality, since
these firms do not internalize the effects of their borrowing and production decisions on land
prices. After adverse shocks, their production and demand for land may be too low, leading
to depressed land prices, further exacerbating the initial shock and tightening their borrowing

constraint.

« What we call a financial terms of trade externality arises when FX markets are shallow, because
households and banks do not take into account that their borrowing decisions impact the ex-

ternal premium that the economy as a whole needs to pay to the financial intermediaries.

Our model incorporates several roles for monetary policy and exchange rate flexibility, capi-
tal controls, FX intervention, and macroprudential regulation. Monetary policy, working through
changes in the policy rate, affects the interest rate faced by domestic agents when they make con-
sumption, 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 more expensive relative to home-produced goods. Households therefore switch away



from consuming imports towards consuming home goods. Under PCP, expenditure switching is also
operational through exports: an exchange rate depreciation boosts demand by making exports more
competitive. Under DCP, exchange rate adjustment becomes a weaker tool: while it continues to
affect import consumption, it no longer affects the competitiveness of exports on world markets, as
dollar prices remain unchanged.

Following the vast literature on emerging market capital flows and sudden stops, we model cap-
ital controls in the form of state contingent taxes on capital inflows, as depicted in figure 2.* Pru-
dential capital controls work to prevent overborrowing by curbing debt and consumption ex ante,
and shift aggregate demand from normal times to distressed periods. This is desirable under several
conditions.® First, as shown extensively in the literature, curbing debt ex ante reduces the risk of
sudden stops where a depreciation can make the banks’ borrowing constraint bind by worsening
the country’s balance sheet through currency mismatches. When FX markets are shallow, another
reason to curb debt through capital controls arises because doing so reduces the losses incurred due
to the inefficiency in the intermediation of debt. This use of capital controls can happen ex ante
(prudential) or ex post. On the downside, capital controls can distort capital flows relative to the
efficient benchmark, which may generate welfare losses since those flows can be beneficial for the
recipient countries. It is also important to note that prudential capital controls need to be raised
counter-cyclically during booms in external debt and reduced during busts.

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 domestic
agents that can differ across households and the housing sector. As we discuss in more detail later,

macroprudential consumer taxes can sometimes work as substitutes for prudential capital controls

Quantity restrictions instead of taxes would have identical implications. In addition, taxes or subsidies on capital
outflows, instead of inflows, would work similarly, in the absence of any further costs associated with regulating outflows.

3In the IMF’s taxonomy, capital controls are called capital flow management measures (CFMs). This taxonomy also
allows for a category called CFM/MPMs, which are macroprudential policies (MPMs) that discriminate between residents
and nonresidents or are designed to limit capital flows for financial stability reasons. Since prudential capital controls in
our framework mainly curb overborrowing in an ex ante manner to prevent sudden stops or fire sales in housing markets,
they correspond most closely to CFM/MPMs. Capital controls used ex post in our model map most closely to CFMs.



in the absence of housing sector frictions as they affect external debt through affecting households’
demand for domestic debt from the banks. In other cases, macroprudential consumer taxes and pru-
dential capital controls are complements. Macroprudential housing taxes are an important tool for
reducing the risk of fire sales in housing markets.

Sterilized FX intervention circumvents the inefficiency of financial intermediaries in countries
with shallow FX markets. It achieves this objective by changing the quantity of external debt that
needs to be absorbed by the financial intermediaries and therefore the associated premium. After
an adverse shock to the foreign appetite for domestic currency debt, FX sales reduce the need for
the policy rate to be increased, and in that sense can enhance monetary autonomy. Alleviating the
pressure for the policy rate to increase also prevents a decline in land prices, and thereby avoids the
shock spilling over to the housing sector. However, reserve accumulation involves buying low-return
foreign currency bonds and selling high-return domestic currency bonds, which incurs a carry cost.

After having discussed the role of each policy tool individually, we next lay out further insights
on their joint use. Integrating a range of monetary and financial policies as well as externalities
enables us to derive novel results relative to the literature, which typically bundles a single policy
along with a single friction. We study the effects of policy tools on frictions beyond their typical
bundling, and the interaction of tools and frictions with each other. This way, we develop a more
comprehensive understanding of the implications of each tool, used in isolation or jointly with other
tools, in a framework with several externalities.

For a class of shock and country characteristic combinations, we find the Mundell-Fleming pre-
scription of fully flexible exchange rates to be optimal. While pricing in the dominant currency
reduces the benefits of exchange rate flexibility and generally features under- or over-exporting, we
find flexible exchange rates to be optimal in absence of other frictions. In the case of deep FX markets
without borrowing constraints, i.e., without any financial frictions, policies such as capital controls
do not improve efficiency beyond the terms of trade externality. The reason is that capital controls do

not address the stickiness of export prices in the dominant currency. At the same time, under most



shocks, the DCP economy is characterized by more volatile exchange rates than the PCP economy:
under DCP, achieving benefits from exchange rate flexibility comparable to PCP requires larger ex-
change rate movements. Therefore, in the absence of financial frictions, the DCP economy stabilizes
aggregate demand through larger exchange rate movements.

When future shocks can lead to a binding borrowing constraint for the banks, the pecuniary
aggregate demand externality creates a role for prudential capital controls in normal times, with
both the incidence and intensity of their use depending on the pricing paradigm. Adverse shocks
to commodity prices or to banks’ debt limits can make external constraints bind ex post and lead
to overborrowing ex ante. Such shocks alter the trade-offs for monetary policy: depreciating the
exchange rate after an adverse shock becomes costlier as a depreciation would further tighten the
constraint. Thus, monetary policy weighs the macro benefits of depreciation against the financial
costs. The consideration of relaxing the borrowing constraint leads to a more appreciated exchange
rate relative to the case without such considerations, which means that aggregate demand is de-
pressed ex post relative to the level that stabilizes price pressures. Prudential capital controls are
needed to shift demand intertemporally from normal times to the period of distress, by curbing de-
mand before the shock and stimulating it afterwards. For economies vulnerable to commodity price
shocks, a wider set of unhedged external debt levels can justify prudential capital controls under
DCP than PCP; and for economies vulnerable to commodity price or debt limit shocks, prudential
capital controls are larger under DCP than PCP.

Capital controls and macroprudential regulations on consumers are substitutes under some con-
ditions, but generally, they are both needed. Domestic macroprudential taxes on consumer debt
are perfect substitutes for capital controls when macroprudential taxes cover the entire economy.
As displayed in figure 2, since all external flows are channeled through domestic banks, taxing do-
mestic banks’ borrowing at the border is isomorphic to taxing the domestic debt of every domes-

tic agent.* But this result no longer holds when some domestic agents can borrow directly from

*Given our modeling of domestic banks, these two cases are the same in terms of the banks’ balance sheets. This may
not be the case with a richer modeling of domestic banks.
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abroad. If these agents with direct access to borrowing from abroad are outside the macropruden-
tial perimeter, macroprudential taxes become an imperfect substitute for capital controls. If, instead,
these agents are subject to macroprudential taxes but can circumvent them, then capital controls and
macroprudential taxes need to be deployed together and move in tandem, because otherwise, these
agents would borrow either entirely domestically or entirely externally depending on which taxes
are smaller.

One way to reduce the banks’ vulnerability to debt limit shocks is to ban FX exposures, but this
policy can make FX markets shallower. Since the country’s FX exposure is due to the ownership
of the intermediaries, it seems sensible to ban open FX positions for those intermediaries which
are domestically owned and let domestic currency debt be absorbed entirely by foreign-owned in-
termediaries. Such bans on FX exposures are optimal under deep markets because they address
the pecuniary aggregate demand externality and eliminate the need for prudential capital controls.
However, under shallow FX markets, the ban leads to fewer investors willing to finance external
debt and makes FX markets even shallower. As a result, it increases the vulnerability to foreign ap-
petite shocks, i.e., shocks to the foreigners’ willingness to hold domestic currency debt. In turn, it
may make the economy more dependent on FX intervention, by increasing the marginal value of FX
intervention.

Under shallow FX markets, FX intervention and capital controls improve monetary autonomy
after foreign appetite shocks. After a decline in foreigners’ willingness to hold domestic currency
debt, the country needs to offer higher external premia to foreigners to finance its debt. 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 cannot balance domestic
price pressures and also target premia. Instead, households excessively deleverage their debt. FX
sales can cushion the adverse shock, allowing the policy rate and domestic macro outcomes to change

less. Capital inflow subsidies (or reductions in inflow taxes) also allow the policy rate to respond less
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while containing the aggregate demand externality.” Finally, if FX intervention and capital controls
(or consumer macroprudential taxes if they can substitute for capital controls) are used together,
monetary policy rate is more detached from the shock and monetary autonomy further enhanced
than when the policies are used one at a time.

When we add frictions in the housing sector, we find that foreign appetite shocks can lead the
housing sector constraint to bind and thus require macroprudential housing taxes to be used ex
ante. As explained above, in the face of adverse foreign appetite shocks, capital controls and FX
intervention improve monetary autonomy by reducing the need for the policy rate to be increased.
If capital controls are not available, consumer macroprudential taxes can be used. But in that case,
at the time of the adverse shock, a cut in consumer macroprudential taxes needs to be accompanied
with an increase in the policy rate. This is because in absence of capital controls, the policy rate
is tightly connected to the external premia and a higher policy rate is necessary to offer a higher
premium for foreigners. At the same time, a higher policy rate causes a decline in land prices and
can make the housing constraint bind. As a result, foreign appetite shocks can make the domestic
housing market constraints bind.® A direct implication of this result is that macroprudential housing
taxes may be needed in anticipation of not just domestic but also external shocks. Given the tension
between external and internal stabilization, it becomes optimal for the policy rate to be increased by
less than would be necessary to fully stabilize the premium and the exchange rate.

In the presence of housing frictions, a new role for exchange rate flexibility arises after some kinds
of shocks. The existing 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)

*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 financial intermediaries need to absorb, decreasing the
necessary external premia. Capital controls detach the external premia from the policy rate, so that a loosening of controls
can provide higher returns to foreigners without a change in the policy rate.

®This scenario with foreign appetite shocks in countries with shallow FX markets and housing frictions provides another
example of a case where capital controls and consumer macroprudential taxes are not substitutes. Specifically, capital
controls effectively detach the domestic economy, including the policy rate and the housing market, from foreign appetite
shocks. If macroprudential consumer debt taxes are used instead, the required interest rate increase to generate larger
external premia can cause housing constraints to bind, leading to a fundamental difference between capital controls and
macroprudential consumer debt taxes.
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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 expenditure 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 housing 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 extent 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 crisis 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
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to help relax the constraint, which is in domestic currency. But when the banks’ borrowing constraint
is also relevant, the depreciation lowers their debt limit in FX terms and tightens their constraint. In
this scenario, interest rates and capital controls should be used ex ante to reduce the interest burden
on inherited housing sector debt and to limit external FX debt, and ex post, it becomes optimal for
the exchange rate not to depreciate by as much as it would in the absence of the banks’ borrowing
constraint.

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.

How FX intervention is used when both constraints bind depends on whether all or part of the
economy is subject to a sudden stop. The more standard use of FX intervention to affect the exchange
rate by distorting premia in shallow FX markets does not help when the borrowing constraint binds
for all banks. In fact, we find that in those cases, the only role for ex post FX intervention is to
absorb external premia. The reason is that once the external constraint binds, the policy rate becomes
available to manage the exchange rate costlessly, as it can no longer affect the domestic agents’
decisions. But if only some domestic banks are subject to a sudden stop, there may be a case for FX
intervention to manage the exchange rate ex post. In such cases, the policy rate should be reduced
to relax the domestic housing constraint, but on its own, it has an unfortunate side-effect of causing

a depreciation which tightens the external constraint. FX sales can then help limit the depreciation,
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improving the trade-off between relaxing the housing constraint and the external constraint.

Our results make a strong case for the integration of monetary and financial policies, and support
the following broad principles. First, policy instruments are not created equal: they operate through
different margins. If an additional tool becomes available, it does not mean one should use it because
it just may not be the right tool. A good example is the case of under- or over-exporting and employ-
ment destabilization under DCP where capital controls are not useful. Second, instruments generally
affect multiple imperfections, so the use of an existing policy may be reduced or increased after a
new tool becomes available, that is, tools may be substitutes or complements. This is well exempli-
fied by the ambiguous effects of prudential capital controls on the use of monetary policy under deep
FX markets. Third, there is no strict assignment of domestic policies (policy rate and macropruden-
tial debt taxes) to domestic shocks and domestic frictions or external policies (capital controls and
FX intervention) to external shocks and external frictions. An example of this case arises when the
housing sector firms face domestic currency borrowing constraints, yet optimal policies involve not
just domestic instruments but also capital controls and FX intervention, regardless of whether the
underlying source of shocks is domestic or external.

The rest of this paper proceeds as follows. First, section 2 provides a review of the literature we
build on in this paper. Next, section 3 lays out the model environment. The subsequent sections
present our findings by gradually turning on additional frictions. Section 4 describes the results
derived from the smallest version of our model, with sticky prices and banks’ borrowing constraints
under different shocks and pricing paradigms. Section 5 allows for shallow FX markets and lays out
our findings for that case. Section 6 zooms in on our results for the case that also feature frictions in

the housing sector. Finally, section 7 concludes.

2 Related Literature

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. (2020) on the dominant currency paradigm.
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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 we 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 but differently from us, they use a setup without pecuniary externalities or shallow FX
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), Jeanne and Korinek (2010), Bianchi (2011) and Benigno et al. (2012). We build
on these papers by considering alternative pricing paradigms as well as additional financial frictions
and policy tools.

Third, our paper borrows elements from the literature on exchange rate determination and FX
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 degree of 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, whereby 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 how different shocks might cause the constraint

to bind. Our work is related to Korinek and Sandri (2016) who also aim to capture the differences
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between capital controls and macroprudential tools using distinct sources of pecuniary externalities.
Differently from them, we build a unified model nesting rationales for capital controls and macro-
prudential policies, while maintaining a representative household setup and allowing for general
equilibrium interactions across sectors and policies. Our work on the interaction between domestic
and external constraints is related to the theoretical work of Caballero and Krishnamurthy (2001)
and empirical findings of Kaminsky and Reinhart (1999). Differently from them, we focus on a setup

with sticky prices, different forms of constraints, and more policies.

3 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
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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

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

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
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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

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) = OzHIOgCHt —+ aplongt + (1 —ayg — aF) logC’Rt — N

Their maximization is subject to a budget constraint:

WiNy + py + gt + \pn + Trxn — Tar + Tre + EvPy Zi + Dirpes

> PuyiCr + EtPpCrr + PriCre + (14 0ppe—1) (1 + pr—1) Dame. (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, E} 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, CF; is the consumption of imports, Pr; and Cg; are the rental price and consumption of
nontradable housing services, Dyrpy1 is the domestic currency debt at the end of period ¢, O 74 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.
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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, \ 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, Tz, 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.

