~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Lutz, Flora; Zessner-Spitzenberg, Leopold

Conference Paper

Sudden Stops and Reserve Accumulation in the
Presence of International Liquidity Risk

Beitrdge zur Jahrestagung des Vereins fir Socialpolitik 2020: Gender Economics

Provided in Cooperation with:
Verein flr Socialpolitik / German Economic Association

Suggested Citation: Lutz, Flora; Zessner-Spitzenberg, Leopold (2020) : Sudden Stops and Reserve
Accumulation in the Presence of International Liquidity Risk, Beitrage zur Jahrestagung des Vereins
fur Socialpolitik 2020: Gender Economics, ZBW - Leibniz Information Centre for Economics, Kiel,
Hamburg

This Version is available at:
https://hdl.handle.net/10419/224520

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/224520
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Sudden Stops and Reserve Accumulation in the

Presence of International Liquidity Risk*
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Abstract

We propose a small open economy model where agents borrow internationally
and invest in liquid foreign assets to insure against liquidity shocks, which tem-
porarily shut out the economy of short-term credit markets. Due to the presence
of a pecuniary externality individual agents borrow too much and hold too little
liquid assets relative to a social planner. This inefficiency rationalizes macropru-
dential policy interventions in the form of reserve accumulation at the central bank
coupled with a tax on foreign borrowing. Unless combined with other measures,
a tax on foreign borrowing is detrimental to welfare; it reduces agents’ incentives
to invest in liquid assets and thereby increases financial instability. Our model can
quantitatively match the simultaneous depreciation of the exchange rate and con-
tractions in output, gross trade flows, foreign liabilities and foreign reserves during

sudden stop episodes.
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1 Introduction

Over the last three decades many emerging market economies have experienced surg-
ing gross capital inflows. At the same time, these economies have accumulated large
amounts of liquid foreign assets mainly in the form of foreign exchange reserves. The
fact that emerging markets pay high interest rates to foreign investors while earning
ultra-low returns on their reserves has sparked an intensive debate about the economic
rationale behind this pattern. A prominent empirical literaturdl] argues that emerging
market economies use liquid foreign assets to insure against sharp reversals in capital
flows (Sudden Stops). This literature is successful at explaining observed levels of reserve
accumulation, but fails to address the normative question whether these levels indeed
reflect an optimal intervention by policymakers. Theoretical quantitative models that
study optimal macroeconomic policies, on the other hand, usually abstract from foreign
reserve accumulation; accordingly these models, too, are silent about the optimal holdings
of foreign reserves by the central bank ]

In the present paper we contribute to filling this gap in the literature. We study
optimal macroeconomic policy in a small open economy model, where the central bank’s
policy toolkit includes foreign reserve accumulation. The central feature of our model
is the occurrence of liquidity crises. During these episodes domestic firms lose access to
international markets for unsecured short-term debt to finance imports of intermediate
inputs. Private holdings of foreign currency are useful for firms, since they can serve
as collateral to facilitate transactions with international suppliers when unsecured short-
term financing is unavailable. Scope for policy interventions arises because the overall
borrowing capacity of the economy is tied to the real exchange rate which causes an
inefficiency in the unregulated equilibriumﬁ A pecuniary externality is present since
individual agents do not internalize the effect of their actions on the real exchange rate
and thereby borrowing capacity. Sharp exchange rate depreciations therefore lead to
Sudden Stops in capital flows. As a consequence, a policy maker who internalizes this
fact has an incentive to stabilize the exchange rate through macroprudential interventions.

Our theoretical and quantitative analysis yields three main findings: i) Reserve ac-
cumulation at the central bank is part of an optimal policy mix, as private holdings of
foreign currency are inefficiently low, ii) reserve accumulation interacts non-trivially with
other macroprudential policies, such as capital controls and iii) the model can jointly

account for the level of reserves, foreign borrowing and gross goods flows as well as their

1See e.g.Obstfeld, Shambaugh, and Taylor (2010) and Calvo, Izquierdo, and Loo-Kung (2013).
2Exceptions include Bianchi, Hatchondo, and Martinez (2018), Arce, Bengui, and Bianchi (2019) and
Shousha (2017). We discuss our relation to these studies below.

3This type of borrowing constraint has been widely studied since Mendoza (2002). Our model is most
similar to Bianchi (2011).



dynamics during Sudden Stop episodes.

We show that inefficiencies in private behavior rationalize the observed accumula-
tion of reserves at central banks. During normal times the social planner accumulates
more liquid foreign assets than private agents, but chooses a very similar level of gross
borrowing. Private agents therefore underinvest in foreign reserves and overborrow in
net debt. By accumulating more reserves the planner reduces the depreciation in the
exchange rate from 30% to 15% and the fall in consumption from 8% to 4% a typical
sudden stop episode. An optimal policy mix to decentralize the planner allocation re-
quires an intervention both in private borrowing and liquidity holdings, for example a
tax on debt combined with reserve accumulation at the central bank. If a liquidity shock
occurs the central bank makes its reserves available by acting as a lender-of-last-resort
to support trade and stabilize the exchange rate. In a severe crisis a further intervention
to stabilize the exchange rate becomes necessary: Private agents do not internalize that
they further destabilize the exchange rate by purchasing liquid foreign assets. As a result
private holdings of these assets can be excessive. In this situation the policymaker can
prevent inefficient liquidity hoarding by limiting convertibility of the domestic currency.

A key insight of our analysis is that the presence of liquid assets fundamentally changes
the welfare properties of simple regulatory interventions. A common result in the previous
literature is that simple capital controls in the form of a constant tax on foreign debt can
be used to reduce overborrowing and improve welfare[] Our findings are in sharp contrast:
While a tax on debt can be used to reduce both gross and net foreign borrowing, the tax
also reduces private holdings of liquid assets. This occurs because the tax on debt makes
agents value current consumption more relative to future consumption, which reduces
private incentives to accumulate liquid assets. As a result, the tax fails to improve
financial stability and causes a welfare loss. The intuition behind this result is general
and highly relevant for the design of regulatory interventions: Policies that just aim
at reducing gross borrowing, distort incentives for accumulating liquid assets and can
therefore lead to financial instability. To avoid unintended consequences such policies
have to be combined with liquidity regulation or reserve accumulation.

To study the quantitative success of our model we present a set of stylized facts on
gross goods and capital flows around sudden stop episodes. In particular Sudden Stops
are associated with sharp contractions in imports, exports, gross foreign liabilities and
international reserves. At the same time the real exchange rate strongly depreciates. We
calibrate our model to match selected moments of a set of emerging market economies
and find that the model quantitatively replicates the stylized facts on Sudden Stops.

Further, the model generates observed levels of international borrowing and liquid asset

4See, for example, Jeanne and Korinek (2010), Bianchi (2011), Bianchi and Mendoza (2018).



holdings. We show that the presence of liquidity crises is crucial for the model to match
the patterns in the dataﬂ In the absence of liquidity crises, agents hold no liquid assets in
equilibrium, so neither the level nor the dynamics of international reserves are replicated.
In addition, the model without liquidity shocks fails to match the contractions in gross
goods flows.

Our focus on the role of foreign reserves in facilitating trade in intermediate inputs
is motivated by a number of empirical factsﬁ First, intermediate inputs to production
dominate overall international trade. At least 60% of international trade is in intermediate
inputs. Using OECD data we find that the relevant number in our context is close to
85%. Second, most of trade is not paid for in advance but financed with short-term
debt with maturity below one yearm Third, there is evidence that in times of crisis
emerging market firms’ ability to finance inputs through borrowing is severely restricted
and central bank interventions can be effective in supporting trade.ﬂ Sustaining trade
in intermediate inputs during crises is hence an important reason for emerging markets
to hold liquid reserves, even though clearly not the only one. We nevertheless restrict
attention to this single mechanism, which allows us to obtain clear analytical results in a
model that is able to quantitatively match empirical regularities. Importantly, however,
our normative results are compatible with other explanations for the accumulation of
liquid assets, as long as a pecuniary externality is present and liquid assets have some
positive effect on domestic output during crises. If this is the case the various inefficiencies
in private behavior we identify are present and the result that regulatory interventions
in borrowing interfere with incentives to accumulate liquidity applies.

Our framework builds on the workhorse small open economy model developed by
Mendoza (2002) and its normative analysis in Bianchi (2011)F] Specifically, our model
shares the debt-deflation mechanism and the pecuniary externality arising from the fact
that the borrowing capacity is tied to the value of domestic output. In the setup of
Bianchi (2011), this externality gives rise to overborrowing, which can be addressed by
the social planner through a variety of macroprudential measures, for example a tax on

foreign borrowing. Importantly, however, there is no explicit role for liquid reserves in

>Our model nests the model of Bianchi (2011) as a special case, where no liquidity shocks occur.

6The precautionary demand for foreign reserves to hedge against shocks to the trade balance has been
studied in the economic literature since Heller (1966). We build on this literature but also stress the role
of reserves as insurance against collapse in short-term financing, which is related to modern theories of
reserve demand.

"IMF (2009) provides evidence that around 40% of trade is intermediated through short-term bank
loans and another 40% is direct credit from suppliers to importers.

8We discuss this point in more detail in the literature section below.

9Note that there is a series of related paper that study financial amplification mechanisms and optimal
policy in small open-economy models without an explicit role for liquid foreign reserves(see e.g. Benigno,
Chen, Otrok, Rebucci, and Young, 2013; Jeanne and Korinek, 2018; Bianchi and Mendoza, 2018).



these contributions. We show that the introduction of liquidity crises introduces such a
role, which allows the model to match not only level and dynamics of reserve holdings, but
also gross goods flows during Sudden Stops. Moreover, our model generates novel policy
implications which stress the importance of coordinating capital controls with reserve
accumulation.

Most closely related to this paper are recent contributions which jointly study re-
serve accumulation and emerging market crises in quantitative frameworks, in particular
Arce, Bengui, and Bianchi (2019), Bianchi, Hatchondo, and Martinez (2018) and Shousha
(2017). Arce, Bengui, and Bianchi (2019) show that foreign reserve accumulation can be
used to implement the constrained efficient allocation in the model of Bianchi (2011),
if reserves carry the same interest as foreign borrowing. In their framework, however,
reserves are not useful per se, but are only held by the regulator to offset excessive pri-
vate borrowing. If the return on reserves is below the international interest rate, reserve
accumulation is strictly dominated by other macroprudential policies in their model.
In contrast, we provide a framework where reserve accumulation is part of an optimal
policy mix, even if reserves pay no interest. Bianchi, Hatchondo, and Martinez (2018)
study the optimal accumulation of international reserves in a framework of sovereign
default. Sovereigns issue long-term debt and invest in international reserves simultane-
ously because reserves provide liquid resources in states where borrowing opportunities
deteriorate. Our focus on the other hand lies on studying private borrowing and public
reserve accumulation, which dominate gross capital flows in the data.ﬂ Finally Shousha
(2017) provides a framework where reserves are held by the central bank for their value
as collateral in a liquidity crisis. However, in his framework private decisions are not in-
efficient per se, but individual agents have no access to liquid assets, so reserves are held
at the central bank["] Our model on the other hand rationalizes reserve accumulation
by the policy maker as a macroprudential measure, even though private agents could in
principle insure themselves through the accumulation of liquid assets.

Our study is further related to a several strands of empirical literature that study
role of reserves as insurance against Sudden Stops, the role of trade financing during
these crises and more generally the dynamics of gross capital flows over the business

cycleB The mechanism we focus on is supported by the large amount of descriptive

10See section 2.

1A similar argument holds in the models of Benigno and Fornaro (2012), Caballero and Panageas
(2008), Jeanne and Ranciere (2011) and Jeanne and Sandri (2016) which are more loosely related to
our study. Matsumoto (2019) provides a large quantitative model where reserve accumulation is useful
to address inefficiencies in private behavior. Due to the complexity of the model, however, he does not
study optimal policy and the interaction of reserve accumulation with other policy measures.