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

ag _ ap _ aR _ i (2)
CutPar  EPLCrie CriPre Wi
E, P
= Cry = a—HpRtCFt where pr; = —LFt
afp PRt

« E. P
and Oy = _HthCFt where pry = M?
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 EO ap ap El ap
Y B+ 0um0) (14 po)Bo | 2—2E | and —2E  — 81+ 0m) (1 4+ p1) L_2E__
PrCro B( wro) (1 + po) Eo [El P;10F1] P O B ( 1) (14 p1) B PruCro
(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, V; (7). The varieties may be consumed domestically, Y (j), or

"This 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.
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exported, Yy (7):
Yre () = Yae (4) + Yxe (7) = AeNe (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 ) e/(e—1)
Vi = ( / Y ()€Y dj) .
0

The corresponding domestic demand curve is:

Yias (j) = (PH—‘”) Yire.

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

good:

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

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

: Px (5)\
Yx+ (]) = Px Yxt and Yx; = wpxy,

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 Px (j) and Px and the algebraic definition of 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 definitions under PCP and DCP:

* *
PCP _ Ly Pry and pDCP _ Pry
Xt PH Xt PX
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Profit maximization for firms under PCP is given by:

max 7 (7) = Mg () + Hxe ()

= max Eq ZAt (Pr (§) Yae () + Yxe (5)) — (1 + ¢) Wi Ny (])]]

Ay Py

— ZA [PH (G) - (1+0) K] (Vire + Vi) (PH U >)] ,

where ¢ is a constant labor tax applied on all home production of tradable goods. We assume that

firms have perfect access to dollar debt markets, so we set their discount factors as follows: Ay = 1,
_ 1 K _ 1 Ey 8 : :

A = a4 Br and Ay = ) (15%) By The FOC of the above expression produces an equation 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 lZAt‘X_: (Y + YXt)]
t=0

Py =Py (j) = (14 ¢) ()

e—1 2
Eo [ XAt (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 Py.

Profit maximization for firms under DCP follows:

max Ip; () = gy (j) + Mxe (4)

where
1

S, {PH () - (1+0) %} Vit (P%J)) _1

t=0

8This 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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x: (j) = Eo

é;m[ano%—u+¢ﬂ%]xm<P;gU_1,

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

2
Eo lz At%YHt:|
c P

2
E{zm%HJ
t=0

Py = Py (j) = (1 + ¢) =

= Px () = (1+9)

e—1 2 X c—1 2
Eo lZAtYHtl Eo lZAtEtYth
t=0 t=0

2 2
Eo lZAt%YXt] Eo [ZAtYHt]

= PX = t:20 5
Eq lZAtEtYXt] Eo [ At%YHt]
t=0 t=0
= Px (Pu,Cro,{Cr1},{Cr2}, Eo,{E1} . {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 algebraic expression for Py is pro-

vided in Appendix 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, LY, in period ¢ in order to produce housing services, Y2, 1
in period ¢t + 1:
L¥ for k = Linear

YI—%—H =
G (L) for k = Concave
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where G’ > 0, G” < 0, and G’ (0) = 1. They maximize expected profits given by:
Eili i1 = B [PristYagen + qen Lg] — (14 605,) (1+p0) ae 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.

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%t+1 = (1 + 9%1571) (14 pe-1) D;C%t + Qth - [PRtYJI%Ct + thffl] - T]I\€4Pt + Tll-qzt-

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 the land purchased in the previous
period, the fourth term, T]’f/‘, p¢» is @ lump-sum transfer to each subsector,’ and the final term, T}fzt, 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:
D}[égnear < HqulLlenear7

where K, 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

We 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 parallel with the literature studying capital controls and macroprudential taxes in representative agent models.

10We assume that the current price of land enters the constraint, rather than its future price as in Kiyotaki and Moore
(1997). This assumption accounts for the finite horizon in our model instead of the infinite horizon in theirs, sacrificing
some of the amplification and persistence from shocks in their model while preserving the pecuniary externality we wish
to highlight.
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optimality conditions are:

Eo [Pr1 + ¢1] Pro+ @2 =q if DR < kg L7
1 QLinear 1 =4 and 1 eLinear 1 . .
( + RO ) ( + ,0()) ( + Rl ) ( + pl) Z ¢ if Dllégnear _ KleqlL%znear
(7)
The concave subsector does not face a borrowing constraint. It satisfies the FOCs:
Q! (Lg’oncave) EO [PRl] T EO [Q1] el (Llc’onccwe) PR2 + ¢
Concave =4 and Concave = ¢ (8)
(1+ 055" ) (1 + po) (1+ 057" ) (1+p1)
Market clearing in the land market requires:
LLinear + LConcave -1 (9)
t t =L
Market clearing in the market for nontradable housing services requires:
C _ YLinear + YC’oncave (10)
Rt — T Rt+1 Rt+1 :

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

same subsector via a lump-sum transfer:
k k k
Trrpe = Ore—1 (1 + pt) Dy (11)

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

Linear

taxes are allowed on the linear subsector, i.e., 0%; € 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:

Li c
Diy1 = D + D/i7" + DR/
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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 external borrowing constraint between periods 1 and 2:
Dy < kg1 P (12)

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 for-
mulation aligns our model with the 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; = 4;. 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 — nt—T
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):'?

I g1 N .
max—————,; [(1 — 141 —(1+12

Tn 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.

12We 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 I' = 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 (22), 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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1 g By - 1 1 <Qt+1>2
— 1— 141 —(1+2 > —T ,
(1 i Z;fk) Et t ( QDt) ( t) Et+1 ( t) - (1 i Z:) Et

where Iy > 0 captures the severity of the balance sheet friction, and ¢; is the capital inflow tax

subject to

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
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:

t . Et %
QE—:l — %Et |:(1 — (pt) (1 + Zt) — (1 + 2 )] .

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

: o B
t

We assume that there is a separate group of non-optimizing foreign intermediaries who have

exogenous and stochastic demands for domestic currency debt. Their exogenous debt holdings are

Ly41 in domestic currency bonds, amounting to S; = LEI 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; = —0;3—:1 in dollar bonds. The realized profit for the planner from this transaction

is:

Trxrie1 = Oppr |(144) — (1 +47) (13)

Market clearing in the domestic currency debt market requires:

Qt+1 = Diy1 — Orp1 — Liga,
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which produces the “Gamma equations” that relate expected excess premia to capital inflows:
D, »
r F-'—FXIO—SQ :EO [7’]1 —<1+ZO>] (14)
0

D
F<?2+FX11—51>:7]2—<1+Z‘>{), (15)
1
where we define the gross return on domestic assets in dollar terms:

E;
Eiq

Nt+1 = (1 — gﬁt) (1 + Zt) > O

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:”

TIfI E{“ H _H L L
- =g = Ei'n =Eny. (16)
Ui Ej

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

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

Tetr1 + OWit1Nepa + o1 (1 +41) (Qeer + Let1) + 0mme (L + pt) D1 = 0. (17)

Competitive equilibrium

Definition A competitive equilibrium for this economy is a set of quantities {Cry, Crt, Cre, Ni,
Lthear, LtC’onca,ve7 Yar, Yy, YRLtmeaT? I%cmcave}fzo and prices {PH, Px, {Pt}};o AW, Ey, Pry, 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 de-
cisions (7) and (8), the land and housing services market clearing conditions (9) and (10), the
banks’ borrowing constraint (12), the domestic currency bond market clearing conditions (14)-

(15), the contingency constraint for gross external returns (16), and the lump sum transfer

28



constraints (11), (13), and (17), taking as given the planner’s choice of the policy instruments

. . 1
{Zb Pt 0HHt7 elléinear7 FXIt}t:O'

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

obtain the economy-wide resource constraint for tradable goods:

-~ " E
Dt+1 Z _EtP;‘t [WC: — CFt] — EtPEtZt — (1 — )\) Ot |:<]. + Zt71> — (1 + Zt—l) E—t
t—1
E ~
FA(+i) 2Dt (1= 0) (147 Dy (18)
t—1

where (1 +€t> = (1 — ¢¢) (1 + i;). 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 constraint. This connection of the banks’ constraint to the

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

Do Py
22 <o 19
B = KH1 B, (19)

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

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
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contribution of the housing sector to the competitive equilibrium:

D = (1+ po) [(1+ p_1) D" — ProL "]
{G’ (1 _ LOLmear) Eo [Pri] Vel (1 _ LlLinear) P + o
(1 + gggncave) (1 + gggncave) (1 T Qgtlmcave) 1+ p1)
Q' (1 _ LlLinear) Pro + ¢o
(1 + 650%) (1 1 py)

+ Eo

} (LOLinear . LE%near)

. PRlLéjinear + ((1 - ’{Ll) L{/inear o Lé/inear) S 0 (20)

arPrChy
ap [LtL_i?ear e (1 . LtL_i?ear)} :

where Pr; =

This inequality condition is slack if the planner can regulate both housing subsectors, i.e., if both
gLincar ¢ R and 05" € R are allowed, or if 55"**¢ = 0 but x; 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 fall after shocks which decrease the pledgability
of land, x 1,1, or which decrease domestic aggregate demand, causing a reduction in the consumption

of home tradable goods, C'p;.

Constrained Efficient Allocations

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

ay
ofg , ~ o PHt wpx

V (Cre, pri; Pxi, Li—1) = U (EthCFt, Cre, LI + G (1 — L) C“FA Cry + 0 tCt*)
¢ ¢

1 1
where Vi, = ar [1+a—H<1——%>1,me:a—H(l——%),

Cre ap Ay ag bat Ay ag
w 1—G' (1 — L{meer)
V = ——Cf, and Vj; = « . . )
pxt At t Lt RLf_miLear e (1 o Lf_ﬂ}ear)

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-
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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

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

1 Upny 1 Cyy
— 14—t =1 =
Tt i A Upe 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, P. 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
SPCP _ _ pr? + PCPiUNt _ _pPCPiCFt
Xt PCP__d PCP Xt R
Pxt  gpbor (wpi") At Ure A¢ ap
DCP
~DCP _ _ wWPXxt 1 DCPLUNt _ _pDCPiCFt
Xt DCP__d DCP Xt Pt :
Pxi gpper (wpge") At Ure A ap

This “terms of trade (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
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tend to push the prices of these goods up or down relative to the pre-set rigid level. In sections
4-6, we show that constrained welfare maximization produces a motivation for the planner to min-
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 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:
Tt = Nt — (1 + i:—l) :

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:

e =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+, Tx+, Tr¢, Trt } cannot
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be equal to zero in every state. In a deterministic closed economy, the planner can set the labor
tax, ¢, to manipulate the domestic price level, Py, such that the distortion owing to monopolistic
competition is perfectly eliminated and the AD wedge is zero, i.e., 77y = 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, Pk, is still tied to the domestic price, Py. The addition of
shocks to the economy, as well as the introduction of the UIP wedge, 7, 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,

; 2 . .
YHt, YXt; Y]%%znear’ Y}%oncave}t:(), prices {PH, Px, {pt}i:() s {Wt, Et, PRt, qt}?:[)}’ and pOllCY
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. . 1 . .
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L t ) L t

( 9 * * |
]EO [Zﬁtv (CFt, E;:iFt7 E;#iﬂ, Lf_zqear)}
=0
2
F < t EPry Ppy Linear)
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with Px = Px (Cro, {Cr1},{Cr2}, Eo, {E1},{E2}, Pu)

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 spe-

cific shocks can also be used to address other wedges after other shocks. We are also able to analyze
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whether policies which have been recommended to reduce specific wedges in the literature may in
fact exacerbate 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 expression for the gross external premium, 7 1.

« 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 [P°CP — 0 ifPCP

0 if DCP 1 if DCP

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.
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4 Deep Foreign Exchange Markets

To present our results most clearly, we start with the smallest integrated model and gradually add
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 k1 — 00 (no binding housing frictions), and by removing FX intervention from the planner’s

toolkit.

4.1 Policy Instruments and Wedges

The deep FX markets case formally corresponds to setting I' = 0 in the constraints and FOCs summa-
rized in Appendix A.2. Financial intermediaries face no balance sheet constraints, so their capacity
to hold domestic currency debt is unlimited, and the country’s external debt position does not mat-
ter for the country’s gross external return, ;. The Gamma equations therefore reduce to the UIP
conditions:

]E() [Tpl] = (0 and m2 = 0. (21)

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

simplification, we assume that housing frictions do not bind. As described in section 3, this result
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follows either from regulation of both housing subsectors, i.e., both #5i"@" ¢ R and §5"¢ € R
are allowed, or from high housing sector debt capacity, i.e., k1,3 — 00.

The absence of binding housing sector frictions means that one of the two instruments of capital
controls and consumer macroprudential taxes may become redundant, because both affect the econ-
omy via altering external debt.” In this section, we first focus on optimal capital controls and then
explain whether or not they can be substituted by consumer macroprudential taxes. Equation (21) es-
tablishes that FX intervention does not affect the exchange rate, so we defer further consideration of
FX intervention to section 5. In addition, we defer further consideration of housing macroprudential
taxes to section 6.

The households’ Euler conditions can be rewritten as:

ap :B<1+ZS) 1 Ey ap

E, | =2 —F
P;OCFO (1 — 900) EO [%] 0 lEl P;:lel

(22)

]and ap Zﬁ(l—i—z”{) ar
P1111CF1 (1 - 801) ;’QCFQ
These Euler conditions demonstrate that capital controls are effective instruments under deep FX
markets, as they raise the domestic policy rate above the foreign interest rate and thereby reduce
domestic borrowing. Exchange rates Ej and E) enter the Euler condition between periods 0 and
1 because households have access to domestic currency bonds only, and not dollar bonds, and the
extent of possible risk-sharing depends on the contingency of the available bonds."* They do not
enter the Euler condition between periods 1 and 2 because there is no uncertainty between those
periods.
Next, we turn to the conditions characterizing the constrained efficient allocation, to understand

which externalities arise under deep FX markets and how policies should be used to alleviate them.

B3Both capital controls and consumer macroprudential taxes to address pecuniary AD externalities as envisaged in this
section would be labeled as CFM/MPMs in the IMF’s taxonomy, because as will be clear below, they are both designed to
limit capital flows for financial stability reasons.

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

1 1 1 0P

Pr,Cry afp Bty Py Px OCFy
. ap 1
:5(1+1*)Et{— [1+ —THt 1}}—#‘1’31&—.
! P 1 Crin ap B(1+idr,)
1+ 1 1 aPy
{ ZB tC Tt TXt ﬁtﬁt-i-l P;t+1 PX 80Ft+1 ( )

where VU 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 ¢ 4 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, 77,
and Tx, may provide a rationale for policy intervention in the deep FX markets case.