120bstfeld, Shambaugh, and Taylor (2010) Calvo, Izquierdo, and Loo-Kung (2013), Milesi-Ferretti and
Tille (2011), Forbes and Warnock (2012), Broner, Didier, Erce, and Schmukler (2013), Avdjiev, Hardy,
Kalemli-Ozcan, and Servén (2017)



and anecdotal evidence on trade financing in emerging market crises collected in Wang
and Ronci (2006)[F] We use the findings from the empirical literature to motivate our
modeling approach and to test the quantitative success of the model. Our equilibrium
analysis allows us to provide insights for the design of macroprudential policies.

We further connect to recent theoretical contributions stressing the precautionary
accumulation of foreign reserves in static setups.@ A common finding in this literature,
which relates to our paper, is that agents who may lose access to external credit in future
periods are willing to invest in liquid assets with low returns. By providing a dynamic
model we can evaluate our theory quantitatively and provide insights into the cyclical
nature of policy interventions.

Several other explanations for the accumulation of international reserves, including
the presence of growth externalities and facilitation of FDI, have been proposed.m We
see our study as complementary to this literature. As we argue above, our normative
findings are compatible with other explanations for the accumulation of liquid assets, if
reserves provide some positive effects on output during a crisis.

Note further that the use of the cash-in-advance constraint on imports follows a well
established literature to explain liquidity holdingsm Recently, such constraints have been
used to explain large liquidity holdings of corporates (Bacchetta, Benhima, and Poilly,
2019) and households (Telyukova, 2013).

Finally, inefficiencies associated with private liquidity choices are also studied in a
literature that focuses on systemic vulnerabilities arising in the banking sector, in static
models without a focus on emerging marketsm Similar to our paper, a key result in
this literature is that private agents hold an inefficiently low amount of liquid assets,
emphasizing the need for liquidity regulation.

The rest of the article proceeds as follows. Section 2 presents the empirical evidence
motivating our analysis and section 3 lays out the model framework and characterizes the
competitive equilibrium. In section 4 we characterize the constrained-efficient allocation
and discuss the inefficiencies present in the competitive equilibrium. Section 5 illustrates

the main insights of our model in a quantitative analysis and section 6 concludes.

13Vaubourg (2016) presents a review of the academic literature on the connection of international trade
and finance. Studies in this literature generally find a strong effect of financial tightening on international
trade during crisis episodes.

“Important contributions include but are not limited to Corneli and Tarantino (2016), Hur and Kondo
(2016), Aizenman and Lee (2008), Jeanne (2016).

15See e.g. Aguiar and Amador (2011), Song, Storesletten, and Zilibotti (2011), Korinek and Servén
(2016), Coeurdacier, Guibaud, and Jin (2015), Bacchetta and Benhima (2012), Jung and Pyun (2016).

6The use of such constraints goes back to Lucas (1982), Lucas and Stokey (1987) and Svensson (1985).

1"Recent contributions include Malherbe (2014), Calomiris, Heider, and Hoerova (2015), Kara and
Ozsoy (2016), Walther (2016), Lutz and Pichler (2017).



2 Sudden Stops, Reserves, Capital and Goods Flows

In this section we present evidence motivating our theoretical analysis. We first provide
an account of the disruption in trade financing and the response by the central bank
during the Indonesian crisis in 1997-1998 and use it to illustrate the central mechanism
in our model. We then provide a set of stylized facts on trade and capital flows for a set of
emerging market crises consistent with this mechanism. In particular we show that both
gross trade flows collapse and reserves flow out during a typical sudden stop episode.

The Asian crises in 1997 began in Thailand and quickly spread to several South-
East-Asian economiesF_g] While the economy of Indonesia had appeared stable in the run
up to the crisis, foreign reserves of Bank Indonesia and the rupiah-dollar exchange rate
started to decline in July 1997. As confidence in the Indonesian economy fell, foreign
suppliers declined import letters of credit issued by domestic banks and foreign banks
cut credit lines to the domestic banking sector. As a result, domestic firms’ access to
trade financing was severely restricted. Imports declined heavily, falling 40% below their
pre-crisis peak, while exports contracted by around 20%. In response, Bank Indonesia
implemented a variety of measures aimed at restoring the flow of trade. Several different
schemes were used to restore the acceptance of letters of credit issued by domestic banks.
In particular, Bank Indonesia deposited parts of its foreign reserves in foreign banks to
serve as collateral. The central bank also intervened by settling trade arrears of troubled
domestic banks in exchange for the opening of new credit lines to the banking sector by
foreign lenders.

In our theoretical model we introduce a mechanism that generates the dynamics of
trade and reserve holdings in Sudden Stops and captures the events above. We formally
introduce this mechanism in the following section and give a simple description here: i)
Suppliers lose confidence in the domestic economy and are only willing to grant short-
term trade credit against safe collateral, i.e. liquid foreign assets. ii) As a result, imports
collapse, leading to a fall in domestic production and exports. iii) Accumulating liquid
foreign assets in advance is useful, because they allow domestic agents to maintain trade
flows. In our normative analysis we show that private agents accumulate inefficiently
low amounts of liquid assets. This rationalizes reserve accumulation at the central bank
during normal times. In the crisis the central bank intervenes by providing its reserves

as collateral to domestic agents.

18The account presented in this section is based on Jacobs (2006), who discusses the events and policy
measures during and after the crisis in much greater detail. We present the case of Indonesia here, but
similar dynamics and policy interventions are reported in Wang and Ronci (2006) for other crises, such
as Brazil 2002-2003.



2.1 Stylized Facts on Goods and Capital Flows

We now present empirical evidence for a set of emerging market crises consistent with
the mechanism described above. Our results follow a recent empirical literature studying
dynamics of gross capital flows in emerging markets.m These studies document (i) that
gross capital flows are large and volatile compared to net flows, (ii) gross as well as net
capital flows are highly pro-cyclical and (iii) gross capital outflows of emerging markets
mainly take the form of international reserves. Avdjiev, Hardy, Kalemli-Ozcan, and
Servén (2017) further decompose capital flows by sectors. They find that the cyclical
behavior of capital flows is mainly driven by private sector borrowing and international
reserves, which are both pro-cyclical. These facts provide support for our focus on private
sector borrowing and a regulator intervening in the accumulation of liquid assets.

Since our focus lies on Sudden Stops, we consider patterns of gross capital and trade
flows around known crisis episodes in particular. In Figure 1 we show the mean paths of
relevant variables around Sudden Stop dates. Output strongly contracts and the trade
balance sharply increases during the Sudden Stop. Both gross trade flows fall strongly,
but imports contract more than exports. There is a sharp reduction in foreign reserves,
but still the net foreign asset position increases, as gross liabilities contract even more
strongly”] Appendix [A] provides some evidence on the robustness of these patterns,
including graphs of unfiltered data, alternative crisis dates and a regression analysis.
Moreover we provide graphs for the Indonesian crisis in 1997 separately, which highlight
the same empirical regularities.

Importantly for the mechanism studied in this paper Sudden Stops are not only ac-
companied by a reversal in the trade balance and net capital flows, but a decline in all
gross flows. In particular, one might expect that the increase in the trade balance could
be achieved at a lower cost through an increase in exports, rather than through a severe
reduction in imports which leads to a contraction in output. We interpret the joint de-
cline in imports and exports as evidence for frictions in trade financing during a Sudden
Stop. Moreover, the sharp decline in reserves points to strong interventions by policy
makers.

Finally note that foreign assets other than reserves do not seem to be correlated with
the sudden stop event in an obvious way and fluctuate much less compared to reserve

holdings. Reserves and other assets are in similar magnitudes, so overall fluctuations in

9Contributions include Milesi-Ferretti and Tille (2011), Forbes and Warnock (2012), Broner, Didier,
Erce, and Schmukler (2013), Avdjiev, Hardy, Kalemli-Ozcan, and Servén (2017).

20Since gross liabilities are much larger than reserve holdings, even though they contract less in relative
terms, the net foreign asset position strongly increases. Note that for consistency all variables are
measured in dollars, which explains the large contractions in output. This contraction partly arises from
the depreciation in the exchange rate, while in purchasing power parity it is significantly smaller.



Figure 1: Sudden Stops in the Data
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crisis. For details see appendix E

foreign assets during sudden stops are mostly driven by reserves. Since we have no finer
decomposition of assets available at this level, we use international reserves as a proxy
for total liquid assets held by domestic agents in our quantitative analysis and use the
terms ’foreign liquid assets’ and ’'reserves’ interchangeably in the rest of this paper. To
the extent that these other assets are also used to provide liquidity to domestic agents,
we underestimate the total amount of liquid resources available in our model.

We now turn the the description of our theoretical model, which can quantitatively

match the facts presented here.



3 The Model

We develop a two-sector small-open economy model based on Bianchi (2011) and in-
troduce liquidity risk.@ The economy is populated by an infinitely lived representative
household who consumes tradable and nontradable goods. The representative household
operates a production technology and trades assets on an international financial mar-
ketH Agents can borrow long-term on international debt markets subject to a collateral
constraintﬁ Furthermore they can invest in a non-interest bearing liquid foreign asset.
Production of tradable output requires imported goods as an essential input. In nor-
mal times imports can be financed through short-term international loans, such as trade
credit or international bank loans. There are times, however, when these short-term debt
markets shut down and only safe liquid assets can serve as collateral for transactions@
These are episodes when global financial markets are in turmoil and liquid funding dries
up for reasons exogenous to the domestic economy. In what follows, we often refer to
such an event as a liquidity shock. As we show below, the shut down in short-term debt
markets can turn into a full Sudden Stop, with an associated contraction of domestic
production and a sharp reversal in the current account, if agents hold too little liquid
assets.

Note that we don’t model a separate balance sheet for the central bank, but assume
that liquid assets are held directly by the domestic agent. Due to the simplicity of our
model, central bank reserves are perfect substitutes to privately held liquid foreign assets,
if it is commonly understood by domestic agents and international lenders that the central
bank will use its reserves to act as a lender-of-last-resort in the event of a liquidity crisis*]
We maintain this assumption throughout this analysis and therefore don’t take a strong
stand on which agent actually holds these assets on their balance sheet. What matters
in this section is that on the margin the amount of liquid assets held in the domestic

economy is determined by private decisions. In section 4| we study an economy where

21The mechanism we study in this paper is more general and can be included in different types of SOE
models. In an earlier version of this project the model was based on Bianchi and Mendoza (2018), which
yields very similar quantitative implications for the decentralized equilibrium and analytical results for
optimal policy. However, due to time-inconsistency in the planner problem solving for the optimal policy
numerically becomes intractable.

220ne can imagine the household owning shares in competitive financial intermediaries and competitive
production firms. In the absence of frictions in domestic markets this ownership structure doesn’t affect
the equilibrium.

23Long-term refers to an inter-temporal loan, which lasts for one model period, as opposed to a short-
term loan, which has to be repaid in the same period.

24 Alternatively the assets could directly be used for the transaction

25This equivalence is trivial if one assumes, that the central bank accepts domestic non-tradable output
as collateral and sets a haircut exactly, such that all its reserves are alloted to domestic agents. This
means each agent will have access to exactly the same amount of reserves. Based on Uribe (2006) we
conjecture that the equivalence still holds, if a market clearing interest rate is set.

10



liquid assets are chosen by a central authority.

3.1 Bank-Firm-Household Optimization Problem

The representative agent maximizes life-time utility given by

Eo Zﬁtu(ct), (1)

where Ej is the expectation operator conditional on information available at date 0 and
B is the discount factor. The consumption basket ¢; is a CES aggregator with elasticity
of substitution 1/(n + 1) between tradable goods ¢! and nontradable goods ¢ given by

ce = [w(e)) ™+ (1= w) (") 717, (2)

In each period agents receive a fixed endowment of nontradable goods y». We extend
the model of Bianchi (2011) by assuming that tradable output ! is produced using in-
termediate input goods 4. Tradable output is given by y! = 2,F(1;), where 2z; denotes
total factor productivity in the tradable sector, which follows a finite-state Markov pro-
cess and F(.) denotes a twice continuously differentiable, concave production function.
Net output is thus given by [z F (1) — p,vy], where p, denotes the exogenous price of
intermediate inputs. In principle the framework can be extended to include endogenous
production using capital and labor inputs in both sectorsEG] To keep both theoretical and
quantitative analysis concise, we exclude those extensions.

All prices and contracts are written in terms of the tradable good, which acts as a
numeraire with a price of one. Agents have access to a one-period non-state contingent
foreign bond b,, 1 that pays a fixed interest rate R > 1 and to a non-remunerated liquid
foreign asset l;,1, i.e. essentially a storage technology. In equilibrium agents will choose
negative amounts of b, which corresponds to foreign borrowing 7| We denote the price of
nontradables by p. Following the literature we refer to p¥ as the real exchange rate in
the remainder of the text. The budget constraint of the representative agent reads

b1

' py + o+l + R [2eF (i) — povi) + 0y, + 1y + by, (3)

where b, are foreign bond holdings chosen at time ¢ and negative values of b indicate

foreign debt of domestic agents.

26Extensions to endogenous labor and capital accumulation are numerous in the literature.

2"Note that we implicitly assume that private agents borrow on international markets in foreign cur-
rency. See Mendoza and Rojas (2019) for a model where domestic agents borrow from domestic banks
in dollar denominated debt.

11



Inter-period debt is subject to a collateral constraint limiting total debt to not exceed

a fraction k of the market value of eligible collateral:
i1 > —%Npivyfv - KT[ZtF(Vt) — vipy] — Olyya, (4)

where " and k7 denote the shares of nontradable and tradable net output, respectively,
which can be pledged to foreign investors@ The crucial feature of this constraint is that
nontradable goods are part of the collateral and are valued at their endogenous price pl .
Since individual agents do not anticipate their incremental effect on equilibrium prices,
this may lead to an inefficiently low precautionary behavior (see e.g. Lorenzoni, 2008;
Korinek, 2010; Jeanne and Korinek, 2010; Bianchi, 2011).

Constraint [4|is a natural extension of the constraint in Bianchi (2011) to account for
endogenous production of tradable goods and the presence of liquid assets, which can
also serve as collateral. Their use as collateral here is not necessary for liquid assets to
be held in equilibrium and our normative results apply for any 6 € [0,1]. The share of
liquid assets that can serve as collateral determines how much of an extra unit of liquid
assets can be financed through debt issuance and how much has to be financed through
reduced consumption. We provide a microfoundation of this constraint in Appendix [B]

We now turn to the central, new feature of our model. At the beginning of the period
intermediate inputs v, have to be imported before production takes place. Agents can
only finance these imports through unsecured short-term credit@ In normal times end-
of-period production provides sufficient collateral to finance desired levels of imports, but
during liquidity crises lenders are only willing to accept liquid assets. This gives rise to

the following stochastic constraint:
Sivipy < . (5)

Note that effectively this constraint is a cash-in-advance constraint on imported inputs,
where S; is a stochastic variable that governs the state of the short-term debt market

and follows a first-order two-state Markov process. In normal times (S; = 0) agents have

28Constraints of this type have widely been used in the international macroeconomic literature since,
as far as we know, Mendoza (2002) and are generally understood to capture financial frictions associated
with borrower default in a reduced form manner. As pointed out by Schmitt-Grohé and Uribe (2018) it is
possible that, while this constraint binds on the individual level, the effect of trade-able consumption on
the exchange rate is so strong, that on aggregate higher consumption and borrowing is possible. Policy
implications in such economies are very different, as generally there is underborrowing in net debt. We
assume that this is not the case throughout our normative analysis. In our calibrated economy, the
constraint binds on aggregate, whenever it binds individually.

29This assumption is not as stark as it might seem. IMF (2009) presents evidence that worldwide only
20% of imported goods are paid in advance, while 80% are credit financed. Half of these 80% is direct
trade credit from exporters to importers while the other half is intermediated.
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access to unlimited short-term credit and the constraint is never binding. However, in
case of a liquidity shock (S; = 1) only liquid assets can serve as collateral for short-term
credit. If the stock of liquid assets is low, imported inputs have to be reduced, so output,
tradable consumption and the price of nontradable goods fall. This price decline reduces
the capacity to borrow inter-temporally, which further lowers the price of nontradables
and triggers a Fisherian debt-deflation mechanism. We provide a microfoundation of
this constraint along with the inter-temporal borrowing constraint in Appendix Bl We
discuss the role of the liquidity constraint in more detail in section [3.2] after defining a

competitive equilibrium in our model.

3.2 Competitive Equilibrium

The representative household maximizes life-time utility subject to the budget con-
straint , the collateral constraint , the liquidity constraint (5) and the non-negativity
constraint on liquid assets l;;; > 0 by choosing {bss1, 11, ¢, c¥, v}, taking prices as

given. This maximization problem yields the following optimality conditions

>\t == UT(t)a (6)
l—w o,
Py = (T)(y) , (7)
&Sy = M+ k") [z F, () =l (8)
A
S—m = BEfAn), 9)
Ae — O — Yy = BEA N1 + &}, (10)

where A is the nonnegative multiplier associated with the budget constraint, p is the
nonnegative multiplier of the collateral constraint, £ is the nonnegative multiplier of the
liquidity constraint and v is the nonnegative multiplier of the non-negativity constraint
on liquid assetsm Further, ur(t) denotes the derivative of the utility function with respect
to tradable consumption.

Equation @ is the optimality condition for tradable consumption equating the marginal
utility to the shadow value of current wealth. Condition @ equates the relative price of
tradable and nontradable goods with their marginal rate of substitution. Note that an
increase in ¢! generates an increase in the price of nontradable goods thereby increas-

ing the collateral value of nontradables. Equation ({g]) is the intra-temporal optimality

30This constraint is not really necessary. As long as there is a positive probability of a liquidity shock,
household endogenously hold positive liquid assets in equilibrium. Otherwise they would run the risk of
producing 0 output, as intermediate inputs are an essential input to production. We nevertheless state
it here to make clear that agents cannot borrow in the liquid asset.
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condition for intermediate inputs. If the liquidity constraint is nonbinding in period t,
the optimality condition simplifies to 2, F,,(.) = p,. Otherwise, intermediate inputs are
determined by last periods liquidity holdings and zF,,(.) > p,. Equation @ is the in-
tertemporal optimality condition for foreign bonds, which is completely standard. When
the collateral constraint binds, the marginal benefit of borrowing exceeds the expected
marginal costs of repayment by the shadow price of the constraint. Finally, the opti-
mality condition for liquid assets is given by equation ((10)), which captures the central
mechanisms in our model. While liquid assets do not carry any interest, they are still
useful to private agents because they anticipate that liquid assets can be used to buy
intermediate inputs in case of a liquidity shock as captured by the term & ;. Since all

agents are identical, market clearing conditions are given by

o = 9N, (11)

b
C? = ZtF(Vt) — Pl + lt + bt — lt+1 — %1 (12)

Finally, the following complementary slackness conditions have to hold

by + VP Y + & [ F () —pove] + 0L > 0, >0, (13)
lt - Stpth Z Oa 5 2 07 (]‘4)
lt+1 Z Oa ¢ Z Oa (15)

as well as the laws of motion for the exogenous variables {S;, z:}. The unregulated

competitive equilibrium is defined as follows
Definition 1. A unregulated recursive competitive equilibrium is a set of
i a pricing function p~(b,1, S, 2)
ii decision functions {b(b,1,S,z),1(b,1,8,2),éT(b,1,5,2),eV(b,1,S,2),0(b,1,5,2)}
iii and multipliers {\(b,1,5,2), i(b,1, S, 2),£(b, 1,8, 2),1b(b, 1,5, 2)}
that satisfies the equations (@ - given the laws of motion for the exogenous states S

and z.

3.3 Discussion of the Liquidity Constraint

The liquidity constraint , is central to the mechanism studied in this paper, as in-
troduces a separate role for liquid assets. In comparison in the model of Bianchi (2011)

the equilibrium is not affected, if beginning of period debt and liquid asset holdings are
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increased by the same amount. In that model the extra liquid asset can only be used to
repay the extra debtﬂ The same is true in our model if S; = 0. However, if S; = 1 an
extra unit of liquid assets allows agents to produce more than one unit of output on the
margin, while they have to repay just one extra unit of debtlﬂ Agents anticipate this and
build up precautionary liquidity holdings. Note that in the absence of liquidity shocks,
intermediate inputs are always at their unconstrained level and tradable production only
depends on exogenous productivity. As a result, no liquid assets are held in equilibrium
and the model reduces to Bianchi (2011), with a stochastic endowment of tradable goods.
This shows that the model with liquidity shocks nests the model by Bianchi (2011) as a
special case.

Importantly, the liquidity constraint does not introduce a new pecuniary externality
to the model, as there is no price involvedﬂ Liquidity choices are still potentially in-
efficient because of the interaction of the two constraints: If a liquidity shock hits the
economy, the level of liquid assets affects the amount of tradeable output and consump-
tion. Tradeable consumption in turn affects the real exchange rate, which is the source
of the pecuniary externality. This effect is not internalized by individual agents when
making their decisions, which, as we show in the following analysis, generally leads to
underinvestment in liquid assets during normal times.

Finally, note that access to short-term debt markets is determined by a purely ex-
ogenous process which is unrelated to economic fundamentals. One can think of this as
the risk aversion of international investors. Empirical studies show that global risk aver-
sion is among the most robust predictors for sudden capital flow reversals in emerging
markets (see e.g. Eichengreen, Gupta, and Mody, 2016; Calvo, 2013). Furthermore, the
assumption that domestic output completely loses its value as collateral for international
short-term credit might seem very stark. In principle, the model can easily be extended by
introducing a time-varying share of domestic output entering in the liquidity constraint.
In such a model, access to short-term debt markets would indeed be related to domestic
output. While this might add to the quantitative realism of the model it would come at
the cost of analytical clarity. We prefer the simplest possible version of the model, which

can match the key features in the data we are interested in.

31Since liquid assets earn zero return, while agents have to pay interest on debt, liquid assets are not
held in equilibrium.

32Tt is straightforward to see that the marginal product in case of a liquidity shock will always be
strictly larger than 1 in equilibrium

33We show this point formally in the section
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4 Constrained Efficient Equilibrium

We now consider a constrained social planner that faces the same collateral constraint
and liquidity constraint but internalizes how prices are determined in equilibrium. In
particular, the planner chooses byy1, ly11, ¢l , ¢ and v; to maximize aggregate welfare
subject to the resource constraints and , the collateral constraint , the working
capital constraint and the pricing rule of the competitive equilibrium allocation E

As opposed to private agents, the planner internalizes the effect of debt and liquid
assets on the price of nontradable goods. Critically, the planner anticipates that higher
outstanding debt reduces tradable consumption, which lowers the exchange rate and
borrowing capacity in states where the collateral constraint binds. Conversely, more
liquid assets increase tradable consumption in adverse states of the world, which raises
the exchange rate and prevents strong declines in the borrowing ability of the economy.