We have mentioned in section 3 that it is not feasible for these two wedges to be equal to zero in
every state. Nevertheless, for illustrative purposes, we observe that if we set all wedges to zero, then

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

aF =01 +14)E, [L] fort € {0,1},
P Cry Py 1Cria

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
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rate in a different manner, and also to add capital controls into the toolkit in order to stabilize the
wedges over time.

The FOCs for exchange rates in each state are:

PCP * ap _PCP
—I -{wC Ty }

t Cry
w - DCP 2 t DCP 1 B oP
— . * QAR Ly [ _90Fx
Stabilize demand for home goods I EO t;)ﬁ g’ Cr¢ Txt ptm: Px ( OF: >
Optimize TOT on export goods
Vpi Py

_— —_—. 24
+§t (1 +z’j§‘_1) KH1 EtJ (24)

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 7, represents the benefit of mov-
ing the exchange rate to generate import substitution and stabilize domestic demand for the home-
produced tradable good. The second term, which includes the TOT wedges, 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
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 (21), the domestic policy rate moves inversely to the

expected exchange rate depreciation.
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The expression for capital controls is:

(
—*O‘F 1+ QH - :|
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0if gy > 0,

(25)
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 (25) are unbalanced. The expressions for the numerator and denominator are obtained by
substituting for the AD wedge, 75, using equation (24). 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., U5, > 0, which captures the concerns of many
emerging-market policymakers. Households do not internalize that their borrowing in period ¢ 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 (24) indicates
that the AD wedge, 7x, is optimally kept higher than the TOT wedges, T7x¢, would justify, i.e., the
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
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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 (23)-(25) 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.

Next, we illustrate how the constrained efficient policy response varies with different shocks,
and for each shock, we highlight both the impact of the pricing structure (PCP or DCP) and other
structural characteristics such as commodity dependence and the level of external debt.

In subsections 4.2-4.3, consumer macroprudential taxes, 0 ¢, are substitutes for the capital con-
trols, ¢y, described above. Their optimal use follows the following expression, in which either of

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

o m+1Et+15Et{ﬁ+1%} if Up =0
T o) :
. if Wp > 0.

However, in subsection 4.4, when we consider the possibility of unregulated sectors and/or circum-
vention of policy instruments, the two instruments become complements instead of substitutes, and

they need to be used together.
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4.2 Real Shocks

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

income of domestic households. Some of the policy recommendations are conditioned on B; <E E?_tl ) ,
the total domestic currency debt stock at the beginning of period ¢ converted 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 household’s effective exposure to ex-

ternal dollar-denominated debt.
4.2.1 Productivity Shocks

A permanent productivity shock is a shock to the value of A; = As in the production function of the
home tradable good. Since we would like to focus on insights which do not hinge on intertemporal
TOT externalities, we set a parameterization of the shock to neutralize this motive:'

Ao
%]

Under PCP, it is optimal to let the exchange rate move to absorb the shock without moving the
level of any policy instruments. Figure 5 shows that the policy rate remains unchanged, and both
ex ante and ex post capital controls are zero. After the high realization of the productivity shock,
there is an increase in domestic aggregate supply. To close the gap between aggregate demand and
aggregate supply, the exchange rate depreciates and makes exports more competitive. Given the
unit elastic demand for exports, there is no increase in the dollar value of export revenues, so do-
mestic households are not more wealthy in dollar terms, leaving imports unchanged regardless of
the realization of the shock. Households consume more of the home tradable good after positive
productivity shocks, as those goods become cheaper relative to imports. The exchange rate depreci-
ates by the same percentage as the increase in productivity, so % is constant across states of nature.

Employment is perfectly stabilized across high and low shocks. The AD and TOT wedges are fully

15The PCP result on the optimality of capital controls does not depend on this parameterization (consistent with Farhi
and Werning, 2014), while the DCP result does.
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stabilized across shocks and over time, which means that there is no case for capital controls. This
result does not depend on the level of initial external debt, By.

Under DCP, the key difference is that employment and the TOT wedges are no longer stabilized
across high and low shocks by the exchange rate (figure 6). Nevertheless, capital controls do not
become optimal. Just because there is an unstabilized wedge and an extra available instrument does
not mean that the instrument should be used. The instrument should only be used if it can help
stabilize the wedge. The imperfect macro stabilization under DCP arises from the stickiness of the
dollar price of exports across states. Capital controls alter the level of borrowing and the time path

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

Result 1. Countries facing permanent productivity shocks should rely solely on exchange rate flexibility,

under both PCP and DCP.

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

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

4.2.2 Commodity Price Shocks

A permanent commodity price shock is a shock to the value of P;; = P7,, the dollar price of
commodities, and is relevant for countries with large commodity sectors. Since commodities are un-
differentiated while tradable goods are differentiated across countries, the effect of the shock should
be different from the effect of the productivity shock. In our simulations, we compare two commod-
ity exporters with different initial conditions: one with no unhedged external FX debt, By = 0, and
one with high unhedged external FX debt, By > 0, assuming that both countries have the same level
of Ky € (0,1).1

Under PCP and B, = 0, capital controls are only optimal insofar as the intertemporal TOT exter-

nality is relevant. Figure 7 shows that after commodity price shocks, it is optimal to allow exchange

18Qur goal in this exercise is to compare safer versus more externally vulnerable countries. An alternative exercise with
the same qualitative features would be to fix By and instead compare safer countries with no borrowing constraints, i.e.,
Km1 — 00, against more vulnerable countries which face occasionally binding borrowing constraints, i.e., kg1 € (0,1).
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rate flexibility without moving the policy rate, and there are small ex ante capital controls arising
solely from the intertemporal TOT externality. After the low realization of the shock, there is a de-
crease in aggregate demand, and domestic households become poorer in dollar terms. The planner
allows an exchange rate depreciation which generates a decrease in imports. The higher export de-
mand from the depreciation exactly offsets the wealth-driven decrease in domestic consumption of
the home traded good, so that employment in the tradable sector does not change. Indeed, trad-
able sector employment is stabilized across high and low shocks, and insulated from the commodity
sector.

When Bj is high enough, however, capital controls become optimal to address pecuniary AD
externalities. Figure 8 shows that after the low realization of the shock, the borrowing constraint
becomes binding, because the associated exchange rate depreciation causes a contraction in the dol-
lar value of the debt limit. The forced deleveraging of households causes a further contraction in
aggregate demand. The planner recognizes that depreciation tightens the constraint (19). Therefore,
following equation (24), the planner keeps the policy rate higher, and the exchange rate more ap-
preciated, than the price pressures from the AD and TOT wedges would justify. As a result, the
domestic consumption of the home good, and employment in the traded sector, both decline. The
planner resorts to ex ante capital controls to address pecuniary AD externalities in the presence of
occasionally-binding borrowing constraints. However, there is no case for ex post capital controls.

Under DCP, the exchange rate is more volatile and employment in the tradable sector is desta-
bilized. Figure 9 shows that in the absence of the borrowing constraint, it is optimal to implement
the same decrease in imports under DCP as under PCP after the low realization of the shock. How-
ever, when the exchange rate depreciates under DCP, there is no increase in export demand, and the
planner tries to induce domestic households to consume more home goods. Inducing households
to consume the same level of imports as under PCP, but more home goods, means that the depre-
ciation must be larger under DCP. In the end, the depreciation is large enough that tradable sector

employment increases.
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As figure 10 shows, commodity-exporting countries with DCP are more vulnerable to binding
borrowing constraints. The larger depreciation after the low realization of the shock means that
the debt limit contracts more under DCP. As a result, for the same shock and initial FX debt B,
borrowing constraints bind more severely under DCP than PCP; and as a corollary, the constraints
bind for a larger set of shocks and initial conditions, i.e., for smaller shocks and for lower initial
FX debt. Therefore, it is more likely that countries with DCP impose ex ante capital controls to
address pecuniary AD externalities than countries with PCP, and the planner sets larger ex ante

capital controls under DCP.

Result 2. Countries with large commodity sectors should not impose capital controls to address pecu-
niary AD externalities if there are no borrowing constraints, but they should impose positive ex ante
capital controls for this purpose if there are borrowing constraints and external FX debt is high. Ex post

capital controls are not desirable.

Remark 2. After commodity price shocks, exchange rates are more volatile under DCP than PCP.

Remark 3. For countries with large commodity sectors, borrowing constraints, and high initial external
FX debt, ex ante capital controls to address pecuniary AD externalities are more frequently optimal, and

they are larger in magnitude, under DCP than PCP.

4.3 Financial Shocks

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

the cycle. Each of the shocks could also strike on a country-specific basis.
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4.3.1 World Interest Rate Shocks

A world interest rate shock is a shock to the value of (1 + 7). It could be triggered by a change in
U.S. monetary policy, expected global growth, or global risk appetite.

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

A jump in the world interest rate on its own does not tend to make borrowing constraints binding
in our simulations. The reason is that although the depreciation does cause the debt limit to contract,
the desired debt level falls more rapidly.

Under DCP, the main difference is that the exchange rate is more volatile under DCP than PCP
(figure 12), for the same reason as discussed above for the commodity price shock: export demand
is no longer boosted by exchange rate movements, so import substitution must play a larger role.
This exchange rate volatility is achieved by keeping the policy rate unchanged in response to the
shock. Employment becomes destabilized by the shock. The ex post capital controls which were
optimal under PCP owing to the intertemporal TOT externality disappear under DCP, while the

same motive generates small ex ante capital controls.

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

externalities under PCP or DCP.

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

A foreign appetite shock is a shock to the value of S;. For the case of deep FX markets, allocations

are not affected by this shock. We defer further consideration of this shock to section 5.

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

domestic currency debt.

4.3.3 Bank Debt Limit Shocks

A bank debt limit shock is a shock to the value of xkp1, the pledgability parameter in the banks’
external borrowing constraint. A decline in s reflects either a downgrade in the perceived credit-
worthiness of banks in a particular borrower country, or a reversal in the willingness of international
banks to extend credit to banks in all borrower countries.

Under PCP, when the initial external FX debt By is high enough, it is optimal to impose ex ante
capital controls to address pecuniary AD externalities. Figure 13 shows that after a low realization
of the shock, the borrowing constraint becomes binding. The planner lowers the policy rate to sup-
port aggregate demand. However, as described above in the example of the commodity price shock
with borrowing constraints, the planner keeps the policy rate higher, and the exchange rate more
appreciated, than the price pressures from the AD and TOT wedges would justify. Ex ante capital
controls are used to address the pecuniary AD externalities.

Under DCP, the exchange rate is more depreciated after the debt limit shock and yet the ex ante
capital controls are larger. The reason for these results is as follows. Figure 14 shows the allocations
when the planner is able to use both monetary policy and capital controls. We already know from
above that the exchange rate is a weaker tool for import/export substitution under DCP than PCP.
If there is little cost associated with exchange rate volatility, as with the productivity and interest
rate shocks above, then the planner’s solution is simply to implement the preferred allocations using
higher exchange rate volatility. However, if an exchange rate depreciation may tighten external debt

limits, the planner weighs the benefits of depreciation (smaller under DCP than PCP) against the
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costs of tightening the constraint (equal under DCP and PCP). The end result is that there is still a
greater depreciation after the shock under DCP than PCP, but the planner imposes higher ex ante
capital controls under DCP as it places substantial weight on relaxing the constraint in period 1, and
indeed, the multiplier on the external borrowing constraint is lower under DCP than PCP. There is
no case for ex post capital controls during the sudden stop when inflows are constrained already, as
controls have no effect.

Allowing ex ante capital controls increases the ex post policy rate in our simulation owing to a
combination of two effects. The “financial channel” pushes for a lower ex post policy rate, as capital
controls reduce external debt and thereby the need for a high ex post policy rate to relax the external
constraint. The “macro channel” pushes for a higher ex post policy rate, as capital controls shift
aggregate demand from period 0 to period 1. In practice, the effect on the ex post policy rate may be

ambiguous.

Result 5. Countries with high external FX debt whose banks are vulnerable to external debt limit shocks

should impose positive ex ante capital controls.

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

ante capital controls are larger under DCP than PCP.

Remark 6. Imposing ex ante capital controls shifts both sides of the macro-financial trade-off for mon-
etary policy, with ambiguous results on whether the policy rate and capital controls are substitutes or

complements.

4.4 Extension: Limits to Regulation

The above subsections assumed that the housing sector frictions are not relevant, all households
borrow only from domestic banks, and these banks are the sole domestic counterparties of the inter-
national financial intermediaries. If so, then consumer macroprudential taxes are able to achieve full

coverage of all relevant debt transactions and are substitutes for capital controls, following equation
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(26). In this subsection, we consider the joint use of consumer macroprudential taxes and capital
controls when there is imperfect coverage.

We consider two forms of imperfect coverage. First, consumer macroprudential taxes may cover
a subset of households while the remainder of them borrow directly from international financial
intermediaries instead of borrowing from domestic banks. Transactions with the intermediaries
are beyond the perimeter of domestic macroprudential regulations. For simplicity, we assume that
households who borrow directly from intermediaries face an external borrowing constraint of their
own with the same formulation as the banks’ constraint.

In this case, consumer macroprudential taxes are an imperfect substitute for capital controls:
they reduce the external debt of regulated households, but not that of unregulated households. The
planner should set consumer macroprudential taxes, 0 4, for domestically-regulated households of
a magnitude pinned down by setting ¢; = 0 in the expression (26), and should set capital controls, ¢y,
on intermediaries lending to the other households of a magnitude pinned down by setting 6 ¢ = 0
in that expression.

Second, all households may officially be regulated by consumer macroprudential taxes, but they
can circumvent the taxes and issue debt directly to international financial intermediaries. For sim-
plicity, we again assume that households and banks face an identical external borrowing constraint.

In this case, consumer macroprudential taxes and capital controls are perfect complements. If the
planner imposes consumer macroprudential taxes, households would conduct all their borrowing
directly with financial intermediaries, and the taxes would have no effect at all on macro allocations.
For there to be any effect, these taxes need to be complemented by capital controls. In other words,
the planner must set consumer macroprudential taxes, 07, as above on all households’ borrowing
from domestic banks, and additionally impose capital controls, ¢;, as above on any intermediaries
lending directly to households.

More generally, imperfect coverage by consumer macroprudential taxes should be remedied by

the use of capital controls, and vice versa.
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Result 6. Capital controls and consumer macroprudential taxes are imperfect substitutes if macropru-
dential taxes do not cover all household borrowing, and they are perfect complements if households can
circumvent the macroprudential taxes via cross-border transactions which are not intermediated through

the domestic banking system.

4.5 Extension: FX Swap Lines

In this extension, we consider the possibility that the planner may have access to bilateral or mul-
tilateral FX swap lines. The planner can draw on these facilities in period 1, convert the FX into
domestic currency, transfer the proceeds to domestic banks, and then make repayments at the world
interest rate on those facilities in period 2 by collecting domestic currency repayments from banks
in line with the domestic interest rate.!” The overall impact of this set of transactions is to augment

the banks’ debt limit from equation (12) to the following expression:
Dy < kg1 Pur + Fo,

where F5 is the total available FX summed over all swap lines.