In recursive form the social planner’s problem can be expressed as

V(b,1,S,z) = {blrlpaTX }U(C(CT’ y™")) 4+ BEV (Y, I, S, 7)), (16)
s.t.

b/

cr +§+l’ =2F(v) —pv+b+1,
1-— T\ (1+1)
yo> kN (C—N> ! yN — kT [2F(v) — pv] — 0, >0,
W )

L >Spwv, £>0,
I >0,

where we have used the pricing rule of the competitive equilibrium to replace the price p¥
in the collateral constraint of the social planner. The first order conditions in sequential

form are given by

NP = () 4+ Py, (17)
AP sp Sp
TR M= BEAN Y (18)
NP —gust — 3t = BEANT + 20, (19)
ffPStpV = ()‘fP + ’QT“EP)[ZtFV(-) - pl/]? (20)

34By constraining the social planner problem to the pricing rule of the competitive equilibrium we follow
the constrained-efficiency concept of Kehoe and Levine (1993), which has been widely used for example
in Bianchi (2011). Note that not allowing the social planner to directly intervene in the exchange rate is
a non-trivial constraint. As shown by Benigno, Chen, Otrok, Rebucci, and Young (2016) the planner can
actually completely undo the effects of the borrowing constraint by using consumption taxes to manage
the real exchange rate in a similar model.
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where we use superscript sp to distinguish the multipliers of the competitive equilibrium
from the multipliers of the constrained-efficient allocation and ¥; = k(pNcY /cl)(1+n) >
0. This term summarizes the equilibrium effect on the collateral value of nontradable
goods for a marginal change in tradable consumption 7]

It is important to note that the optimality condition for v implies that the planner
makes the same choice for imported inputs as agents in the competitive economy given
the states. In particular the equation implies that v is pinned down by the condition

2 F,(.) — p, = 0 if possible and by the constraint Syp,v; < [, otherwise.

4.1 Comparison of Private and Planner Optimality conditions

The key difference between the unregulated competitive equilibrium and the constrained-
efficient allocation becomes evident by comparing equation ([6) with equation (17). In
particular, the social planner’s marginal utility gain from tradable consumption is com-
posed of a direct effect on utility uz(¢) and an indirect effect as the planner understands
that an increase in tradable consumption relaxes the collateral constraint. This effect on
the price of tradable goods and thereby on the aggregate borrowing ability of the economy
is not internalized by individual agents. Individual agents thus value wealth less than
the social planner in states where the collateral constraint binds. Importantly, in our
framework the difference in the valuation of wealth distorts both individual borrowing

and liquidity choices, which we now discuss in more detail.

Macroprudential interventions Following Bianchi (2011) we first consider states
where the collateral constraint is currently not binding i.e. p¥ = 0FY This simplifies
equations and allows us to develop important insights into the nature of macroprudential
interventions, which the planner uses in states where there is currently no debt crisis.
We turn to the case where the constraint currently binds below. As noted before, the
planner’s choice for purchases of imports coincides with the competitive one. We can
therefore focus on the consumption-borrowing-liquidity choices.

The overborrowing result becomes evident by using (@ and with u; = 0 to rewrite
the competitive and constrained-efficient Euler equations for inter-temporal debt holdings

respectively

’LLT(t) = ﬂREt{UT(t -+ 1)},
ur(t) = BRE{up(t + 1) + 121 e }.

35This term is equivalent to Bianchi (2011).

36For consistency we assume in the remainder of this section that both optimality conditions are
evaluated at the constrained-efficient allocation. Agents form their expectations knowing this. We
discuss how to consistently interpret private LMs in this setting in Appendix @}
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Clearly the planner faces higher future costs of current debt holdings given by ,uffl\I/tH
as she anticipates the negative effect on prices. This implies that the private first order
condition cannot be satisfied, and the agents have an incentive to marginally increase
borrowingﬂ Private agents therefore overborrow (taking liquid asset holdings as given)
compared to constrained-efficiency leaving the economy excessively prone to financial
distress. The farther away the economy is from the borrowing constraint (I, ,uffl close to
0), the smaller the difference between the two allocations becomes.

Critically, in our model the wedge in the valuation of wealth also distorts optimal

liquidity choices. Using the fact that A\ = ur(t) and & = ()‘”“mT;[fF”(')*p“] in the

O ey Py e

constrained-efficient allocation, the Euler conditions for liquid assets can be rewritten to

competitive equilibrium and t N¥ = up(t) + p* ¥, and & =

Z. FV t+ ]_ z FV t+ 1 —n,
ur(t) = 5Et{uT(t+1)%+ut+mT t+1 (p ) —p 3
Z. F,, t+ 1 z Fy t+ 1) — 5
ur(t) = BEJur(t+ 1)% S T (p )=
Z 1Fy(t+1)—py
+/'Ltsﬁ\1jt+1 + /’Ltsf)lqjt—&-l t » }

Here, the competitive and planner optimality conditions differ in three ways. Firstly, it
is clear that the gain of holding liquid assets for the social planner exceeds the gain of
private agents by uffl\lftﬂ. This difference arises for exactly the same reason as in the
optimality conditions for borrowing, since the planner values savings more than individual
agents. Note that the valuation of wealth is unrelated to the actual use of the liquid asset
in liquidity crises and therefore not the central part of our analysis. Moreover, in the
absence of liquidity shocks, this term on its own would not cause the planner to hold
positive amounts of liquid assets because the benefit from holding liquid assets is still
strictly smaller than the interest rate on borrowing in a model without liquidity shocks.

The other differences are more interesting, as they are new in our model and more

F,(t+1)—py
Mfﬂp captures the

subtle. The last term in the planner’s Euler equation ! ¥y
benefit the planner attaches to the positive effect of the additional net output on the
real exchange rate.@ In a liquidity crisis, a higher stock of liquid assets increases output,
which allows for higher tradable consumption. This in turn raises the real exchange rate,
which makes the borrowing constraint less tight. Since private agents do not internalize

this effect, the term unambiguously raises the planner’s incentives to hold liquid assets

37Formally we could introduce the planners’ choice as a constraint in the decentralized optimization
problem. This constraint would then have a positive LM, so that the Euler equation is satisfied

38Note that the last two terms in the equation can be simplified to /lf_,f’l\llt_lrl%u(t—‘rl). We keep
them separate to conceptually distinguish the incentives at play.
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relative to the competitive equilibrium.

T ze1Fu (t+1)—p

Finally, in both optimality conditions the term xf, “ enters. This term

captures the shadow value of liquid assets in relaxing the borroywing constraint through
raising net tradable output. This effect is separate from the one above, as it is unrelated
to the exchange rate, but reflects the fact that the additional output can be collateralized
which directly relaxes the constraint. It is therefore internalized by both planner and
individual agents. Importantly, however, the values that planner and individuals attach
to relaxing the constraint do not coincide in general.

While the presence of the shadow values in general has an ambiguous effectfig] we
find in our numerical solution that the planner always chooses to hold (weakly) more
liquid assets than agents in the competitive equilibrium in situations where the collateral
constraint does currently not bind.

Finally, it is important to note here, that all three differences in the optimality con-
ditions for liquid assets between private agents and the social planner are related to the
value of p;fi. In particular, if the economy is very far from the constraint so ' = 0
and E.{y,,} = 0, the optimality conditions coincide. This shows that the motive for
liquidity regulation in our model only arises because of the interaction of the liquidity

and collateral constraints and not because of a new externality.

Ex-post interventions We close this section by analyzing the optimal choice of liquid
assets in a situation where the collateral constraint currently binds, i.e. u?f > 0. This is
interesting in our case, because the planner can still meaningfully affect the equilibrium,
by choosing liquid assets and borrowing subject to the constraint. In Bianchi (2011) on
the other hand, the equilibrium under a binding constraint is already fully determined
and the competitive and planner choices coincide. In our model there is effectively only
one inter-temporal choice when the constraint binds, since the choice of liquid assets also
pins down borrowing. We therefore do not discuss borrowing separately.

In contrast to the first part of the section differences in incentives here do not reflect
macroprudential interventions by the planner, but differences in how she responds to a

crisis. The Euler equations for the liquidity choice at the constraint are given by

up(t) — O = 5Et{>\t+1 + §t+1},
ur(t) + pp "W — 0" = BEANT + & )

For readability we have not plugged in the terms on the right hand side, but in principle

all insights from above still apply here. However, in cases where the constraint strongly

39Tn appendix we provide an intuition for the difference in how private agents and the planner
value the presence of the constraint.
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binds (pP* is large), the economy is forced to deleverage. This means that borrowing is
low, so the probability of a binding constraint tomorrow and therefore E;uf,  is small.
As we just discussed, for small Eyuf, ; the right hand sides of the two equations become
very close, so we can focus on differences on the left hand side.

We show in appendix that in a severe crisis p7r is much larger than p,. This
has two effects. Firstly, since a share 6 of liquid assets can be collateralized, a higher
multiplier on the borrowing constraint makes holding liquid assets more attractive to the
planner. This effect pushes her towards borrowing more and accumulating more liquid
assets. At the same time, however, the planner understands, that by selling liquid assets,
she can increase current consumption of tradable goods which boosts the real exchange
rate and thereby also increases borrowing capacity. We find this effect highly interesting,
as it captures a form of inefficient liquidity hoarding: Individual agents do not understand
that they can increase the aggregate borrowing capacity by reducing their accumulation
of liquid assets. Note that this is more likely to occur in economies where the share of
liquid assets that can be collateralized is low, as the opposing effect is smaller.

Which of the two effects dominates is clearly a quantitative question and our numerical
results show that both are possible. In our calibrated economy we find that in that in
most crisis episodes the planner still accumulates more liquid assets, but in very severe
crises the planner chooses to reduce liquid assets more drastically than private agents.
We now turn to a discussion of which instruments the planner can use to implement the

constrained-eflicient allocation.

4.2 Decentralizing the planner allocation

We first characterize optimal price based policy and show that, in order to restore
constrained-efficiency, a policy maker needs to impose both, a state dependent tax on
foreign debt and a state dependent subsidy on liquid assets.@ We then continue by
showing that in the states where the subsidy is positive, the planner can implement the
constraint efficient allocation without paying out subsidies, by accumulating reserves at

the central bank and committing to act as a lender of last resort in a liquidity crisis.

4.2.1 Price based policy tools

Assume that the policy maker imposes a state contingent tax on debt, 72, and a state
contingent subsidy on liquid assets, 7/, on debt and liquidity holdings chosen in period

t. Details on the implementation of these taxes and a derivation of the equations below

40For simplicity we refer to the two instruments as tax and subsidy, even though the subsidy on liquid
assets turns negative in some states, which effectively makes it a tax.
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can be found in Appendix D

With the tax and sub31dy the price of bonds becomes and the price of liquid

R(1+ )

assets becomes in the budget constraint of private agents. Note that 77 is always

(1+7’tl)
and 7} is (usually) positive. The reason why we consider 7¥ a tax and 7} a subsidy is
that bond holdings are always negative in equilibrium, while liquid assets holdings are by
definition positive. Net tax revenues are rebated lump-sum to the household. The Euler

equation for debt holdings and liquid assets of private agents are given by

M
R(l + Ttb)

At
m —Opy =Yy = BE{ N1 + g} (22)

— e = BEA{ N1}, (21)

The planner allocation can be implemented by setting the tax and subsidy such that the
Euler equations of the private agent coincide with the planner’s optimality conditions.

This results is summarized in the following proposition.

Proposition 1. The constrained-efficient allocation can be decentralized using a state

contingent tax on debt T and a state contingent subsidy on liquid assets ' set to satisfy

Ee{p? Wit} . .
o BT >0 ¥ Bur( 1)+ PSP} > ) -
0, otherwise.

A BEA K" iy — £ e ]—F" e S 2 (Hl)} + 0" — pe) — Yo"
-
BE{ur(t+1) +,Ut+1’<3TF U} + 0p,

and tax revenues rebated as lump-sum transfers.

Note that the private Lagrange multipliers in the expressions above are different from
the competitive ones as they arise from optimality conditions in an economy where the
optimal policies are already implemented. Details can be found in Appendix D] To
economize on notation we omit this distinction.

The optimal tax rate for foreign debt is identical to the expression in Bianchi (2011).
This tax is weakly positive representing the uninternalized marginal cost of borrowing of
private agents. Further, the tax rate increases as the probability of a binding collateral
constraint increases and is zero if the probability of a binding collateral constraint is zero.
Note that we follow a convention in the literature and set the tax rate to zero in cases
where individual agents would like to borrow, but are prevented from doing so by the
constraint. This is slightly arbitrary, but some assumption is necessary, because infinitely

many combinations of 7! and 7° could implement the constrained-efficient allocation at
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the borrowing constraint. A positive tax in such a situation would lower the multiplier p,
which would raise the optimal subsidy on liquidity. This indeterminacy arises, because
effectively there is only one inter-temporal choice if borrowing and liquidity holdings are
linked by the constraint, so the planner needs only one instrument@ We omit a discussion
of the subsidy on liquid assets, as we have investigated the underlying incentives in the

previous section.

4.2.2 Reserve accumulation as a macroprudential policy tool

We now show that as an alternative, the planner can implement the constraint efficient
allocation without paying out subsidies, by accumulating reserves at the central bank
and committing to act as a lender of last resort in a liquidity crisis. This exercise is
interesting, not only because reserve accumulation is widely used in practice, but also
because as the sovereign might not have the fiscal capacity to pay out subsidies during a
crisis.

Under the the optimal policy private agents will not hold any liquid assets and the
non-negativity constraint binds during normal times. In states of severe crisis where
the planner chooses a lower level of liquid assets than the individual agents, she needs to
impose a tax on liquid assets to prevent liquidity hoarding. The optimal tax on borrowing
is unaffected by these liquidity policies. We summarize these findings in the following

proposition:

Proposition 2. Alternatively, the constrained-efficient allocation can be decentralized
using a state contingent taxr on debt 77, a tax on liquid assets 7} and by accumulating

liquid reserves it+1 at the central bank:

Zt+1 = l:+1 (25)

where I}, | denotes the socially optimal level of liquid assets and

N 7_tl7 Zf ’th >0
Tt

0 otherwise

where T} is given in equation and 1, 1s the private Lagrange multiplier on the non-

negativity constraint on liquid asset holdings. The optimal tax on debt is given by equation

“1In models where there is only one inter-temporal choice, like Bianchi (2011), the tax rate at the
constraint doesn’t affect the equilibrium allocation at all.
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, i.e. 70 = 1°. Tax revenues and proceeds from trading liquid assets are rebated as

lump-sum transfers.

In all states where 7/ is different form zero, it is strictly negative, since it is used to
discourage liquidity hoarding. This means that no subsidies are paid out by the planner.
However, private liquidity holdings are zero everywhere, so no tax is actually collected on
liquid assets in equilibrium either. In fact 7! is not unique, as any larger tax would also
lead to zero private liquidity holdings. Alternatively this could be achieved by suspending
convertibility of the domestic currency.

While no subsidies are paid out, the planner still needs resources to accumulate liquid
assets. We show in the quantitative analysis, that she strongly reduces liquid asset hold-
ings during crises and only accumulates liquid assets during expansions. Therefore fiscal
constraints should not impede the implementation of this policy. Due to the simplicity of
the model a wide range of alternative instruments are equivalent to the policies described
here and can therefore be used to implement the constrained-efficient allocation. For
example a reserve requirement can replace the subsidy on liquid assets in states where
it is positive. For brevity we omit the explicit formula here, as it adds little economic

insight.

5 Quantitative Analysis

In this section, we describe the calibration of the model and evaluate implications regard-
ing Sudden Stops, optimal policy and welfare. We solve the model globally using fixed

point iteration on the conditional expectations{?]

5.1 Calibration and functional forms

We chose the following standard functional forms:

ulcr) = Ctll:l, (27)
ce = [w(ed) 7+ (L= w)(e) ), (28)
2F(v) = 20" (29)

Our calibration uses standard values from the literature and data for 16 economies

classified as emerging markets and developing economies by the IMF’s World Economic

42We use a variation of the algorithm in Wolf (2019).
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OutlooK™] The data is taken from the updated version of the dataset provided by Lane
and Milesi-Ferretti (2006) and from the Word Developement Indicators (WDI) One period
in the model represents a year and the values assigned to the model parameters are
summarized in Table 1. The risk aversion is set to 2 and the world interest rate to 4%
which are standard values in the DSGE-SOE literature. The domestic discount factor
is set to .92 to target the average net foreign asset position of —28% of GDP between
1990-2011.

Table 1: Calibration

Parameter Value Source/Target
Risk aversion o =2 Standard value DSGE-SOE
World interest rate R=1.04 Standard value DSGE-SOE
Discount factor B =.92 NFA=-30%
Elasticity of substitution 1/(1+n) =.83 Bianchi (2011)
Weight on tradables in CES  w=.3 Share of tradable output = 30%
Share of pledgeable liquidity 6 = .95 Reserve Outflows

during Sudden Stops
Intermediate inputs share Y, = .45 Bianchi and Mendoza (2018)

& imported inputs/GDP
Pledgeable output, tradable &7 = .3 Probability of Sudden Stop=5.4%
Pledgeable output, non-t. kN /T =1 Bianchi (2011)
Probability of liquidity shock Py = 10% International reserves/GDP = 14%
TFP Process p. = .537,0, =.0134 Mendoza (2010)

The rate of substitution between tradable and nontradable goods determines the
sensitivity of price of nontradables, with respect to relative changes in consumption of
the two goods. Empirical estimates for this parameter range from 0.4 to 0.83. Following
Bianchi (2011) we choose a conservative value and set 1/(n + 1) = .83. The parameters
w determines the tradable share in the CES aggregator and is calibrated to match a 30%
share of tradable output which is the average value for the set of countries from 1990-
2011. In line with previous studies we define tradable output as the sum of primary and
manufacturing goods.

The share of pledgeable liquid assets is calibrated to match the decline in foreign
reserves during a Sudden Stop episode. As pointed out in section 3.1 the share of liquid
assets that can serve as collateral determines how much of an extra unit of liquid assets
has to be financed through reduced consumption. Effectively, 6 therefore determines
how strongly reserve holdings respond to changes in the marginal utility of tradable

consumption. In a crisis tradable consumption is low and its marginal utility is high,

43We use data for the following countries: Argentina, Brazil, Chile, Croatia, Columbia, India, Indone-
sia, Mexico, Malaysia, Poland, Russia, South Africa, Thailand, Turkey, Ukraine, Venezuela.
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which triggers a fall in reserves. To match the observed magnitude of decline in reserves
during a Sudden Stop we set # = .95. A value close to one seems reasonable since liquid
assets can be easily pledged as collateral. The production share of intermediate inputs
v, is set to .45 as in Bianchi and Mendoza (2018), who target the average share of total
intermediate inputs to gross output for all OECD members. While it is not clear whether
this target is relevant for emerging markets, setting v, = .45 generates an average ratio
of imported intermediate inputs to GDP of 23.5%. This value is consistent with the data
for our set of countries[*

The coefficient of the collateral constraint is set to k7 = .3 to match the yearly
observed frequency of Sudden Stops reported by Eichengreen, Gupta, and Mody (2008).
In line with Calvo, Izquierdo, and Mejia (2004), Sudden Stops are defined as periods
where capital inflows (net of changes in reserves) fall two standard deviations below their
mean and output contracts. Following Bianchi (2011) we set k7 = x”.

The probability of a liquidity shock is set to 10% which yields an international reserves
to GDP ratio of 14% consistent with the cross-country average observed between 1990 and
2011. The transition probability matrix is symmetric which yields an average duration
of a Sudden Stop slightly above one yearﬁ

Finally, the stochastic process for tradable sector total factor productivity is specified

as

log(zt) = plog(zt—1) + e, (30)

where ¢ is an iid N(0,0?) shock. The parameters of this process are set to p, = 0.537 and
0, = 0.0134 which are the first autocorrelation and the standard deviation of aggregate

total factor productivity reported by Mendoza (2010).

5.2 Sudden Stops

In this section, we compare a typical Sudden Stop generated by our model with the
characteristics of actual Sudden Stops observed in the data. To this end, we simulate
the model economy for 100.000 periods. We then use the same procedure to identify
sudden stop events as Calvo, Izquierdo, and Mejia (2004) on the simulated paths. In
particular Sudden Stops are defined as periods where the trade balance increases two

standard deviation above its mean and output falls one standard deviation below trend.

44We compute this number based on data from the OECD Structural Analysis Databases. For details
see Appendix [C] If this number seems high, note that we include imported capital goods in imports to
production, given that capital goods are not part of our model.

45This is in line with the estimated average duration of a Sudden Stop reported by Eichengreen, Gupta,
and Mody (2008).
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We then average across all identified sudden stop episodes.

Figure [2] contains the central quantitative findings of this paper. In particular, it
compares a typical Sudden Stop in the model with the data counterpart. As in Figure
1 we show all non-stationary variables as log deviations from trend, so that magnitudes
can be understood as relative deviations. The trade balance relative to GDP and the real
exchange rate are already stationary and their magnitudes have natural interpretations.
We therefore show them in terms of deviations from their long-run means.

Given the simplicity of our model, we find that it replicates sudden stop episodes sur-
prisingly well across many dimensions. Firstly, the decline in foreign reserves was targeted
and is matched well. The responses in consumption, GDP, imports and exports are all in
similar magnitudes to the data. Finally, the model somewhat underpredicts the reversal
in the trade balance and overpredicts the fall in gross liabilities. The lowest two panels
shows that typically Sudden stops occur in the model when tradable sector productivity
is around 2.5% below trend, while around half of the Sudden Stops in our model economy
are caused by a liquidity shock. Importantly, note that the model qualitatively accounts
for the Sudden stop characteristics observed in the data.

The model fails, however, to match the persistent response of most variables fol-
lowing Sudden Stops observed in the dataf® This is a common feature of models that
don’t feature investment, since there is no endogenous mechanism that could generate
persistence. The liquidity shock in our model only takes two extreme values and has a
symmetric transition matrix, so exogenous persistence only arises through productivity.
Further, the strong deleveraging process induced by the binding collateral constraint leads
to an increase in the net foreign asset position. As a result, the exchange rate increases
above its mean already in the period after the Sudden Stop which raises consumption and
GDP in the model. In reality, other mechanisms, such as externalities in the production
sector, default of domestic firms and declines in foreign direct investment are likely to
contribute to the observed persistence of real variables.

In section [F| of the Appendix we show a comparison between Sudden Stops caused
by liquidity shocks and those purely caused by declining productivity. The contractions
in output, the exchange rate and asset positions are very similar. Sudden stops that are
purely due to declines in productivity, however, lead to a negligible decline in imports
and a spike in exports. This shows that the model without liquidity shocks cannot match

the dynamics in goods flows observed in the data.

46T addition our model fails to account for the trends observed before Sudden Stops, which is also
common for models of this type. Sudden Stops occur in the data, when GDP, consumption, the exchange
rate, foreign reserves and gross liabilities are above trend and the trade balance below its mean. Note
that the magnitude of the boom is overstated in the HP-filtered series as can be seen in Figure in
the Appendix, which shows unfiltered data.
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Figure 2: Sudden Stops in the Model and the Data
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Figure 3: Competitive Equilibrium Decision Rules
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Note: This figure plots the competitive decision functions for four different levels of current liquidity holdings as a function

of current bond holdings when S = 1 and productivity is at its steady state level.

5.3 Borrowing and Liquidity Decisions

In this section, we first characterize the decentralized equilibrium and then show how the
decision functions of private agent differ from those of the social planner. Panel A of
Figure [3| shows next period bond holdings of private agents as a function of current bond
holdings for four different levels of current liquidity holdings. The policy function for bond
holdings is V-shaped which is a prominent feature of financial friction models including a
Fisherian debt deflation mechanism. @ In particular, future bond holdings are increasing
in current holding in the unconstrained region and decreasing in the constrained region.
The change in the slope of the function indicates the point where the collateral constraint
starts to bind. Once the collateral constraint binds, higher borrowing levels lead to a fall
in the real exchange rate and therefore the borrowing capacity. As a result, the higher
current debt is, the lower is future borrowing capacity and the stronger is the forced
deleveraging in this region. Higher current liquidity holdings increase the borrowing
ability of the economy and shift the policy function to the left as they provide additional
collateral.