Access to swap lines is isomorphic to an increase in xf1. Drawing on these facilities is valuable
during period-1 states when the banks’ borrowing constraint is binding (i.e., from the above discus-
sions, after large commodity price declines or a substantial tightening of banks’ external debt limits),
and reduces the severity of the constraint. A reduction in the severity of the constraint in period 1

means that there would be less need for ex ante capital controls.

4.6 Summary

For countries with deep FX markets, we have identified several shocks and structural characteristics
which justify a deviation from the traditional Mundell-Fleming prescription of relying solely on

the domestic policy rate and exchange rate flexibility. Focusing on the pecuniary-AD-externality

7The UIP condition (21) between periods 1 and 2 ensures that the domestic currency funds raised from banks are suffi-
cient to make the necessary FX repayments.
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rationale for capital controls, countries should impose positive ex ante capital controls to reduce ex
ante overborrowing if they have high external FX debt relative to their debt limits, combined with an
exposure to commodity price and/or debt limit shocks. If external FX debt limits are irrelevant, there
is no case for the use of capital controls to address AD externalities for countries facing productivity
shocks, commodity price shocks, world interest rate shocks, and foreign appetite shocks.

DCP on its own does not justify capital controls to address AD externalities, but in combination
with FX mismatches and external debt limits, DCP increases the incidence and severity of binding
borrowing constraints. Countries with DCP require ex ante capital controls for a larger range of
initial external FX debt levels than countries with PCP, and ex ante capital controls are larger under
DCP than PCP.

Mapping the global financial cycle to our model

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

The optimal policy rate response is heterogeneous across different types of countries and re-
trenchment episodes. The planner accommodates the world interest rate shock by allowing the ex-
change rate to depreciate and cushion aggregate demand. This outcome is accomplished by raising
the policy rate less than the increase in the world interest rate under PCP, and by having minimal
change in the policy rate under DCP. The planner ignores the foreign appetite shock and keeps the
policy rate unchanged. After the debt limit shock, the planner reduces the policy rate, but keeps it
high enough to partially defend the exchange rate. Given that each global retrenchment episode has
a different blend of component shocks, and that countries have heterogeneous vulnerabilities to the
different component shocks, there should be heterogeneous directions of policy rate responses in the
cross-section of countries in response to global financial cycle shocks.

Capital controls to address pecuniary AD externalities are used in only one direction, but not

evenly across countries and episodes. Ex ante capital controls may be justified in some but not all
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countries to address pecuniary AD externalities. The tax is welfare-improving to the extent that
the debt-limit-contraction component of the global financial cycle is relevant, and is only used by
countries with high FX external debt relative to their debt limits. Consumer macroprudential taxes
are substitutes for capital controls if they have perfect coverage of all relevant debt transactions, but
they become imperfect substitutes or even complements if there is imperfect coverage. In the latter
case, consumer macroprudential taxes and capital controls should be used together. Access to FX

swap lines reduces the necessary ex ante capital controls and macroprudential taxes.

5 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.

5.1 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 (14)-(15). As in section 4, we continue to assume that housing frictions do not bind."®

Under shallow FX markets, the UIP conditions in equation (21) are violated, with the level of
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

8This assumption ensures that the substitutability/complementarity of capital controls and macroprudential taxes fol-
lows the same logic as in section 4. With shallow FX markets, however, there emerges a new rationale for ex post capital
controls to stabilize macro allocations after shocks, which would be labeled as CFMs rather than CFM/MPMs in the IMF’s
taxonomy.
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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 (14)-(15) establish that the planner should set ( By + FXI; — S;) =

0 if the sole purpose of FX intervention is to reduce the expected external premia, E;ms1, to zero
for any given level of debt, B,;, and foreign appetite shock, S;. By contrast, the planner should
set (Byp1 + FXI; — S;) # 0 if it wishes to influence the exchange rate at the cost of allowing some
premia to occur between periods ¢t 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, {7, 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 (23), there
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are two main additions: the term <%> : ['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, 714 ;.

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, 7141, 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:

;

14 547 ]
ﬁ(1+i§)+EtrFt+1E EEt _ alg CFt |: Ht
By t+1 Ppy11CFt+1
G B O T
1
ar[(14+¢)+(1=X)Tri41] ap 1
o BE { ;t+1CFt+1 [1 + arF THt—H} } + <5) FQt
— PrCrt DCP t DCP (14+i)+(1=XN)mr 1 1 0P
%0t —]I . {]EO [26 u] * aF TXt E |: L ,Btﬂ't+1 o PF*‘t+1 gaCFf+1:|
lf \IJBt - 0
0if \IIBt > O,

(28)
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 71441 are multiplied by (1 — \) in the denominator but not in the numera-
tor, showing that there is a role for the planner to use capital controls to redistribute resources across
states, because households take the domestic policy rate as given, while the planner recognizes that
it depends on the endogenous UIP wedges, taking into account the domestic ownership of financial
intermediaries.

Exchange rate determination now follows the below expression:
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(29)

This expression is similar to the expression under deep FX markets, equation (24). 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:

Qi1+ VYpi 1
Q, —(1-\) LB (B 4 FXT) £ —— ABE
+ +
~~~ II s:()l s Ti+1
Ability to borrow more today ~ 4
Higher repayments tomorrow Prevent excessive contingency of premium
+ £1—-A)QH4F(BFH;+fCXAZ, (30)
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:

D1+ VYpi

oy, +(1 =N E; ; Tres1 |+ (1 = X)) TEq; [Q4417r¢41] =0.
v Hs: 0 I s N $ >
Lower premium today ™ ~~ ” Change in premium tomorrow owing to change in carry cost

Change in carry cost

(31)
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.

5.2 Real Shocks

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

income of domestic households. As in the deep FX markets case, we define B, = E?_tl' In the

shallow FX markets case, the representative 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 — \) F X I;_; while the effective domestic-

currency-denominated debt exposure is given by (1 — \) (B; + F X 1;_1).
5.2.1 Productivity Shocks

We consider permanent shocks to the value of productivity, A; = A,. The parameterization of the

shock which neutralizes the intertemporal TOT externality changes to the following condition:'’

o [AAOE R+ 0= Nm]
0|4 : == 1.
A (1 +15)

% As in the deep FX markets case, the PCP result on the optimality of capital controls does not depend on this param-
eterization, while the DCP result does. The new condition under shallow FX markets is more complex than under deep
FX markets, because it relates the exogenous shock A; to the endogenous variable 7;. However, the condition is easily
implemented numerically as follows: (i) we simulate the model with A\ = 1 and our choice of A¥, and use the result to fix
the values of 7; and thereby AZ; (ii) then we verify that allowing A to vary within [0, 1) results in no change to the values
of 11, so the condition for A; continues to be satisfied.
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Under PCP, figure 15 shows that as in the case of deep FX markets, it is optimal to rely on exchange
rate flexibility to absorb the shock. Since imports can be kept stable between periods 1 and 2 after
a permanent shock, households do not issue external debt for consumption-smoothing purposes in
period 1. Without new domestic currency debt being issued, the depth of the FX market—i.e., the
ability of intermediaries to absorb new debt without requiring a premium—is not relevant for ex post
policy responses. The smoothing of imports and employment between periods 0 and 1 and across
period-1 states means that ex ante capital controls and FX intervention are zero as well.

Under DCP, figure 16 shows that exchange rate flexibility is again the main tool to absorb the
shock. In both period-1 states, (B + F X1) is kept at zero, establishing that FX intervention is
used solely to minimize external premia, and capital controls are set to zero as well. As in the deep
FX markets case, employment is destabilized across states under DCP.

From the ex ante perspective, capital controls and FX intervention are close to zero but not exactly
so, owing to this ex post destabilization of employment. The logic from the deep FX markets case
continues to apply, pushing both instruments towards zero. However, there is a new channel owing
to the presence of less-than-full currency mismatch, i.e., A < 1: the “repayment contingency” motive.
Some of any ex ante external debt remains effectively denominated in domestic currency, so the dollar
value of ex post repayments is altered by ex post exchange rate movements. Since employment is
destabilized by the shock under DCP, the planner wishes to generate an ex ante domestic-currency-
denominated asset position so that the ex post exchange rate movements transfer resources in dollar
terms from high to low states.

The desired asset position, i.e., (1 — \) (B1 + F X Ij) < 0, is necessarily small owing to the desire
to smooth imports between periods 0 and 1. In our simulations, we find that it is implemented ex ante
via an elevated policy rate combined with small capital inflow subsidies and FX sales. In practice, the
contingency of ex post debt repayments is realistic, but the desire to distort the ex ante debt level is

not, so we do not focus on ex ante policy recommendations which hinge on this motive.

Result 7. Countries facing permanent productivity shocks should rely solely on exchange rate flexibility,
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under both PCP and DCP, even if FX markets are shallow.

Remark 7. Permanent productivity shocks do not rationalize ex post capital controls. FX intervention
should minimize premia while allowing the same degree of exchange rate flexibility as in the deep FX

markets case.
5.2.2 Commodity Price Shocks

We consider permanent shocks to the dollar price of commodities, P, = P;,. We again compare
two commodity exporters with different initial levels of unhedged external FX debt, By, and the same
level of k1 € (0,1).

Under both PCP and DCP, for By = 0, figures 17 and 18 show that the optimal policies are identical
between the deep and shallow FX markets cases. The insight from the productivity shock analysis
continues to hold: since new domestic currency debt should not be issued after permanent shocks,
the depth of the FX market is not relevant for ex post policy responses, while the smoothing of
imports and employment between periods 0 and 1 and across period-1 states pins down the ex ante
policy responses.

Under both PCP and DCP, for By high enough for banks’ external constraints to bind after the low
realization of the shock, figures 19 and 20 show that the optimal policies are identical between the
deep and shallow FX markets cases except the steady-state level of FX intervention. Under shallow
FX markets, the existence of a positive domestic currency debt level for financial intermediaries to
absorb means that there are steady-state financial TOT externalities and gross external premia paid
to foreigners, which reduce welfare. Since we have assumed that the planner has an unrestricted
ability to intermediate in the domestic currency debt market and reduce the premia, it does so until
the premia go to zero. In practice, the ability of the planner to intermediate may be more limited.

It is important to note that this steady-state intermediation motive is the only rationale for inter-
vention in our simulations. In both period-1 states, (Bs + F' X 1) is kept at zero, establishing that

FX intervention is used solely to minimize external premia, and not to otherwise manage the level
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of exchange rate, after permanent commodity price shocks. In fact, managing premia is consistent

with the exchange rate having the same degree of flexibility as in the deep FX markets case.

Result 8. Countries with large commodity sectors should not impose capital controls to address pecu-
niary AD externalities if there are no borrowing constraints, but they should impose positive ex ante

capital controls for this purpose if there are borrowing constraints and initial external FX debt is high.

Remark 8. Permanent commodity price shocks do not rationalize ex post capital controls. FX interven-
tion should minimize premia while allowing the same degree of exchange rate flexibility as in the deep

FX markets case.

Remark 9. For countries with large commodity sectors, borrowing constraints, high initial external
FX debt, and either deep and shallow FX markets, ex ante capital controls to address pecuniary AD

externalities are more frequently optimal, and they are larger in magnitude, under DCP than PCP.

5.3 Financial Shocks

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

currency debt market.
5.3.1 World Interest Rate Shocks

We consider a shock to the value of the world interest rate, (1 4 7).

Under PCP, the planner optimally accommodates the shock using all policy instruments in a com-
plementary fashion. To begin, consider the allocation with only monetary policy (MP) and capital
controls (CC), represented by the dashed lines in figure 21. When the world interest rate declines,
the households’ Euler condition suggests that it is optimal for imports to increase in period 1 and

decline in period 2. However, an increase in imports requires external borrowing, which increases
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Figure 4: Financial Shocks under Shallow FX Markets
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the UIP wedges that foreign-owned intermediaries earn at the expense of the domestic economy.
Recognizing this problem, the planner does not stimulate a large increase in debt: it reduces the
domestic policy rate only slightly. Capital controls reflect a combination of both the new financial
TOT externality and the old intertemporal TOT externality.

Next, consider the solid lines in figure 21, which plot the allocation when FX intervention is also
available. The use of FX intervention allows more accommodation of the shock, and more rather than
less exchange rate volatility. The planner can now reduce the premium accruing to intermediaries
by conducting ex post FX sales and purchasing domestic currency bonds. Since the premium is now
lower, and indeed (B3 + F X I;) is pushed to zero, the planner can reduce the ex post policy rate
more and stimulate more ex post debt. At these higher levels of debt, capital controls remain only
insofar as the intertemporal TOT externality is relevant.

Therefore, the planner uses a combination of looser monetary policy and expansionary FX inter-
vention in order to take advantage of the lower world interest rate, both of these policies accommo-
dating the shock rather than leaning against the wind. The aim is to boost aggregate demand while
minimizing the UIP wedge.

Under DCP, FX intervention is again used to accommodate the low realization of the shock, in-
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creasing debt and aggregate demand while minimizing the UIP wedge (figure 22). However, there are
two main differences from the PCP case. Firstly, the exchange rate is more volatile under DCP than
PCP, as in the deep FX markets case. Secondly, the introduction of FX intervention reduces rather
than increases the ex post movement in the policy rate. The reason is that FX intervention makes
the ex post policy rate get closer to its deep-FX-market equivalent, and under deep FX markets, the

policy rate is kept constant in response to the shock.

Result 9. Countries facing world interest rate shocks should use ex post FX intervention to accommodate

the shocks, rather than lean against them, under both PCP and DCP.

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

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

Under PCP, the domestic policy rate appears to be a poor substitute for capital controls and FX
intervention. Figures 23 and 24 trace out the allocations as we add instruments one by one to the
planner’s toolkit.

The dashed lines in figure 23 plot the allocation with only monetary policy. When foreigners’
appetite improves, there is a decline in the UIP wedge, because the entry of the new category of
foreigners reduces the debt held, and the premium demanded, by the Gamma intermediaries. Do-
mestic households increase their borrowing to finance an increase in imports and aggregate demand.
Their borrowing is excessive, because each household does not internalize that their increase in debt
is increasing the interest rate for all other households. As the shock is insensitive to the premium,

monetary policy is not an effective instrument to insulate the economy from the shock: raising the
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policy rate to deter overborrowing generates the cost of larger UIP wedges for the intermediaries.
For a fixed policy rate, the exchange rate appreciation hurts export volumes and destabilizes employ-
ment, so the planner reduces the policy rate to limit the appreciation, stimulating export demand and
stabilizing employment.

The solid lines in figure 23 plot the allocation with both monetary policy and capital controls.
When foreigners’ appetite improves, positive ex post capital controls are more effective than mon-
etary policy. Capital controls cannot absorb the full impact of all the new foreigners, but they can
address the financial TOT externality. Ex post overborrowing is significantly reduced. Since the
shock is being tackled closer to its source, there are fewer remaining symptoms, and the ex post
policy rate needs to move less to stabilize employment.

The dashed lines in figure 24 show the allocation with monetary policy and FX intervention. They
show that ex post FX accumulation is also more effective than monetary policy. FX intervention
directly limits the impact of foreigners’ entry. By selling domestic currency bonds and purchasing
dollar bonds, the planner absorbs some of the favorable foreign appetite shock and earns carry profits
on the flow, instead of letting it be absorbed in an inefficient manner by domestic households. Again,
the ex post policy rate needs to move less to stabilize employment.

FX intervention partially leans against the wind but does allow the appetite shock to move the
UIP wedges: (By+ FXI; —S1) € (—]51],0) < 0 after the high realization of the shock and
(Bo+ FXI, —S1) € (0,]51]) > 0 after the low realization. The planner internalizes that it is
not only stabilizing macro allocations but also opportunistically exploiting the inflows and outflows
to earn carry profits, and those profits would diminish if all of the shock is absorbed.

The solid lines in figure 24 plot the allocation with monetary policy, capital controls, and FX
intervention. FX intervention partially leans against the wind for the appetite shock and capital
controls move in the direction of the remaining financial TOT externality. When both are used
together, macro allocations are perfectly stabilized across states and over time. Capital controls and

FX intervention appear to be mild substitutes with each other under PCP, as both are used a little
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less together than when they were used alone. They are strong substitutes for the domestic policy
rate: if both capital controls and FX intervention are available, they insulate the economy from the
volatility of the foreign appetite shocks, and the domestic policy rate need not move at all.

The use of capital controls and FX intervention increases monetary autonomy by tackling the
appetite shock close to its source, and freeing up monetary policy to be used to address the domestic
sources of price pressures.

Under DCP, the the main results from PCP on the optimal use of instruments and their com-
plementarity/substitutability continue to hold (figures 25 and 26). However, there are some key
differences: firstly, exchange rates are more volatile under DCP than PCP; secondly, employment is
destabilized under DCP and not PCP; thirdly, the policy rate increases rather than decreases after the
high appetite shock because it is no longer used to stabilize exports; and fourthly, consumption of

the home tradable good decreases rather than increases after the high appetite shock.

Result 10. Countries facing foreign appetite shocks should use ex post capital controls and ex post FX
intervention to insulate the domestic economy and increase ex post monetary autonomy under both PCP

and DCP.

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

domestic policy rate.

5.3.3 Bank Debt Limit Shocks

We consider a shock to the value of banks’ pledgability parameter, <.

Under both PCP and DCP, for By high enough for banks’ external constraints to bind after the
low realization of the shock, figures 27 and 28 show that the optimal policies are identical between
the deep and shallow FX markets cases except the steady-state level of FX intervention. The insights
from the analysis of the commodity price shock carries over to this case. Under shallow FX markets,
a positive domestic currency debt level means that there are steady-state financial TOT externalities,

and FX intervention should focus on absorbing these premia. In both period-1 states, (By + F X I;)
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is kept at zero, establishing that FX intervention is used solely to minimize external premia, and not
to otherwise manage the level of exchange rate. In fact, managing premia is consistent with the
exchange rate having the same degree of flexibility as in the deep FX markets case.

The similarity between the cases for deep and shallow FX markets may be puzzling, as it would
seem intuitive that using FX intervention to defend the exchange rate ex post, i.e., (By + F X 1) < 0,
should help relax borrowing constraints while letting the domestic policy rate address aggregate
demand. However, there is a flaw in this intuition. When the banks’ debt limit binds, the interest
rate p; in the households’ Euler condition between periods 1 and 2 is determined by the overall
quantity of available external funds and is no longer equal to the policy rate ¢;. Therefore, the policy
rate has no impact on aggregate demand through the Euler condition; it only affects demand through
the exchange rate term in the borrowing constraint.

In the case of deep FX markets, the policy rate is assigned solely to managing the level of the
exchange rate (trading off import/export substitution against the relaxation of the borrowing con-
straint) after low realizations of the shock, as it has no other use. In the case of shallow FX markets,
both the policy rate and FX intervention could potentially manage the level of the exchange rate
when the debt limit binds. The optimal instrument to manage the exchange rate is actually the pol-
icy rate, because the policy rate is not needed for any other purpose, while FX intervention has a
carry cost. Therefore, it is not optimal to use ex post FX intervention except to minimize external

premia, i.e., to set (B2 + F X 1) to zero.

Result 11. Countries with high initial external FX debt that are subject to debt limit shocks should
impose positive ex ante capital controls. FX intervention should minimize premia while allowing the

same degree of exchange rate flexibility as in the deep FX markets case.

Remark 12. After debt limit shocks, FX intervention is used to absorb external premia but not otherwise

to influence the exchange rate.

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

ante capital controls are larger under DCP than PCP.
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5.4 Extension: Ban on Open FX Positions

In section 4, we showed that currency mismatches generate vulnerability to bank external FX debt
limit shocks. In the current section, we showed that shallow FX markets generate vulnerability to
shocks to the foreign appetite for domestic currency debt. In practice, countries 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.

Next, we illustrate this conundrum by considering the impact of a particular macroprudential
regulation: 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 FX debt limit shocks.

The mechanical impact of such a ban is to remove the fraction of intermediaries which are do-
mestically owned, A, from participation in the FX market. As a result, domestic currency debt can
only be absorbed by those intermediaries who are foreign-owned, and the Gamma equations (14)

and (15) need to be replaced with the following equations:

ﬁ (lE)—;+FXfo—So> :EO [771—(1+Z6)] (32)
(1E)\> (%‘FFX]l—Sl):nQ—(l—FZ'T). (33)

The economy-wide resource constraint (18) should be replaced as well:

Dy 2 —EyPpy [wCf — Cpe| — EyPy Zy

— 0, Kl +?t_1> — (1+13y) E?:] + <1 +Z_1> Dy. (34)

Relative to equation (18), there are two main differences. Firstly, there is no fraction A of debt with

currency mismatch, so an exchange rate depreciation does not increase the domestic currency value
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of debt repayments. Secondly, the effective carry cost of FX intervention is larger, because all carry
profits accrue to foreign-owned intermediaries and none to domestically-owned intermediaries. The
entire amended system of constraints and FOCs is summarized in Appendix A.4.

This macroprudential regulation has both benefits and costs, which we will discuss next with
reference to two figures: figure 29, which shows the impact of the regulation on the allocations after
debt limit shocks; and figure 30, 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 allocations with the regulation. Both figures are constructed for the DCP
case, and FX intervention is removed for illustrative purposes, as we impose the following constraint
fort € {0,1}:

FXI; =0. (35)

The first key result is that the regulation reduces the economy’s vulnerability to debt limit shocks
and removes the need for ex ante capital controls to address pecuniary AD externalities. As the
country transitions from high to zero currency mismatch, depreciations can freely be used to reduce
the FX value of repayments and relax external debt limits in period 1. Correspondingly, there is no
pecuniary externality associated with the debt limit which needs to be addressed by distorting the
exchange rate from the value that stabilizes price pressures. Therefore, there is no pecuniary-AD-
externality rationale for ex ante capital controls.

If FX markets are deep, i.e., [' = 0, the country simply transitions from high to zero currency
mismatch with no side effects, as the UIP conditions in equation (21) continue to hold. If FX markets
are shallow, i.e., I' > 0, however, the regulation effectively makes the FX markets even more shallow,
i.e., the effective Gamma becomes ﬁ, which is higher than I'.

The second key result is that the regulation increases the steady-state cost of debt financing if
the planner cannot simply use FX intervention to bypass all the intermediaries. Figure 29, which
illustrates debt limit shocks, shows that the regulation generates significant deleveraging when FX

intervention is set to zero. The reason is as follows. Open FX positions only arise in equilibrium for