More interestingly, Panel B of Figure [3| plots the liquidity decision rules for four
different levels of current liquidity holdings as a function of current bond holdings. The
policy function can be divided in three areas. The left region is the region where the
collateral constraint is binding. In this region, the decision rules are sharply decreasing

because agents prefer to consume their resources in states where the constraint becomes

47See Bianchi (2011)
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Figure 4: Competitive Equilibrium vs. Constrained-Efficient Decision Rules
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Note: The blue solid line corresponds to the unregulated competitive equilibrium, the red dashed line to the constrained-
efficient equilibrium. Access to working capital is unrestricted and productivity and liquid assets are fixed at their steady

state level.

very tight. In the center, the collateral constraint is nonbinding but there is a positive
probability of a binding constraint in the following period. In that sense, the region
is characterized by financial instability. The policy function is increasing in current
debt holdings as agents understand that more debt today increases the probability of a
binding collateral constraint tomorrow and therefore increase their precautionary liquidity
holdings. Finally, the right region is the stable region where current bond holdings are
so high such that the constraint is nonbinding today and the probability of hitting it in
period t+1 is zero. In this region, current bond holdings do not affect liquidity decisions,
however, agents still hold a positive amount of liquid assets due to the nonzero probability
of a liquidity shock. As before, more liquidity holdings shift the policy functions to the
left.

The way how the pecuniary externality distorts individual borrowing and liquidity
decisions is illustrated in Figure [4] which compares the competitive bond and liquidity
decision rules with the social planner’s rules. First note that the differences in the bond
policy functions are very small. Interestingly, however, the planner borrows slightly
more compared to the unregulated allocation in the region characterized by a positive
crises probability. This is in contrast to previous findings which show that the planner
reduces borrowing if financial stability is at risk (i.e. close to the constraint)ﬁ Here, the
planner doesn’t borrow less in gross terms, but accumulates a larger liquidity buffer which

becomes evident from Panel B. Net borrowing of the planner is thus strictly below the

48See e.g. Bianchi (2011), Benigno, Chen, Otrok, Rebucci, and Young (2013), Bianchi and Mendoza
(2018).
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Figure 5: Ergodic Distributions of Bond and Liquidity Holdings
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Note: The blue solid line corresponds to the unregulated competitive equilibrium, the red dashed line to the constrained-

efficient equilibrium.

private optimum in the region characterized by financial instability. Once the constraint
becomes binding, the social planner starts to reduce liquid asset holding faster then the
private agents. For states where the constraint binds very strongly, we find the inefficient
liquidity hoarding mentioned above, since private agents don’t internalize the positive
effect of extra consumption on the borrowing capacity. Finally, in the right region the
probability of a binding collateral constraint goes to zero and the differences in decision
rules vanish.

The differences between the two economies become more evident by comparing the
ergodic distributions of bond and liquidity holdings in Figure Gross debt levels are
more dispersed in the unregulated economy. Further, the competitive equilibrium assigns
more mass to very high and very low debt levels, which occur due to excessive borrowing
followed by forced deleveraging in Sudden Stops. On average gross debt is slightly below
the constrained-efficient economy (the mean of the competitive is 0.3983 compared to
0.4012 in the regulated economy).

For liquid assets, the ergodic distribution in the regulated economy is shifted to the
right compared to the unregulated one. The planner therefore clearly accumulates more
foreign reserves to insure against liquidity shocks. Moreover, due to the more severe crises
that the unregulated economy experiences, liquidity holdings drop to significantly lower
levels compared to the regulated economy. Finally, the differences in net borrowing can
be seen in Panel C.@ The figure shows that the social planner engages in significantly

more precautionary savings than private agents.

49Note that in contrast to the gross bond holdings, here a higher level corresponds to more borrowing.
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5.4 Optimal Policy and Welfare Effects

Figure [0] illustrates the quantitative features of an optimal policy consisting of tax a
on debt (Panel A) and a subsidy on liquid assets (Panel B), as a function of current
borrowing for a fixed level of liquid assets. For sufficiently low levels of debt (right
region), the probability of a binding collateral constraint is zero and the unregulated
equilibrium coincides with the constrained-efficient allocation, so no taxes or subsidies
are necessary. For higher debt levels the tax on debt increases with the level of debt and
falls to zero when the collateral constraint becomes binding. Similarly, the subsidy on
liquid assets is increasing in debt levels in the positive crisis probability region. When the
collateral constraint binds strongly the subsidy on liquid assets turns negative, reflecting

the fact that private agents hold inefficiently large stocks of liquid assets.

Figure 6: Optimal Policy Instruments
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Note: The blue solid line corresponds to the tax on debt and the subsidy on liquid assets (in %).

The total welfare gain from implementing the optimal policy in our model is 0.032%
of permanent consumption. The small magnitude of welfare gains is common in the
literature. Following Bianchi (2011) we argue that this is due to the stylized nature of the
model which abstract from many real-world phenomena. In particular, crises in the model
do not destroy productive capacity through firm defaults, worker layoffs or contractions
in investment, which are important in real-world crises. A richer model which introduces
these features might deliver significantly higher welfare gains. We therefore see these

welfare gains as a lower bound.

5.5 Sudden Stops and Optimal Policy

In this section, we analyze the effect of optimal policy on the severity of Sudden Stops. As

before we simulate the model economy for 100.000 periods and use the resulting data to
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construct an 8 year event window centered around the Sudden Stop event. Figure[7]shows
typical Sudden Stops in the competitive economy compared to the planner economy.[ﬂ We
show foreign borrowing and liquid assets in levels to highlight the differences. All other
variables are plotted in relative deviations from their long run means. The top two panels
show that, compared to constrained efficiency, individuals underborrow in gross debt and
underinvest in liquid foreign assets. Furthermore, the competitive economy experiences
significantly more severe declines in both variables during periods of financial distress. In
both economies, the decline in gross capital inflows exceeds the decline in gross capital
outflows, which leads to a reversal of the net foreign asset position. The reversal is
much weaker under constrained efficiency at approximately 2% compared to 7% in the
competitive equilibrium.

The exchange rate, consumption and GDP also fall more sharply in the unregulated
equilibrium with especially large differences in the exchange rate and consumption (the
real exchange rate declines by 28% in the competitive and by 15% in the constrained-
efficient allocation; consumption declines by 8% in the competitive and by 4% in the
constrained-efficient allocation@. Particularly interesting is the large difference in the
real exchange rate which reflects the strength of the externality and is an important factor
for the more pronounced decline in debt levels in the unregulated equilibrium. GDP falls
by 23% in the competitive versus 14% in the constraint-efficient economy.

Finally, the macroprudential feature of optimal policy tools becomes evident from
Figure [§ which plots the optimal tax on debt and subsidy on liquid assets around a
Sudden Stops. Both policy rates increase by about 1% one period before the shock
materializes and decline sharply when the crisis hits. Ex-post, both policy rates rise at a

fast pace but remain slightly below their pre-crisis level.

5.6 Decomposing the Effects of Optimal Policy Interventions

In our model the planner intervenes by addressing three different inefficiencies in private
behavior: i) she engages in less net borrowing (for a given level of reserves) ii) she accu-
mulates more reserves (for a fixed level of net borrowing.) iii) and she reacts differently
once a crisis occurs. In this section we decompose the differences between the competitive
and the planner equilibrium into different interventions at the hand of typical sudden stop
episodes. In particular, we focus on the two macroprudential interventions. As we show

in the Appendix, differences between the planner and the competitive allocation due to

50We simulate both economies for the same shocks, identify Sudden Stops in the competitive economy
and then pick the same periods from the planner economy.

5INote that in contrast to Figure (2) use the CES agregate of consumption rather than consumption
valued in tradable goods here, as this is the welfare relevant measure.
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Figure 7: Competitive equilibrium vs. constrained efficiency
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ex-post interventions are quantitatively smal]@.

Overall, the interventions by the planner reduce the fall in tradable consumption
from 25% in the decentralized equilibrium to 15% below steady state in a sudden stop ]
Both macroprudential interventions make crises less severe by increasing consumption
possibilities in tradable goods in crisis states. Lower net borrowing achieves this by

reducing the amount of tradable goods that have to be repaid to foreigners. Higher

52We find that only 1.5% of the differences between decentralized and planner consumption in a crisis
arise from the difference in choices given the same initial states.

53Note that the two steady states are very close, so it doesn’t matter for this exercise which one is
used.
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Figure 8: Optimal policy during Sudden Stops
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liquid asset holdings increase net tradable output, which can be used for consumption and
serve as collateral for more borrowing. Since both interventions work through raising the
amount of resources available for tradable consumption, we can naturally compare their
relative importance. We find that on average 16% of the differences in consumption arise
directly from less net borrowing, while 10% arise from higher tradable output associated
with higher levels of reserves. Note that only the first effect is present in (Bianchi 2011),
while the second effect is new in our framework. Our analysis therefore shows that the
new motive for intervention we introduce is of similar importance as the well established
one in the literature.

Finally note that the combined direct effects of the interventions only account for
28% of the total difference in consumption between planner and competitive equilibrium.
The rest is caused by an indirect effect through the borrowing constraint: All three
interventions increase consumption, which raise the exchange rate and allow for more
borrowing. The extra borrowing capacity can in turn be used for consumption. The
indirect effect therefore accounts for 72% of the total difference, which explains how
relatively small interventions can lead to large differences in equilibrium outcomes.

Clearly this is only a positive decomposition and not a decomposition of the welfare
effect. Our definition of Sudden Stops is arbitrary and the costs of interventions have
not been taken into account. Nevertheless we think that this exercise provides an in-
sightful illustration of the relative importance of the interventions. We are not aware of
a natural way of directly decomposing the welfare effect of the planner’s interventions.

One alternative would be to solve separate Ramsey planning problems where the planner
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has only one of the instruments available as in ?ﬁ However, this approach also doesn’t
decompose the importance of the two inefficiencies, but rather which instrument works

better at addressing both inefficiencies jointly.

5.7 Simple Policies

In practice, optimal policy might be challenging to implement as it requires two information-
intense, state dependent policy tools. On the other hand, if macroprudential policy is
limited to simple rules it is questionable if theses simple policies can induce welfare gains.
In light of these concerns, we now investigate the welfare effects of simple interventions.
Figure [9] contrasts the effects of a fixed tax on debt ranging from 0 to .9% with the effects
of a fixed subsidy on liquid assets ranging from 0 to 1.2%. Evidently, a simple fixed tax
on debt reduces welfare for any tax level. The maximum welfare gain of a fixed subsidy
on liquid assets peaks at a subsidy of .7% and induces a welfare gain of 0.0038% which
amounts to about 12% of the gain in the constrained-efficient allocation. The best simple
policy combining both instruments is given by a .07% subsidy and a .03% tax which
achieves a welfare gain of .00662% (21% of the welfare gain implemented by the optimal
policy schedule.).

Figure 9: Welfare gain of simple policies
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Note: This figure plots the welfare gain induced by simple policies compared to the unregulated equilibrium in %.

The fact that a even a small tax on debt reduces welfare compared to the unregulated

allocation is in sharp contrast to previous ﬁndings.ﬁ In our framework, this effect is

54 In each of these problems one of the private inter-temporal optimality conditions becomes a con-
straint for the planner. The presence of future consumption in the constraint then introduces a time-
inconsistency in the planner problem. This time-inconsistency makes the problem numerically intractible

in our framework.
55See e.g. Korinek (2010), Bianchi (2011), Bianchi and Mendoza (2018).

35



due to the interaction between debt and liquidity holdings. In particular, a fixed tax on
debt 7° reduces individual incentives to invest in liquid assets which increases the costs
of crises and induces an aggregate welfare loss. Figure [16]in Appendix [G] shows Sudden
Stops in the competitive economy compared to an economy where a constant tax of .5%
is levied on gross borrowing. With the tax, agents engage in less net borrowing, however,
the economy is still experiences worse crises, since liquid asset holdings are lower. The
tax on debt therefore causes welfare losses in two dimensions: agents accumulate more
savings, which is costly due to their impatience, but at the same time they experience
worse crises

The intuition for the reduction in precautionary liquidity holdings becomes evident
from the Euler conditions for debt and liquid assets of the equilibrium when the regulator
implements a fixed tax’'}

o
RO+ 7 BE AN 41} (31)

A = BEAAg1 + &} (32)

By increasing the cost of borrowing, a tax on debt drives a wedge between the marginal
value of funds today and the marginal value of funds tomorrow in equation (31)). In
particular, agents now value funds today more as A\; has to increase relative to A.;.
This in turn increases the costs of investing in liquid assets, as can be seen in equation
. The only way how this condition can still hold is through an increase in &1, which
means the liquidity constraint is expected to bind more strongly. This can only occur,
if liquid asset holdings are reduced. Importantly, this effect is present for any policy
intervention targeting gross debt (e.g. quantity restriction on gross capital inflows) due
to the resulting wedge in the optimality conditions for borrowing.