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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 third key result 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 30, 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, {©%, 0%}, on constraint (35). Moving from the allocations with the ban to the al-
locations with the ban, the values of the multipliers increase from {©1' = —0.03, 0 = 0.02} to
{@{I = —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.

Result 12. Banning open FX exposures reduces the country’s vulnerability to banks’ debt limit shocks
and removes the need for ex ante capital controls to address AD externalities. However, it has side
effects: (i) it makes debt harder to finance in steady state, and it alters steady-state capital controls; (ii)

it increases the country’s vulnerability to foreign appetite shocks and its reliance on FX intervention.

5.5 Summary

Countries with shallow FX markets have more reasons to deviate from the traditional Mundell-
Fleming prescription, and to use capital controls and FX intervention, than countries with deep
FX markets. Our model suggests there is a case for ex post capital controls and ex post FX inter-

vention after shocks which generate changes in external debt and UIP wedges. Countries worried
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about whether to respond to capital inflows and outflows should not focus on stabilizing the level or
volatility of the exchange rate, but they should instead monitor the level of UIP wedges which arise
from imperfect arbitrage by financial intermediaries in the FX market.

Shocks which generate exchange rate fluctuations without generating changes in external debt,
such as permanent productivity and commodity price shocks, do not rationalize ex post capital con-
trols. In such cases, the only use of FX intervention is to minimize external premia and thereby to
facilitate the same degree of exchange rate volatility as in the deep FX markets case. Shocks which
generate changes in external debt, such as foreign appetite shocks, may warrant the joint use of
capital controls and FX intervention to lean against the wind, limit some exchange rate movements,
and improve monetary autonomy, without fully eliminating the premia that the shocks generate.

Countries which have both currency mismatches and shallow FX markets should carefully design
any macroprudential regulations to reduce external FX debt without harmful spillovers onto FX
market depth. Regulations which reduce currency mismatches while limiting participation in the FX
market may reduce the vulnerability of the economy to banks’ debt limit shocks only at the cost of
increasing the vulnerability of the economy to foreign appetite shocks. The country may then find
itself increasingly dependent on FX intervention to manage volatility in external premia.

Mapping the global financial cycle to our model

Consider a retrenchment of the global financial cycle which encompasses three component shocks:
a rise in world interest rates, a decline in foreign appetite for domestic currency debt, and a contrac-
tion in debt limits for borrower countries. Whether the planner wishes to accommodate, ignore, or
fight each component shock has parallels to the case of deep FX markets, but the policy implemen-
tation is different under shallow FX markets.

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

The planner wishes to ignore the foreign appetite shock and set monetary policy based on domes-

tic considerations only. Unfortunately, in the case of shallow FX markets, these shocks compromises
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monetary autonomy, and the policy rate is forced to respond to external factors. Since the foreign
appetite shock is not return-sensitive, monetary policy is ineffective at addressing the shock at its
source, and the policy rate is assigned to address the employment destabilization generated by the
shock. The use of ex post capital controls and ex post FX intervention restores monetary autonomy,
so the economy is insulated from the global financial cycle while the policy rate can be set based
only on domestic considerations.

The planner’s response to the debt limit shock is similar under deep and shallow FX markets,
because FX intervention is unable to enhance monetary autonomy in the state when the economy
is most stressed. When the debt limit binds, there is no benefit from using FX intervention to target
the exchange rate, beyond the role of FX intervention in reducing the premia on external debt. By
contrast, access to FX resources from swap lines in order to directly relax banks” external debt lim-
its remains useful as in the deep FX markets case, and would reduce the necessary ex ante capital

controls and macroprudential taxes.

6 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
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
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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).

6.1 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.,
9}%”@” € R, while the concave subsector is unregulated, i.e., ng”c“”e = 0; and secondly, that hous-
ing sector borrowing capacity is limited, i.e., k1 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:2°

ﬁ ARTR2 ~ 6’/q\l Li Li
_ = \IJqul (1—,‘1L1) —|—\I/R1—, ((1 _HLI)L tnear _ 1 znear>
N / Linear 1 0
Y2 — OL!
Housing constraint A -~ 4
Minimize housing distortion Tightening of constraint

1 9 (x190) Li Li
I+ \I[R ‘ [ Linear _ L_mear
m 0 1asznear,s ( 0 1 )

N J/

: (36)

Effect on period-0 land price

X,
ovy

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.

2Tn our notation, a derivative of the form [ [\I/ R1 ] indicates the marginal impact of changing the variable Y7 in a
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where VU, 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:

Ey

> 0.
Eiq

Xi+1 = (14 )

The FX gross return covers both the borrowing rate and the exchange rate movements between the
two periods. Unlike the gross return 7, 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., ¥i; = 0, then there is no distortion to housing
output, i.e., Try = 0, and all land is held by the linear subsector, i.e., Llee‘“" = 1. If the housing
constraint is binding, i.e., ¥p; > 0, the first term on the right hand side shows that the housing
wedge Tro exceeds 0, indicating that L{7°?" decreases below 1. The decrease in L% reduces

the period-1 land price ¢, i.e., #‘Zﬁw > 0, 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:

_ p =
(XIQO — Pp1 — 6]1)
/8 A\ - 7
QRTR1 Hedging motive
PORTRL —Ey | Uy _ 5 . (37)
YRl + 9 (quo) (LLinear _ LLinear) . aPRl Linear
— aLLinear 0 -1 aLLinear 0
Minimize housing distortion 70 70 P
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
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 ﬁRl and the land price ¢g; minus interest
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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:
( 1 ap Bi1 p C
E, LLGear+G(1 LLGear) ap Ey Ft+1 P41 +Et|: Qt+1:| lf \I[ _ 0
(1 + eLmear) _ (14+4¢) g Rt — s (38)
0 if \I[Rt >0
\
; .
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1 0 arE, | £ px O
(1+’i0) LLinear+G 1—[LLinear) ap 0 |:EO F1-F1 .
(1-L§ ) ift=20
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where ¢; = ¢

~

q2 ift = 2,

\
where @ is exogenously fixed.?! The desired reduction in L{“*" causes a decrease in the period-0
land price, qp, 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
subsector, i.e., 0}%”6‘”“ > 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

2IFixing ¢a, 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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positive.

However, the planner possesses additional policy tools to help relax the housing constraint (20),
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:

)
Piey O if o; € Rbut O =0
1 ap
X4l = 5Et+1IEt{ Fi41 Prpp Crert }
Nt+1 if Oy € R but pr = 0.

If capital controls are allowed but consumer macroprudential taxes are not, i.e., oy € Rbut g = 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
consumer macroprudential taxes are allowed but capital controls are not, i.e., 0+ € 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
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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 4 and 5. 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
5, the expressions (30) and (31) remain unchanged, as do the exchange rate FOCs in periods 0 and 2

represented by equation (29), but the FOC for the exchange rate in period 1 changes to the following:
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(39)

The last term is new and, since gﬁ < 0 and 8851 > (), 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

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
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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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and the new formula for the ex ante capital control tax, ¢, is:
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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'ro,

80
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Ix1

when the constraint binds (via increasing C'r; in that state, with 525
F1

> 0) help relax the housing

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

dPpy oq
0Crt and oCr1’

necessary ex ante capital controls. Second, the formula includes terms related to
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 (29) and (31),
remain unchanged relative to section 5. However, the expression (30) summarizing the trade-off for

the optimal UIP wedge between periods 0 and 1, 71, is altered to the following:
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(42)

The last term is new and indicates that the planner finds it optimal to reduce the UIP wedge between
period 0 and period-1 states in which the housing constraint binds, i.e., to depreciate the exchange
rate in those period-1 states. 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.

The trade-off for the optimal UIP wedge between periods 1 and 2, 79, is altered to the following:

B FXI
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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 (40), 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 8%(;0 = 8%(51 = (. Nevertheless, we preserve the recommendation
F1

that consumption levels should be altered (now via consumer macroprudential taxes instead of capi-
tal controls) 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 (26).

For the remainder of this section, we show constrained efficient policy responses as a function
of different shocks and country characteristics. In subsections 6.2-6.3, we show whether a range of
real and financial shocks can cause the housing constraint to bind. In subsection 6.4, we illustrate
interactions between the two occasionally-binding constraints in our model: the banks’ external debt
limit and the linear housing subsector’s domestic debt limit.

Although we have shown graphs for both PCP and DCP cases in sections 4 and 5, we focus on
illustrating the DCP case in this section, while documenting any differences with the PCP case in
the main text. One figure for the PCP case at the end of the section encapsulates the key qualitative

difference relative to the DCP case.

6.2 Real Shocks

In this subsection, we consider whether housing sector constraints can become binding as a result of

domestically- and externally-generated shocks which affect the real income of domestic households.

2For more details on the derivatives, please see Appendix A.2.
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6.2.1 Productivity Shocks

We consider permanent shocks to the value of productivity, A; = As.

Under DCP, the introduction of the housing constraint alters the finding that exchange rate flex-
ibility should be the main tool to absorb the shock. Figure 31 shows that after the low realization of
the productivity shock, the exchange rate appreciates, reducing the consumption of home goods and
thereby the domestic currency value of rents and the land price. As a result, the housing constraint
becomes binding. In light of this problem, the planner imposes a housing macroprudential tax in
period 0 and lowers the policy rate in the period-1 state in which the constraint binds.

The ex post reduction in the policy rate helps reduce the size of the necessary housing macropru-
dential tax, which reduces the distortion in the land market. However, the reduction in the policy
rate generates distortions elsewhere: there is a destabilization of imports across states and periods,
and the lower AD wedge indicates positive price and AD pressures.

Ex ante capital controls are negative because the planner tries to induce higher consumption in
period 0, which can raise rents so that the linear housing subsector can repay inherited debt more
easily before the shock hits. Ex post capital control subsidies are provided when the constraint
binds. These subsidies indicate that for the specific parameterization in the simulation, the policy
rate reduction to support the housing sector causes an excessive exchange rate depreciation: while
some depreciation is helpful in supporting the domestic currency value of rents and the land price,
a large depreciation can move the exchange rate far from the level which optimally balances the im-
port/export substitution margin against housing sector support. Capital control subsidies are needed
to attract inflows and limit the depreciation. If capital controls are available, (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.

Figure 32 shows the allocations if consumer macroprudential taxes are allowed but capital con-
trols are not. Relative to capital controls, consumer macroprudential taxes have advantages and

disadvantages. The advantage is that the planner can set a low policy rate in period 0 to reduce
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the interest burden on inherited debt for the housing sector before the shock hits, while applying
positive consumer macroprudential taxes on households so that their consumption levels are not
destabilized. The disadvantage is that in the absence of capital controls, inflow subsidies cannot be
provided to limit the depreciation after the period-1 policy rate reduction. Instead, there is a role for
FX sales, ie., (B2 + FX1;) < 0, to limit the depreciation, but this intervention comes at a carry cost.

Under PCP, the main results from DCP continue to hold.

Result 13. Countries with high housing debt may experience fire sales in the housing sector after adverse
productivity shocks. These countries should impose an ex ante housing macroprudential tax and they
should lower the policy rate when the housing constraint binds. They may also need to undertake capital

controls and/or EX intervention when the constraint binds.

Remark 14. FX intervention is less efficient than capital controls at limiting depreciations after policy

rate reductions which are aimed at relaxing the housing constraint.

6.2.2 Commodity Price Shocks

We consider permanent shocks to the dollar price of commodities, P}, = P7,. Since our focus here
is on domestic rather than external debt, we show figures only for a low initial level of unhedged
external FX debt, By = 0.

Under DCP, the housing constraint does not necessarily bind after low realizations of commodity
prices. The reason is that although the shock makes the domestic economy poorer relative to the
rest of the world, which tends to reduce the level of imports and rents, the large exchange rate
depreciation associated with DCP substantially increases the domestic currency value of rents and
the land price. In figure 33, rents and the land price are actually higher after low commodity price
realizations than after high ones, so the housing constraint does not bind after low realizations.

In commodity exporters, exchange rate flexibility not only benefits the country by optimizing
the import/export substitution margin for consumption and stabilizing non-commodity-sector em-

ployment, but it also has an additional benefit in helping domestic credit markets avoid binding
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constraints.

Under PCP, the same qualitative mechanisms apply as in the DCP case, but the exchange rate
depreciation is smaller after low realizations of commodity prices. There is still some depreciation,
which increases the period-2 land price and filters back to a higher period-1 land price as well. How-
ever, rents may end up being lower owing to the economy being poorer relative to the rest of the

world. As a result, there is more chance of a binding housing constraint under PCP.

Result 14. Countries with large commodity sectors and DCP may not necessarily suffer from binding

housing sector constraints after low realizations of commodity prices.

Remark 15. Low commodity price realizations are more likely to generate binding housing sector con-

straints under PCP than DCP.

6.3 Financial Shocks

In this subsection, we consider both domestically- and externally-generated shocks which affect
borrowing/lending transactions on two dimensions: between domestic banks and the rest of the

world; and between different domestic agents.

6.3.1 World Interest Rate Shocks

We consider a shock to the value of the world interest rate, (1 + 7).

Under DCP, the housing constraint does not necessarily bind after high realizations of the world
interest rate. The reason is that in response to the shock, the exchange rate depreciates substantially
in period 1 and then appreciates substantially in period 2, as shown in figure 34. The period-2 appre-
ciation reduces the domestic currency value of the period-2 land price, which filters through to a low
period-1 land price as well and tends to tighten the constraint. However, the period-1 depreciation
bolsters the domestic currency value of rents, which tends to relax the housing constraint. Again, as
in the case of the commodity price shock, exchange rate flexibility not only addresses price and AD

pressures, but also helps stabilize domestic credit markets.
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Under PCP, the same qualitative mechanisms apply as in the DCP case, but the exchange rate
depreciation is smaller after high realizations of the world interest rate. As a result, there is a smaller
boost to the domestic currency value of rents, which means that the housing constraint does occa-

sionally bind in our simulations when the world interest rate increases.

Result 15. Countries with DCP may not necessarily suffer from binding housing sector constraints after

high realizations of the world interest rate.

Remark 16. High world interest rate realizations are more likely to generate binding housing sector

constraints under PCP than DCP.
6.3.2 Foreign Appetite Shocks

A foreign appetite shock is a shock to the value of S;. Countries with deep FX markets are not
affected by this shock, so there is no risk of the housing constraint becoming binding. However,
countries with shallow FX markets are affected.

Under DCP, capital controls are more effective than consumer macroprudential taxes in stabiliz-
ing the housing sector after foreign appetite shocks. Figure 35 shows the relevant comparison. The
dashed lines show the allocations with capital controls but without consumer macroprudential taxes.
They confirm the result from subsection 5.3.2 that countries with shallow FX markets can fully stabi-
lize allocations using a combination of capital controls and FX intervention. Capital inflow subsidies
after negative foreign appetite shocks raise returns to foreigners without requiring any change in the
policy rate. If there is no change in the policy rate, there is no variation of rents and the land price
across period-1 states, so the housing sector is fully stabilized with no risk of binding constraints.
Therefore, there is no need for an ex ante housing macroprudential tax.

After foreign appetite shocks in countries with shallow FX markets, capital controls and FX in-
tervention together prevent transmission of the shocks not only into AD pressures but also into the
housing sector. This result extends our previous finding on the benefits of these instruments for

monetary autonomy. The policy rate can focus on domestic sources of price pressures, ignoring not
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only the direct effect of the external shocks onto households’ borrowing and demand, but also any
indirect effect through the housing market.

The solid lines show the allocations if consumer macroprudential taxes are allowed but capital
controls are not. To replicate the loosening of capital controls after negative foreign appetite shocks,
the planner needs to raise the policy rate for intermediaries while loosening consumer macropru-
dential taxes for households. However, the higher policy rate causes a crash in house prices and as a
result may make the housing constraint bind. To remedy this problem, the planner finds it optimal
to support the housing sector by raising the policy rate by less than would be necessary to fully
stabilize the exchange rate. As a result, macro allocations are partially destabilized by the foreign
appetite shock. In addition, the planner optimally imposes an ex ante housing macroprudential tax.

Under PCP, the main results from DCP continue to hold.

Result 16. Countries with shallow FX markets and high housing debt, but without access to capital
controls, should impose higher ex ante housing macroprudential taxes if there is a possibility of foreign

appetite shocks. Macro allocations are not stabilized after such shocks.

Remark 17. Countries with deep FX markets, and countries with shallow FX markets and the ability
to use both capital controls and FX intervention, can set ex ante housing macroprudential taxes indepen-

dently of the possibility of foreign appetite shocks.