This adverse effect can be offset in different ways. A natural example is to implement

b

a tax 7’ on net borrowing (b + 1), rather than gross borrowing. This yields the following

set of inter-temporal optimality conditions:

N
R(1+ 7

14+ (R—-1)(1+7
: <(1 + 7~'>b()R+ = — O — vy = BEA N1 + &} (34)

— e = BEA N1} (33)

At

Note that the optimality condition for borrowing is unaffected by this change, while the

optimality condition for liquid asset now contains a term that lowers the cost of holding

56Note that the differences in financial stability are small. The welfare loss therefore mainly comes
from the reduction in net borrowing.
5TWe consider a situation where the constraint currently doesn’t bind
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liquid assets. This is because, agents understand that borrowing used to finance holdings
of liquid assets is essentially tax free. Figure [10| shows the welfare gain associated with
such a policy. In contrast to the fixed tax on gross debt, a fixed tax on net debt increases
welfare for any tax level below 1.2%. The optimal fixed tax on net debt is given by

7 = 7% and induces a welfare gain of .0043% (13.5% of the welfare gain of the optimal
policy).

Figure 10: Welfare gain of a tax on net debt

4521073 Tax on net debt

36+

24

12

%o 02 04 06 08 1 12

Note: This figure plots the welfare gain induced by a fixed tax on net debt compared to the unregulated equilibrium in %.
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6 Conclusions

In the current analysis, we have provided a small open economy model that endogenously
generates international borrowing and liquidity holdings, but remains close to a workhorse
framework studied in Bianchi (2011). While our model environment remains stylized
in many dimensions, it can quantitatively account for the observed behavior of gross
goods and capital flows around sudden stops. Furthermore we obtain highly tractable
and intuitive results regarding social inefficiencies and optimal policy. In particular,
our results show that due to the presence of a pecuniary externality, individual agents
overborrow in net debt and underinvest in liquid assets compared to the social optimum.
Consequently, a macroprudential regulator needs to intervene in both private borrowing
and liquid asset holdings in order to restore constrained efficiency. An optimal policy mix
is a combination of macroprudential capital controls and reserve accumulation, combined
with suspension of convertibility in severe crises. Importantly, a tax on debt in isolation
is detrimental to welfare in our framework, as it reduces agents’ incentives to invest in
liquid assets and makes the economy more vulnerable to liquidity shocks. We find this
result highly relevant for the design of regulatory policy as policies exclusively aiming at
gross debt holdings distort incentives to accumulate liquid assets an can thereby increase
financial instability.

There are many promising avenues for future research, building on the analysis pro-
vided here. Since we have presented a real model, there is no role for liquid reserves in
stabilizing the nominal exchange rate. We see explicit exchange rate management by the
central bank as an integral part of a theory that aims to fully understand the accumulation
of foreign reserves and crises in emerging markets. Another interesting approach would
be to model the liquidity dry up in short-term markets endogenously, driven by suppliers
expectation of a depreciation and disruption in domestic production. Such a model could
endogenize the drop in collateral value of domestic production and thereby address some

of the concerns regarding the quantitative realism of the mechanisms proposed here.
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A Data and Robustness of Sudden Stop Patterns

The data we use are taken from the World development indicators (WDI) and the ex-
tended an updated External Wealth of Nations Mark II database provided by Lane and
Milesi-Ferretti (2006). In particular, we use data for 17 developing and emerging countries
from 1970-2011]% The description of the data is summarized in Table 2.

Table 2: Data

Variable Description Source
GDP Gross domestic product at current US$ Lane and Milesi-Ferretti (2006)
Consumption Final consumption expenditures WDI

in current US$
Foreign reserves Foreign exchange reserves minus gold Lane and Milesi-Ferretti (2006)
Liabilities Total liabilities Lane and Milesi-Ferretti (2006)
Other assets Total assets minus FX reserves Lane and Milesi-Ferretti (2006)
Imports Total imports of goods and services WDI

in current US$
Exports Total exports of goods and services WDI

in current US$
Exchange rate Real effective exchange rate WDI

(CPI-based), period average

Net foreign assets Per period change in NFA Lane and Milesi-Ferretti (2006)

relative to GDP at current US$
Trade balance Difference of exports and imports WDI
relative to GDP at current US$

58The data set includes data for Argentina, Brazil, Chile, Columbia, Croatia, India, Indonesia,
Malaysia, Mexico, Peru, Poland, Russia, South Africa, Thailand, Turkey, Ukraine, Venezuela.
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Figure 11: Sudden stops in the Data - Non-detrended data
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average over the windows around sudden stop episodes of Calvo, Izquierdo, and Mejia (2004).

To construct Figure (1) in the main text we take logarithms and apply an HP filter to
all variables except for net foreign assets and trade balance, which are already stationary.
We then construct nine year windows around the sudden stop events identified in Calvo,
Izquierdo, and Mejia (2004)@ In Figure (1) we show the means over these paths.

To highlight the robustness of the empirical regularities presented in Section 2 we fur-
ther perform several robustness exercises. In particular, we show results for the unfiltered
data, for different samples and results from a simple regression analysis.

Figure [11] plots means over non-detrended data for the same sample of Sudden Stops
used in the main text. For non-stationary variables we take logarithms and remove their
country specific means before averaging. As can be seen, the patterns discussed in the
main text are also visible in the non-detrended data. Slight exceptions are total liabilities
and exports which fall below their linear trends, but don’t actually decrease year on year.
The stylized facts are also visible in Figure which shows data for Indonesia, which
is used as a motivating example in Section 2. Note that liabilities fall while net foreign

assets only increase with some delay in this case.

59These dates are Argentina 2001, Chile 1998, Columbia 1998, Indonesia 1997, Mexico 1994, Peru
1997, Thailand 1996, Turkey 2001.
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Figure 12: Sudden stops in the Data - Indonesia
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Next, we use a similar method to Calvo, Izquierdo, and Mejia (2004) to identify
sudden stops in our full sample. In particular, we define a Sudden Stop as a period where
the trade balance increases by more than one standard deviation and output growth is
negative@ We use data for the 17 developing and emerging countries described abov@.
Figure shows the same graph as in the main text, with the new set of Sudden Stop
dates. All stylized facts discussed in Section 2 can be seen from this graph as well.

Finally, we run regressions including time and fixed effects as well as dummies for
each period within the crisis window, i.e. four periods before and after the event, for each
variable separately used in the main text. In order to increase the number of observations,
we use the sudden stops identified in the full sample described above. The results are
shown in Figure . The effects are still clearly visible for most variables. Interestingly,
the variation in net foreign assets and exports is largely taken out by time dummies.

Note however, that the coefficients on these variables are estimated very imprecisely.

60We use one standard deviation, since we only have access to yearly data.Calvo, Izquierdo, and Mejia
(2004) are using monthly observations, which allow them to pick up more short-term variations.

61We identify the following sudden stops: Argentina 2002, Brazil 1983, Chile 1982, Chile 1999,
Columbia 1983, Columbia 1999, Indonesia 1998, Malaysia 1998, Mexico 1982, Mexico 1995, Poland 1990,
Russia 1999, South Africa 1985, Thailand 1997, Turkey 1994, Turkey 2001, Ukraine 1998, Venezuela
1994, Venezuela 2002.
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Figure 13: Sudden stops in the Data - Extended sample
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Figure 14: Sudden stops in the Data - Estimated effects
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B Microfoundation of the Borrowing Constraints

In this section we show how the constraints |4] and [5| can arise as incentive compatibility
constraints in the contracting problem between domestic borrowers and international in-
vestors. In principle the contracting friction arises from limited liability coupled with the
possibility for borrowers to divert firm output at some cost so that it cannot be observed
by creditors. Similar microfoundations are widely used for these types of constraints, see
for example Bianchi and Mendoza (2018).

Due to the different debt maturities in our framework, the microfoundation first re-
quires precise definitions of the diversion technology, of the timing of events within a
period and of what contracts are possible. While a number of quite technical assump-
tions are necessary to achieve the result, we nevertheless find the insights of this section
interesting. Note that for this microfoundation it is necessary that liquid assets are held

by private agents and not the central bank.

Technology and Timing FEFach houschold is endowed with tradable A’ and non-
tradable labor A"V, both normalized to one. Providing labor causes no disutility to the
household so in equilibrium the household always works one unit in each sector. The
household can operate two technologies, where non-tradable output is produced accord-
ing to Y, = 2Vh" and tradable output is produced according to Y;I' = z(hT)=»v]. The
household runs separate limited liability firms in each sector, where output is produced.
Each household only works in firms it owns, so no wages are paid. These firms hold liquid
assets and borrow internationally on behalf of the household. New firms can be opened
in the beginning of a period and one household can operate multiple firms in the same
sector within a given period. Without loss of generality, we assume that the household
owns only one firm in each sector at the beginning of period t. The firm enters the period
with inter-temporal debt and a stock of liquid assets. We divide the period into seven

sub-periods:

1. The tradable goods firm needs to purchase intermediate inputs to production. At

this point it can fund them by taking on trade credit.

2. Before entering production, this firm has an opportunity to divert the purchased
inputs at a cost k22 F(14), in terms of the share of potential output. In case
of diversion inputs are used in a newly created firm, with no debt outstanding.
Within a period, inputs can only be diverted at a very large cost, i.e. 08 = 1°7

Diverting firms again face the problem in sub-period 1 and have access to trade

62For technical reasons it is necessary to assume that in case of diversion the household still retains
the asset, but pays an equal cost for diverting it.
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credit. In principle resources can be diverted infinitely often within a period, but

in equilibrium no diversion ever occurs.

3. Firms in both sectors enter production. Outstanding inter-temporal debt matures
and is repaid, defaulting firms are immediately shut down and generate no more
cash flows to their owner. Firms can issue new inter-temporal debt to finance
repayments and purchase (or sell) liquid assetsﬁ Creditors can observe labor and

intermediate inputs.

4. Trade-credit matures. At this point firms can already produce enough output to
make the payment’] A firm that fails to repay trade credit is immediately shut

down and has no more opportunity to divert funds.

5. Firms in the tradable sector again decide how many inputs to divert at proportional
cost k7 /RzF (v, and in the non-tradable sector at cost K¥Y™ of potential firm

output. Liquid assets can be diverted at cost §/R close to lm

6. Diverted funds are transferred to newly set up firms, with no debt outstanding.

They face the same problem as a firm in sub-period 3.@
7. If no diversion occurs output is produced and publicly observed.

As will become clear below, as situation, where x2 falls to 0, provides a microfoundation

for the liquidity shock.

Contracts We assume that all debt contracts written between domestic borrowers and

international lenders have the following features:

63 Any increases in the net asset position of non defaulting firms at this point have to be financed
through equity injections. This issue generally arises with collateral constraints of this type. Technically
it is possible to assume that households have enough private liquid funds available to do so. These funds
have to be understood as some (small) endowment, which becomes available only in this sub-period. We
don’t explicitly include these funds in the model however.

64Clearly this is preferable to injecting more equity for firms which plan to divert funds, as it lowers
the total amount of diversion costs. Firms which plan not to divert are indifferent between using equity
or output to repay trade credit.

6557 and B differ in our setting, since they occur at different stages of production. The first oppor-
tunity to divert occurs before production has even started. Generally we would assume that diversion is
easier at this point. Dividing by R is just a normalization, as inter-temporal borrowing is in already in
units of repayment next period.

66The motivation for this assumption is that trade credit is very short-term, which makes even more
difficult to divert liquid assets, so 8% = 1. During production more time passes, which gives firms some
opportunity to divert those assets, however, it remains costly, so 6 is close to 1.