6.3.3 Housing Debt Limit Shocks

A housing sector debt limit shock is a shock to the value of 1, the pledgability parameter in the
linear housing subsector’s borrowing constraint when they borrow from domestic banks. A decline
in kp; reflects either a downgrade in the perceived creditworthiness of the housing sector, or a
reversal in the ability of domestic banks to extend credit to anyone to purchase land.

Under DCP, external adjustment turns out to be necessary to handle this domestically-generated
shock. Indeed, countries with open economies possess policy instruments to be used in addition to,

and perhaps instead of, the domestic policy instruments usually assigned to handle domestic housing
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sector shocks in closed-economy contexts.

The dashed line in figure 36 shows the allocation when the exchange rate is pegged and no policy
instruments 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
macroprudential tax to address the pecuniary production externality.

The solid line in the figure shows the allocation when the exchange rate is flexible. 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 k1 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.*

Figure 37 provides the allocations when more policy instruments are available. The dashed 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. As we observed
for the productivity shock, this monetary loosening comes at the cost of a lower AD wedge, indi-
cating positive price and AD pressures. The sign of the ex ante capital inflow tax is similar to that
in the case of the productivity shock, and for the same reason. For the specific parameterization in
the simulation, the policy rate reduction to support the housing sector again causes an excessive
exchange rate depreciation, so capital control subsidies are needed to attract inflows and limit the
depreciation. If capital controls are available, (Bs + F'.X ;) is kept at zero in both period-1 states,

establishing that FX intervention is used solely to minimize external premia and not otherwise to

#The upper bound on land use in the linear subsector, i.e., Léme‘” < 1, corresponds to a lower bound on the ex ante
housing macroprudential tax, i.e., 95inee" > 0.
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influence the exchange rate.

The solid 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.

Under PCP, the main results from DCP continue to hold.

Result 17. Countries with high housing debt that are subject to housing debt limit shocks should lower
the policy rate and depreciate the exchange rate after such shocks, and may or may not need to impose
an ex ante housing macroprudential tax. They may also need to undertake capital controls and/or FX

intervention when the constraint binds.

Remark 18. FX intervention is less efficient than capital controls at limiting depreciations after policy

rate reductions which are aimed at relaxing the housing constraint.

6.4 Domestic and External Borrowing Constraints

Many countries, especially emerging markets, may find themselves vulnerable to two kinds of occasionally-
binding borrowing constraints: domestic and external. This topic has been the subject of both theo-
retical 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 nontradable assets such as housing, so the constraints become re-
laxed as the policy rate is reduced and the exchange rate depreciates. External borrowing constraints

typically feature dollar-denominated debt which may be collateralized using some element of domes-
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tic production, so the constraints become tighter as the exchange rate depreciates and the dollar value
of domestic collateral declines.
In this subsection, we explore whether and how these borrowing constraints may interact with

each other within our model framework.
6.4.1 Housing Debt Limit Shock to Bank Constraint

In subsection 6.3.3, we established that the exchange rate is optimally depreciated to relax the housing
sector constraint after a low realization of the value of k1, the parameter summarizing the linear
housing subsector’s ability to pledge land as collateral. Such a depreciation poses no problems for
countries with no initial unhedged external FX debt, i.e., By = 0, but it may cause external constraints
to bind for countries with high initial unhedged external FX debt, i.e., By > 0.

Under DCP, the depreciation may indeed cause the external constraint to bind. Figure 38 shows
the allocations with both domestic and external constraints binding in the same period-1 state. The
planner relaxes the banks’ external constraint 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, for a reason similar to that in subsection 5.3.3: once the banks’ debt limit binds, the
interest rate p; in the households’ Euler condition and the housing sector’s no-arbitrage condition
becomes disconnected from the policy rate 7;, so the latter can be used to manage the exchange rate.
Therefore, the planner sets (B + F' X I;) to zero.

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 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 4.3.3.
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Result 18. Countries with high housing debt and external FX debt should use the policy rate to set the
ex post exchange rate to the level that balances the tightness of domestic and external constraints after
housing debt limit shocks which cause all external constraints to bind. They may or may not need to
impose an ex ante housing macroprudential tax, but they should impose ex ante capital controls and

help reduce the housing sector’s interest burden.

Remark 19. After debt limit shocks, FX intervention is used to absorb external premia but not otherwise

to influence the exchange rate.

Remark 20. For countries with high housing debt and external FX debt, ex ante capital controls are

larger under DCP than PCP.
6.4.2 Extension: Housing Debt Limit Shock to Household Constraint

In this subsection, we extend the model to generate an interesting role for FX intervention when
both domestic and external constraints are binding. In the previous subsection, the only role for ex
post FX intervention is to absorb external premia, never to influence the exchange rate at the cost of
generating external premia. The reason is that once the external constraint binds, the policy rate 7;
becomes available to manage the exchange rate costlessly, as it is no longer inside the optimization
conditions of domestic agents.

We extend the model by assuming that domestic households and domestic housing firms use
different banks, so it is possible for some of those banks to be externally constrained while others
are not. In particular, we trace out the implications for allocations if a low realization of the value
of k1 causes external debt limits to bind only for those banks which are lending to households. In
the set of constraints and FOCs summarized in Appendix A.2, the external constraint of all domestic
banks is replaced by the external constraint of only those banks which lend to households, which in

equilibrium can be rearranged as follows:
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one equation per period-1 state s; [V ]

where the last term represents the housing rents which are no longer cancelled out by any aggrega-
tion over households and banks.

The policy rate 7; is no longer inside the optimization conditions of domestic households, but it
still remains inside the optimization conditions of the domestic housing sector. We also assume that
capital controls are not available, as we have seen above that capital controls may be more efficient
than FX intervention for the purpose of inserting a gap between the policy rate and external premia.
Consumer macroprudential taxes are available instead.

Under DCP, the depreciation may indeed cause the external constraint to bind. Figure 39 also
shows that there is also an interesting role for FX intervention when both domestic and external con-
straints are binding. The planner knows that the policy rate does affect some domestic activity, and
should be reduced to relax the domestic housing constraint. On the other hand, lowering the policy
rate for international financial intermediaries causes a depreciation which tightens the external con-
straint. FX sales can help limit the depreciation, and the planner accordingly sets (Bs + F X 1;) < 0.

Under PCP, the main results from DCP continue to hold.

Result 19. Countries with high housing debt and external FX debt, but without access to capital controls,
should use the policy rate and FX sales to set the ex post exchange rate to the level that balances the
tightness of domestic and external constraints if housing debt limit shocks cause some but not all external

constraints to bind.
6.4.3 Bank Debt Limit Shock to Housing Constraint

Returning to the baseline framework, we consider as our final experiment the possibility that a shock

to banks’ external debt limits, i.e., to the value of k1, may cause domestic housing constraints
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to bind. This time we begin with PCP and then proceed to DCP to highlight how the difference
in exchange rate volatility under PCP and DCP that we identified in subsection 4.3.3 affects the
transmission channel from the external to the domestic constraint.

Under PCP, the banks’ debt limit shock may indeed cause the domestic housing constraint to
bind. Figure 40 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 4.3.3 that after the banks’ debt limit shock, the exchange
rate is more depreciated and yet the external constraint is also more relaxed. Figure 41 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 are lower under DCP than PCP.
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Result 20. Countries with high housing debt and external FX debt whose banks are vulnerable to exter-
nal debt limit shocks should impose positive ex ante capital controls and ex ante housing macroprudential

taxes.

Remark 21. For countries with high housing debt and external FX debt and vulnerability to external
debt limit shocks, ex ante capital controls are larger under DCP than PCP, but ex ante housing macro-

prudential taxes are lower under DCP than PCP.

6.5 Extension: Limits to Regulation

The above subsections assumed that all linear housing subsector firms borrow only from domestic
banks, and these banks are the sole domestic counterparties of the international financial interme-
diaries. If so, then housing macroprudential taxes are able to achieve full coverage of the linear
subsector’s debt transactions. In this subsection, we consider the joint use of housing macropru-
dential taxes and housing-sector-specific capital controls when there is imperfect coverage of that
subsector. As in subsection 4.4, we consider two forms of imperfect coverage, but this time applied
to housing taxes and the linear subsector.

First, housing macroprudential taxes may cover a subset of linear housing subsector firms while
the remainder of them borrow directly from international financial intermediaries instead of bor-
rowing from domestic banks. For simplicity, we assume that the form of the borrowing constraint
is identical for all the linear subsector firms. In this case, the housing macroprudential taxes are
an imperfect substitute for housing-sector-specific capital controls. The planner should set housing

macroprudential taxes, 05", for domestically-regulated firms in the linear subsector of a magni-

tude pinned down by (38), and should set capital controls, ¢4, on intermediaries lending to the

other firms in the linear subsector of the following magnitude:

eLinear
%inear _ Rt ( 45)
t - Linear *
1+ 05

Second, all linear housing subsector firms may officially be regulated by housing macroprudential
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taxes, but they can circumvent the taxes and issue debt directly to international financial intermedi-
aries. For simplicity, we again assume that the form of the borrowing constraint is identical for all
the linear subsector firms. In this case, housing macroprudential taxes and housing-sector-specific

capital controls are perfect complements. For housing macroprudential taxes, 0%, to be effec-

tive at all, these taxes need to be complemented by housing-sector-specific capital controls, pkineer,
following the above expression.

More generally, imperfect coverage by domestic macroprudential taxes on a specific sector should

be remedied by the use of sector-specific capital controls, and vice versa.

Result 21. Capital controls and housing macroprudential taxes are imperfect substitutes if housing
macroprudential taxes do not cover all housing sector firms who are vulnerable to borrowing constraints,
and they are perfect complements if any housing sector firms who are vulnerable to borrowing constraints
can circumvent the macroprudential taxes via cross-border transactions which are not intermediated

through the domestic banking system.

6.6 Summary

Most advanced economies and a growing number of emerging markets have high levels of domestic
debt which may trigger binding domestic borrowing constraints after domestic and external shocks.
Housing debt is often a large component of this domestic debt. Housing frictions are relevant for
macro allocations if the housing sector cannot be perfectly regulated (i.e., some housing firms such
as our concave subsector are beyond the regulatory perimeter) and if the housing sector borrowing
capacity is limited (e.g., with an upper limit given by the price of collateralized land).

Analyzing a small open economy with a housing sector allows us to identify how and whether
external adjustment tools should be used to complement the domestic policy tools which have typ-
ically been recommended for housing sector stabilization in closed-economy contexts. The use of
these external adjustment tools may justify a deviation from the traditional Mundell-Fleming pre-

scription of relying solely on the domestic policy rate and exchange rate flexibility for some shocks
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and country characteristics, while bolstering the prescription in other cases.

The following themes emerge from the above analysis on constrained efficient policy responses.

Firstly, for some shocks, exchange rate flexibility may mitigate or prevent housing constraints
from binding. After adverse commodity price shocks, increases in world interest rates, and bank debt
limit shocks, for example, exchange rate depreciations bolster rents and the land price and help relax
housing constraints if this housing sector support is not offset by a reduction in rents. This result
represents an extension of the benefits of exchange rate flexibility: it not only benefits the country by
optimizing the import/export substitution margin for consumption and stabilizing non-commodity-
sector employment, but it also has an additional benefit in helping domestic credit markets avoid
binding constraints. For countries with vulnerability to housing sector debt limit shocks, contrary
to the intuition of the closed-economy literature, ex post exchange rate flexibility may even remove
the need for housing macroprudential taxes in normal times, even though it does not eliminate the
housing constraint.

Secondly, for other shocks, exchange rate flexibility may not be sufficient or may even tighten
housing constraints, e.g., after productivity and foreign appetite shocks. In these circumstances,
countries should use not just domestic instruments but also external adjustment tools to handle hous-
ing constraints, deviating from the Mundell-Fleming prescription even if the origin of the shocks is
purely domestic. Countries with high housing debt may optimally use a combination of housing
macroprudential taxes in normal times coupled with policy rate reductions and exchange rate de-
preciations when housing constraints bind. If the policy rate reduction causes a depreciation that is
too large relative to the level that optimally balances the import/export substitution margin against
housing sector support, then capital inflow subsidies or FX sales (with the latter instrument being
less efficient than the former) should be used to limit the depreciation. If the depreciation is too
small, then capital inflow taxes or FX purchases are the appropriate response.

Thirdly, the set of available policy instruments matters for the stabilization of the housing sector.

After foreign appetite shocks, the enhancement of monetary autonomy through the joint use of
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capital controls and FX intervention is further strengthened in a model with a housing market: the
policy rate can focus on domestic sources of price pressures, ignoring not only the direct effect
of these shocks onto households’ borrowing and demand, but also any indirect effect through the
housing market. In the absence of capital controls, the planner can try to replicate the loosening of
capital controls after negative foreign appetite shocks by raising the policy rate for intermediaries
while loosening consumer macroprudential taxes for households. However, the higher policy rate
causes a crash in house prices and as a result may make the housing constraint bind. Therefore, if a
country has shallow FX markets and no access to capital controls, the planner needs to impose higher
ex ante housing macroprudential taxes because of unavoidable instability from the global financial
cycle.

Fourthly, domestic and external constraints may interact with each other if countries have both
high housing debt and high external FX debt. After domestic housing sector debt limit shocks, the
planner optimally depreciates the exchange rate to support the domestic currency value of rents and
the land price, but the exchange rate depreciation may make external constraints bind. If so, there is
limited room for manuever ex post. Countries should use the policy rate to set the ex post exchange
rate to the level that balances the tightness of domestic and external constraints. They may or may
not need to impose an ex ante housing macroprudential tax, but they should impose ex ante capital
controls and help reduce the housing sector’s interest burden. After bank external debt limit shocks,
there is optimally a large exchange rate depreciation which tends to bolster the housing sector, but
an increase in the borrowing rate and a decrease in household consumption which tend to reduce
rents and the land price, and the latter effects may outweigh the former ones to make the housing
constraint bind.

Fifthly, the pricing paradigm matters for both the likelihood of housing constraints after individ-
ual shocks and for the interaction between domestic and external constraints. Since exchange rate
depreciations are optimally larger under DCP than PCP after adverse commodity price shocks and

after increases in world interest rates, and since these depreciations support the housing sector, it
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is less likely that the housing constraint binds under DCP. After the bank external debt limit shock,
the exchange rate is more depreciated (so there is a larger boost to the domestic currency value of
rents and the land price under DCP than PCP) and yet the external constraint is also more relaxed
(so the borrowing rate for domestic agents is lower under DCP than PCP). Therefore, while ex ante
capital controls are larger under DCP than PCP, ex ante housing macroprudential taxes are lower
under DCP than PCP.

Finally, housing macroprudential taxes and housing-sector-specific capital controls may appear at
first glance to be substitutes for each other, but in practice, they should be used in a complementary
fashion to minimize gaps in coverage. Countries should seek to influence the debt levels of any
leveraged agents in the housing sector who may be vulnerable to domestic borrowing constraints in

the future.

7 Conclusion

In this paper we have built a model of a small open economy that features real and nominal frictions.
We have used this framework to characterize the optimal integrated use of monetary policy, capital
controls, FX intervention, and macroprudential policy for different shocks and country characteris-
tics. We allowed countries to differ in terms of their currency of trade invoicing, external debt levels,
degree of currency mismatches, external and domestic borrowing constraints, and the depth of their
FX markets. As a general principle, we have established that not just the number but the workings
of individual policy instruments matter. In addition, instruments interact with each other in com-
plex, sometimes unexpected, ways, making it essential that they are considered jointly. Finally, we
have found that there is no strict assignment of domestic policies (policy rate and macroprudential
debt taxes) to domestic shocks and domestic frictions, or external policies (capital controls and FX
intervention) to external shocks and external frictions.

We have built a comprehensive framework that integrates several frictions and policy tools, but

as is true for any model, it does not feature all aspects of the real world. First, country character-
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istics can be endogenous to policy actions, particularly in the long term. For example, it is possible
that the private sector tends to take on more currency mismatches in countries with high stocks of
FX reserves, if there is an expectation that these reserves will be used in a manner to excessively
stabilize the exchange rate after all future shocks. It is also possible that the development of FX
markets is hindered through the use of capital controls or FX intervention, if the instruments affect
not just the optimal level of debt but also the possibility of market entry. Second, considerations of
imperfect policy credibility may call for using fewer rather than more instruments until the country
builds credibility, and the policy trade-offs may be different during this transition. Finally, we have
analyzed the optimal policy problem from the perspective of a small open economy, but spillovers
and spillbacks should be considered when assessing the cost and benefits of policies from a global
perspective.

Several practical challenges may arise when it comes to implementing policies in an integrated
fashion. First, the policies considered in this paper may be assigned to different agencies in some
countries, and coordination between them may be imperfect. Second, the identification of shocks
in real time may be difficult. Third, while each policy tool could have its own merit in certain cir-
cumstances as outlined in this paper, in practice central banks will need to consider how to carefully
incorporate multiple objectives and tools into their policy and communication strategy, as well as
their operational framework. Central banks affect the economy both through their immediate pol-
icy actions and the impact of their announcements on the public’s expectations about future policy
actions. The stabilization of expectations requires clear and sustained communication of how policy
tools will be used in different states of nature in the future, and how to verify that the central bank is
honoring its previous promises. With multiple instruments, this communication problem becomes

more complex, and transitional arrangements may be necessary.
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Figure 5: Productivity Shock under PCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under PCP with deep FX markets.
The shock hits at date-1 and is calibrated as A; € [0.75,1.5]. This calibration of the shock neutralizes the intertemporal
TOT externality.
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Figure 6: Productivity Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under DCP with deep FX markets.
The shock hits at date-1 and is calibrated as A; € [0.75,1.5]. This calibration of the shock neutralizes the intertemporal

TOT externality.
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Figure 7: Commodity Price Shock under PCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with deep FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5].

97



Figure 8: Commodity Price Shock under PCP with Deep FX Markets and High External Debt
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with deep FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. Initial external debt is set as By = 0.6
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Figure 9: Commodity Price Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with deep FX

markets in presence of borrowing constraints. The shock hits at date-1 and is calibrated as P}, € [0.75,1.5].
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Figure 10: Commodity Price Shock under DCP with Deep FX Markets and High External Debt
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under DCP with deep FX

markets in presence of borrowing constraints. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. Initial external
debt is set as By = 0.6
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Figure 11: Interest Rate Shock under PCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a world interest rate shock under PCP with deep FX markets. The
shock hits at date-1 and is calibrated as (1 +4}) € [1,1.5].
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Figure 12: Interest Rate Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a world interest rate shock under DCP with deep FX markets.
shock hits at date-1 and is calibrated as (1 +4}) € [1,1.5].

102



Figure 13: Debt Limit Shock under PCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under under PCP with deep FX markets. The
shock hits at date-1 and is calibrated as k1 € [0.025, 10] such that the constraint binds in the case of a bad realization of

the shock but not after a good realization.
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Figure 14: Debt Limit Shock under DCP with Deep FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under under DCP with deep FX markets. The
shock hits at date-1 and is calibrated as k1 € [0.025, 10] such that the constraint binds in the case of a bad realization of

the shock but not after a good realization.
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Figure 15: Productivity Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under PCP with shallow FX mar-
kets. The shock hits at date-1 and is calibrated as A; € [0.8,1.5]. This calibration of the shock neutralizes the intertemporal
TOT externality.
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Figure 16: Productivity Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent productivity shock under DCP with shallow FX mar-
kets. The shock hits at date-1 and is calibrated as A; € [0.8,1.5]. This calibration of the shock neutralizes the intertemporal

TOT externality.
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Figure 17: Commodity Price Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5].
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Figure 18: Commodity Price Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under DCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5].
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Figure 19: Commodity Price Shock under PCP with Shallow FX Markets and High External Debt
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Notes: This figure plots the responses of key variables to a permanent commodity price shock under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. Initial external debt is set as By = 0.6
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Figure 20: Commodity Price Shock under DCP with Shallow FX Markets and High External Debt

Exchange rate Imports Home traded consumption

0.2 2.5 0.3

D

157
0 0.1
0 0.5 1 15 2 0 0.5 1 15 2 0 0.5 1 15 2
05 Employment 0.8 Domestic debt converted in FX Bank multiplier
0.04
0.7t
04 ] X
O.Q ) 0.02
0.3
057t
0.00 O
0.2 0.4
0 0.5 1 15 2 0 0.5 1 15 2 0 0.5 1 15 2
AD wedge TOT wedge UIP wedge
0.5 0 0.5
0.4 )
0 — Y 0 Q)

0.2 1 )

0.1 -1 -0.5
0 0.5 1 15 2 0 0.5 1 15 2 1 15 2

Policy rate Capital controls FX intervention
0.4 0.1 0.5

0.3

0.1

+ Low comm. price —@— High comm. price

Notes: This figure plots the responses of key variables to a permanent commodity price shock under DCP with shallow FX
markets. The shock hits at date-1 and is calibrated as P}, € [0.75, 1.5]. Initial external debt is set as By = 0.6
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Figure 21: Interest Rate Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a shock to the world interest rate under PCP with shallow FX
markets. The shock hits at date-1 and is calibrated as (1 + i}) € [1,1.5].
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Figure 22: Interest Rate Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a shock to the world interest rate under DCP with shallow FX
markets. The shock hits at date-1 and is calibrated as (1 + i}) € [1,1.5].
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Figure 23: Foreign Appetite Shock under PCP with MP and CC
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Notes: This figure plots the responses of key variables to a foreign appetite shock under PCP with shallow FX markets,
monetary policy (MP) and capital controls (CC). The shock hits at date-1 and is calibrated as .S; € [—0.5,0.5].
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Figure 24: Foreign Appetite Shock under PCP with MP, CC, and FXI
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Notes: This figure plots the responses of key variables to a foreign appetite shock under PCP with shallow FX markets,
monetary policy (MP), capital controls (CC), and FX intervention (FXI). The shock hits at date-1 and is calibrated as S; €

[—0.5,0.5].
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Figure 25: Foreign Appetite Shock under DCP with MP and CC
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP) and capital controls (CC). The shock hits at date-1 and is calibrated as .S; € [—0.5,0.5].
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Figure 26: Foreign Appetite Shock under DCP with MP, CC, and FXI
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP), capital controls (CC), and FX intervention (FXI). The shock hits at date-1 and is calibrated as S; €
[-0.5,0.5].
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Figure 27: Debt Limit Shock under PCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under PCP with shallow FX markets. The shock
hits at date-1 and is calibrated as k1 € [0.025, 10] such that the constraint binds in the case of a bad realization of the

shock but not after a good realization.
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Figure 28: Debt Limit Shock under DCP with Shallow FX Markets
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Notes: This figure plots the responses of key variables to a debt limit shock under DCP with shallow FX markets. The shock
hits at date-1 and is calibrated as k1 € [0.025, 10] such that the constraint binds in the case of a bad realization of the

shock but not after a good realization.
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Figure 29: Debt Limit Shock under DCP and Banning FX Exposures
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Notes: This figure plots the responses of key variables to a debt limit shock under DCP with shallow FX markets, banning
of open FX positions. The shock hits at date-1 and is calibrated as € [0.025, 10] such that the constraint binds in the case

of a bad realization of the shock but not after a good realization.
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Figure 30: Foreign Appetite Shock under DCP with MP, CC, and Banning FX Exposures
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets,
monetary policy (MP), capital controls (CC) and banning of open FX positions. The shock hits at date-1 and is calibrated as
S1 € [-0.5,0.5].
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Figure 31: Productivity Shock under DCP with Housing Sector Frictions (With Capital Controls)
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Notes: This figure plots the responses of key variables to a productivity shock under DCP with shallow FX markets and

housing debt taxes. The shock hits at date-1 and is calibrated as A; € [0.8, 1.5].
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Figure 31: Productivity Shock under DCP with Housing Sector Frictions (With Capital Controls) 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
housing sector frictions. The shock hits at date-1 and is calibrated as 4; € [0.8, 1.5].
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Figure 32: Productivity Shock under DCP with Housing Sector Frictions (With Consumer Debt Taxes)
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Notes: This figure plots the responses of key variables to a productivity shock under DCP with shallow FX markets and

housing sector frictions. Capital controls have been turned off. The shock hits at date-1 and is calibrated as A; € [0.75, 1.5].
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Figure 32: Productivity Shock under DCP with Housing Sector Frictions (With Consumer Debt Taxes) 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
housing sector frictions. Capital controls have been turned off. The shock hits at date-1 and is calibrated as A; € [0.75, 1.5].
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Figure 33: Commodity Price Shock under DCP with Housing Sector Frictions (With Capital Controls)
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Notes: This figure plots the responses of key variables to a commodity price shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as Py, € [0.75, 1.5].
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Figure 33: Commodity Price Shock under DCP with Housing Sector Frictions (With Capital Controls) cont.
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Notes: This figure plots the responses of key variables to a commodity price shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as P}, € [0.75,1.5].
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Figure 34: Interest Rate Shock under DCP with Housing Sector Frictions (With Capital Controls)
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Notes: This figure plots the responses of key variables to an interest rate shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as (1 + i}) € [1, 1.5].
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Figure 34: Interest Rate Shock under DCP with Housing Sector Frictions (With Capital Controls) cont.
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Notes: This figure plots the responses of key variables to an interest rate shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as (1 + i}) € [1, 1.5].
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Figure 35: Foreign Appetite Shock under DCP with Housing Sector Frictions
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as S; € [—0.5, 0.5].
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Figure 35: Foreign Appetite Shock under DCP with Housing Sector Frictions cont.
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Notes: This figure plots the responses of key variables to a foreign appetite shock under DCP with shallow FX markets and
housing sector frictions. The shock hits at date-1 and is calibrated as S; € [—0.5,0.5].
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Figure 36: Housing Debt Limit Shock under DCP with Housing Sector Frictions
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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. Solid lines: housing debt taxes and flexible exchange rates; dashed lines: housing debt taxes

and fixed exchange rates. The shock hits at date-1 and is calibrated as k1,1 € [0.025, 10].
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Figure 36: Housing Debt Limit Shock under DCP with Housing Sector Frictions cont.
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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. Solid lines: housing debt taxes and flexible exchange rates; dashed lines: housing debt taxes

and fixed exchange rates. The shock hits at date-1 and is calibrated as k1,1 € [0.025, 10].
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Figure 37: Housing Debt Limit Shock under DCP with Housing Sector Frictions
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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. 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 37: Housing Debt Limit Shock under DCP with Housing Sector Frictions cont.
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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. 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 38: 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 38: 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 housing debt limit shock under DCP with shallow FX markets
and and housing sector frictions. The shock hits at date-1 and is calibrated as k1,1 € [0.025, 10].
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Figure 39: Housing Constraint Spilling Over to Households” 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 39: Housing Constraint Spilling Over to Households” Constraint under DCP cont.
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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 and housing sector frictions. The shock hits at date-1 and is calibrated as k1 € [0.025,10].

138



Figure 40: Banks’ Constraint Spilling Over to Housing Constraint under PCP

Exchange rate

Imports

Home traded consumption

25
0.14
0.23
0-1§ 0.22 >
2
01f > o.2ﬁ§
0.2
0.08
* 15 0.19
0 0.5 1 1.5 0 0.5 1 15 2 0 0.5 1 15 2
0.36 Employment Domestic debt converted to FX 02 Bank multiplier
0.6 N o
0.34 0.4
Q 00 O
0.2
032
0 -0.1
0.3 -0.2 -0.2
0 0.5 1 1.5 0 0.5 1 15 2 0 0.5 1 15 2
AD wedge TOT wedge UIP wedge
0.45 T -0.5 T 0.5 T
0.40 -O.Eé
0.3552 0.7 2 0.0 Wi)
0.30 -0.8
0.25 * * * -0.9 * * -0.5 *
0 0.5 1 1.5 0 0.5 1 1.5 2 1 1.5 2
Policy rate Capital controls FX intervention
0.4 0.10 0.2
0
o.ﬁ 0.05
D o
0.0 '
00
-0'46 ]
-0.05
02}t -0.6 >
-0.10
0 0 1 0 1
—>¢— Low limit ——— High limit

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 40: 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 41: 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 41: 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
ap 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
15} 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
Pz, Initial dollar price of commodity exports 1 1 1
0 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
Lo 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
A Productivity [0.75,1.5] | [0.8, 1.5] [0.8, 1.5]
Pz, Commodity price [0.75,1.5] | [0.75,1.5] [0.75, 1.5]
0 World interest rate [0, 0.5] [0, 0.5] [0, 0.5]
K Bank Debt limit [0.025, 10] | [0.025, 10] [0.025, 10]
K11 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
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+ 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
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(1+i*,) Bo .
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T [ —Pry [wCG — Crol — P20 A (L +135) +( )ml+ 1— 51
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X2 Lfinear 4 G (1 _ LlLinear)

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

« * -~ near inear
£PF20F2 + q2> (1 — &p1) LT — L{meary

i if capital controls are not permitted
R . .
Xoi1 = PE,Cry if household macroprudential controls
g, { Zit1 op are not permitted
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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 + Z'*_l) 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 Bs = By in order
to normalize the debt path. We fix the dollar value of initial debt repayments for linear subsector housing firms
at (1+i*,) BEireor = — (1+1i*,) BE§"*v°, and the dollar value of the final house price at g», 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:

n . E
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E E
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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]

1
n2FE2 = — FE4, one equation per period-1 state s; [Z4]

8

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

E
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ap B oap
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one equation per period-1 state s; [¥1]

150



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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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:

Oxi  Oxf  Oxi _Oxi  Oxi  Oxa  Ox2 _ Oxo

— — — _ — — _ -0
0CFkg 80;;1 0 Ef BEf aEl_S 0Cr 0CFs 0F,

Oxi _ 9x2 _
oni  One ’

and the following derivatives for the case when consumer macroprudential controls are not permitted:

arp ap OF ;s ap Bl ap __ p=s
i _ Pro(Cro)? ox;  ProCro” P (Csy) ox;  ProCro” B Pr(Cry)
6(3’F0 E {Ef aE }’ oCs E? 2’ 0CL? E? 2
=, pE F1 Z1__ar F1 L1 __ar
BEo Ei Py, Cr1 [BEO {E1 P, Cr1 }} [BEO {El Py Cr1 }}
afp 1 ap =8 aF B E7 > arF__n—$
oxi _ PpoCro” Br® Py Cry Y ox;  ProCro” (Br®) PiyCry 1
- s 2 —s B 2
OE} BEy { Bl _ar OF, BEy { B _ar
O\ E: P5,Cr1 O\ B P5,Crx
Ox2 _ PpCro Ox2 = Ppy Ox2 0 and oxi  Ox2 0
0CF1 BP;, (Cp1)? 0Cp2  BPiCr1’ 0 oni  Ona
We define the following derivatives:
s~ Linear ~ s~ ~s
O(xido) _ G'(1-L§ ) QR px s 4 gy s 00d0) _ 0% s
80;‘1 Lé,inear+G(l_Léinear) ap F1'1 80‘}1 1 80;‘2 80%2 1
o0G@) _ _ F(-Le™™)  ap B’ pe s B0 —s  O0d@) _ By® 06 s
aCH: Léi?bcaT'+G(17L(l);i’ncu’r‘) ap Ej T F171 E3 aCL? 1 aCns E3 o053 1
00Ga) _ __ G(=Le™)  ap B pe oms s _ B oms s 90Gd) _ 04 s
OE; T Lpimeargg(1-LFimeer) ap (By)?T F1TF1TL EHzZD ™ oE3 — 0E3"1
o0Ga@) _ _ G(-Li™™) _ap 1 pr osps g 1gmapcs 00Gd) _ Bi” 04" —s
BEl_S Léinea'f‘_j’_G(l_Lé’inea’r‘) ap E$ F1¥YF1"1 E; 1 1 aEz—s E: BE;S 1
8()(;21\0) _ [7G//(17Lgincar):| B G/(liLéAncar)[17G/(17Lé,inca'r-):| %E &P* CF a(XiaO) _ Bcﬁ s
OLg Lgincavur(;(l,[lgincar) [Lé,inear_‘_G(l_Lé/inear)]Q ar 0 |E; F1 1 on3 ons "1
o0Gm) _ 0@ s o0d@)  _ B’ 05 s O0Gd) _ Fr® 030 s
aLf'Lnear,s aLf'Lnear,s 1> aL{ﬁn,near,f.s EI‘ 6sznear,fs 1 8n2—s Ef 8772—5 1
8@1 i 1 G/ (1 — L%inear) R px C + a\ 6)(2
- 2 Linear Linear F2-F2 2
86(Fl (X2) Ll + G (1 — Ll ) ap 80F1
o1 GO an, Y o
- - > - — 4L po“F2 2
aCFQ (X2)2 L{/Lnear +G (1 _ L%znear) ap aCFQ
/ Linear
+ i G (1 - Ll ) AR S«
X2 L%znear + G (1 o L%znear) ap
66]\1 . 1 G/ (1 — L%inear) aR P* C + a 6X2
- 2 Linear Linear F2-F2 2
O0Fs (X2) Ll + G (1 — Ll ) arp O0Fs
o 1 GL-Li™™)  ampe oo A
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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 (19) 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 (20) 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:

[Zﬁtv <0Ft7 EyP Ft, E;DHFt LLGeaT):| if PCP
t=0

max E.P}, Pj
{Cre.Pu By mesr FX I, LEear} Eo ZB 4 (C' Fty Py P LLmear) if DCP,

WlthPX —PX ([)CF(),{Cpl} {CF2} EO,{El} {EZ} PH)

(1+i*) Bo < Pio [wCs — Cro) + P3oZo
P;'l [LUCik — CFl] + P}lZl — FXIO [’171 — (1 + ZS)]

m
Py wC3 — Cpa] + PoZy — FXI [n2 — (1 +4])] + Bs

mn2
one equation per period-1 state s; [®]

(1 + Z*—l) By < P;‘O [ng — CF()] + PEOZO
Py

P;‘l [wa — CFl] -f—Pngl — FXI [?’]1 — (1 -f—’LS)] n RH1F E,
m m

5

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

r (1+Z*_1)B()+FXI()—SO N - . .
=y < ~ P [wCi — Crol — PioZo ) = Eo [m — (1 4 43)], a single equation [€2]

r (1+i%y) Bo Y FXI, -8
a—n — P [wCi — Crol — PhoZo | ™ o
—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
LL”’P""E-FG(I LL127€07‘) arp ]E'O [E% PF*‘].CFl]

+ Linear
1 By G ( L ) QR p* ~
+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
v (L%inear + G (1 . L{A’near) @PFQCFZ + q2 ((1 — K/Ll) Ll — LO ) ,

(LOLinea'r o LEz'lnear)
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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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