67 As above, we assume that the diversion costs don’t diminish the quantity of inputs and liquid assets,
but accrue as monetary costs to the household that owns the firm
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1. There is limited liability: if a firm output cannot repay its debt, the owners’ private

assets cannot be seized by creditors

2. However, if a firm produces enough oberservable output to repay the debt in full
after the debt contract has been signed, but pays out dividends to its owners and
defaults, then this default is considered fraudulent and private assets can be seized
and the owners criminally prosecuted. We assume that, if found guilty of fraud,

the household receives —oo utility.

Incentive Compatibility We first analyze a situation where x” = 1. In this case
no diversion of inputs can be profitable to the household in sub-period 2 and we can
focus on the inter-temporal contract. We now consider the decision to divert funds in
sub-period 5. We follow Bianchi and Mendoza (2018) and define the continuation values
of a diverting W4(b,l,tc) and a non-diverting firm W (b,[,tc), where b is the level of
intertemporal borrowing, 1 liquid assets and tc outstanding trade credit. Assume that a

diverting firm faces the following problem@:

WA, U te) = mazggy md + BEV (1,17 (35)

S.t.
d=(F(v)—te)(1—k"/R)+ (1 —0/R)' +0"/R— (I" + 1) (36)
V' > kT (2 F(v) —tc) — 01" (37)

here we have used the fact that, if the firm chooses to divert funds, it will first produce
enough to repay trade-credit to avoid immediate liquidation. The owners will therefore

divert at most net tradable output. The value in the no default case is given by
W (', U tc) = maxqd + SEV (Y, 1) (38)

S.t.
d=(F(v)—tc) (39)

[.e. dividends are simply given by the output minus repayment of trade credit. We
now guess that optimal choices of a firm after diversion are the same as choices before
diversion, so b = b and [” = I’. This implies that the two continuation values are equal.

Taking the difference between W¢ and W under this assumption implies that the firm

68 At this point the borrowing constraint is still a guess. We verify that it is consistent below.
69Since we only compare intra-period cash flows, weighing by marginal utilities is unnecessary.
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will chose not to divert funds if d < d, i.e.:
V >~k (5 F(v) —tc) — 0l (40)

Which is the same constraint faced by the firm after diversion. Given that value is linear
in d and under the constraints " = ¢’ and [” = [’ is feasible both before and after
diversion, the choices will coincide and our guesses are verified. Once the firm produces
output in period t, this is observed by creditors. This means any later default on this debt
will be considered fraud. Owners therefore always choose to repay their inter-temporal
debt in sub-period 3. This establishes that in sub-period 3 creditors will impose the
constraint 40l Note that in sub-period 1 v can only be purchased using trade credit so
tc=vin equilibrium@.The case of a non-tradable firm follows analogously, with the only
difference that non-tradable output is weighted by the real exchange rate. Aggregating
the two constraints at household level delivers exactly the constraint [4|in the main text.

Next we show that the liquidity constraint [5| is imposed of firms in sub-period 2.
A firm that diverts inputs in sub-period 3 transfers all resources it can extract to the
household, who sets up a new firm and again has the chance to obtain trade credit. The
diverting firm will still raise enough equityi7_r| to repay its outstanding inter-temporal debt
to avoid fraud charges, but then cease operations and default on its trade credit in full.
We therefore ignore inter-temporal debt here. Consider a firm, which holds liquid assets
1 and has raised trade credit to purchase inputs v. If it defaults diverts its inputs, the
firm can again raise trade credit to purchase v’ and continue its normal operations. This

firm receives cash flow v/ minus diversion costs of old inputs
vV — kP4 F(v) — 671, (41)

while a non diverting firm generates no cash flows in this sub period. In the same way as
the inter-temporal collateral constraint, the choices v/ and v coincide and continuation
values are exactly the same. The firm will therefore divert whenever it can generate a

positive cash flow. This yields the constraint:
v < kP4 F(v) + 671, (42)

We assume that in normal times k® > v*/[2,F (v*)], so no diversion is never profitable and

the constraint never binds. In case of a liquidity shock xZ = 0, so only liquid assets can

"OWe assume that suppliers cannot act as intermediaries therefore won’t lend more than the value of
goods that are sold. In any case the firm has no other use for the funds at this point.

"'Note that production doesn’t happen in time to repay inter-temporal debts, so it makes no sense for
the firm to leave productive resources in the firm.
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serve as collateral. These facts deliver the constraint 3l in the main text. Note that this
microfounds the liquidity shock as a situation where domestic assets lose their function as
collateral for trade credit. Furthermore this microfoundation also allows for the stochastic
process for kP to take values between 0 and 1 in which case domestic output and the

liquidity constraint will be linked endogenously.

C Average share of imported intermediate inputs in
the data

We compute the share of imported intermediate inputs in GDP as follows: The average
ratio of total imports to GDP in our main dataset is 27.1%. From the OECD Structural
Analysis Databasesr_?], we obtain data on average shares of intermediate inputs (56%),
consumption goods (12%), capital goods (15%) and mixed use goods(16%) in total im-
ports for our set of countries from 2005 to 2018. For Venezuela data is missing after
2013 and Thailand has a missing observation in 2017. Since capital goods are not part
of our model, we attribute them fully to intermediate inputs to production. We then
assume that mixed use goods are used according to the same shares as the rest of the
imports. This yields a ratio of imported intermediate goods to total imports of 85.5%.
Combining this with the ratio of imports to GDP yields a ratio of imported imports to
GDP of 23.5%.

D Competitive Equilibrium with Taxation

We first derive the optimality conditions and optimal tax rates in section in the main
text and then provide a discussion of how expectations of private Lagrange multipliers
in section can consistently understood as arising from an economy, where optimal
policies are implemented starting in period t+1.

We assume that taxes are introduced in some period t and are expected to remain
forever. Private agents therefore expect to be on the constrained efficient equilibrium
path from now on. We therefore look for a set of taxes, such that the private first
order conditions for borrowing and liquid asset holdings are satisfied on the constrained
efficient equilibrium path. Note that future taxes affect expected Lagrange multipliers
and expectations are taken accordingly.

Consider a set of (state-dependent) taxes 77 and 77 on end of period bond and liquid

asset holdings respectively. Bonds are taxed before interest, i.e. the tax applies to %.

http://www.oecd.org/industry/ind /stanstructuralanalysisdatabase.htm
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Taxes are implemented such that an agent, who holds 1 unit of a particular asset receives
a transfer of ;7= (This formulation allows us to write taxes like interest rates, see below.).
If holdings of the asset are positive, this transfer is positive and the tax becomes a subsidy,
if holdings are negative a tax has to be paid. We find this formulation analytically most
convenient, note however that these assumptions are without loss of generality.

The private budget constraint, given the taxes becomes:

lt—i—l bt—l—l

(1 + 7_[) R(]_ T Tb) = [th(Vt> - pth] +pivyiN + I+ b + Tt, (43)
t t

civinjLCtT—l—

where T, are lump-sum rebates of the tax revenues. No other equations in the private
agents’ optimization problem are affected, so equations and in the main text
follow immediately. The positive part of the tax in equation then follows from
equation by where we have used the fact that p; = ;¥ = 0 and \; = ¥ =
ur(t). In cases where the inequality in (23], is not satisfied, the planner chooses to
borrow up to the constraint. From equations [J] and [22] it is obvious that in these cases
the household LM p, is also positive, so no tax is necessary to implement the optimal
borrowing level. As said in the main text, however, any tax or subsidy (as long as the
household still wants to borrow up to the constraint) implements the constrained efficient
borrowing level here. Importantly another choice of the tax rate still affect the level of
the multiplier ;.

Equation (24)) requires more discussion. Note that private expected future LMS shows
up in this equation. As just said, however, the private LMs depend on the tax rate on
borrowing in states where the constraint binds. The subsidy on liquid assets is therefore
not unique, even in states where no constraint currently binds, but depends on future
expected taxesm Given a state dependent tax on debt, the multipliers can be computed
for every possible state and deliver a unique tax/subsidy on the liquid asset. As above
this tax can be found by using equations , and , @ and combining equation
, with . Importantly this doesn’t imply that the planner can implement the
constrained efficient allocation with only one instrument by using the degree of freedom
once the constraint binds to manipulate the expected private LMs in such a way that
holds for 7/ = 0. We conjecture that this is generally impossible, since setting 7! = 0
pins down 7% at the constraint to satisfy current the Euler equation for liquid assets.
We don’t consider verifying this conjecture an interesting exercise, since designing and

communicating such a policy would require excessive sophistication.

73In this context one might be worried about time consistency of the Ramsey problem. Note, however,
that Ramsey planner can implement the constrained efficient solution, so the private inter-temporal
optimality conditions are not binding constraints for her and here problem must be time consistent.
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D.1 Competitive Equilibrium with Reserve Accumulation

If the planner replaces the positive parts of the liquidity subsidy by accumulating reserves

at the central bank, the budget constraint of the representative agent becomes:

bii
R(1+7P)

L
l

T+ = [2F(ve) — povi] + pyl 4 1 + I + by + T,(44)
t

Mol + el + ey +
The only difference to the budget constraint above is the presence of reserves [ held by the
central bank. These reserves are not chosen by the household itself, but they can serve
as collateral for inter-temporal borrowing and will be made available for to households
in case of a liquidity shock. In both the collateral and liquidity constraint the relevant
amount of liquid assets is therefore [, + Zt+1. The presence of central bank reserves
reduces private incentives to hold liquid assets. If l; is larger than the competitive choice,
households will choose to hold no liquid assets privately. Using similar steps as above,

the equations in proposition 2 arise.

D.2 Private LMs in the constrained efficient equilibrium

We now turn to the interpretation of private LMs in section 4.1} To allow comparisons, we
evaluate all choices on the constrained efficient equilibrium path throughout that section.
Since private agents would make different choices, it is therefore unclear how to interpret
their optimality conditions if all decisions are made by the planner. To allow a consistent
interpretation, we assume the following:

As long as the inter-temporal borrowing constraint doesn’t bind, households are forced
to comply with the planners’ choicesr_zl. In these cases we can interpret the (current) resid-
uals in the private Euler equations as household incentives to deviate from constrained
efficiency.

Unfortunately we cannot compute meaningful private Lagrange Multipliers p; on the
inter-temporal borrowing constraint using this approach. If the household is forced to
choose the same allocation as the planner, the borrowing constraint doesn’t matter to its
decisions. This multiplier (and its expected value), however, are central to understanding
the incentives for the liquid asset choice. We therefore assume that, whenever the planner
is borrowing constrained, households are allowed to choose borrowing themselves, but
liquid assets are still determined by the planner. Due to the presence of the constraint,
households choose the same allocation as the planner, but we can compute a Lagrange
multiplier on the borrowing constraint p;. Under this assumption we can also analyze

the differences in incentives for the liquid asset choice, both in the unconstrained and in

" Even though we omit the associated Lagrange Multipliers for readability.
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the constrained case.

It might not be obvious at first sight that, given this set of assumptions, our discussion
reflects economically interesting differences in private and social incentives. To alleviate
this concern note that it is equally possible to consistently interpret the expectations
over L1 as private Lagrange Multipliers on the borrowing constraint, assuming that
from period t+1 onwards the optimal tax and subsidy defined in equations and
are implemented. Given these policies the household consistently expects the constrained
efficient equilibrium to be implemented in the future. Moreover, whenever the borrowing
constraint actually binds, the tax is set to zero so the multiplier reflects the true shadow

value of violating the constraint.

D.3 Planner vs. private shadow value of the borrowing con-

straint

In this section we investigate the differences in how planner and private agents value the
presence of the borrowing constraint. Understanding the relationship between the two,
requires us to consider situations where the borrowing constraint is currently binding, i.e.
wt > 0. Rearranging the planner and competitive optimality conditions we get the

following relationship between the two multipliers

MigP‘I’t
R

pr = ¢ + - BEt{Mfﬁ“pt—i—l}' (45)

Since these are endogenous, general equilibrium objects we cannot show whether one
or the other multiplier is larger in general. Nevertheless, this equation is very useful
to develop intuition about the difference in how the planner and individual households
respond to the presence of the constraint. In particular, both understand the benefit
from relaxing the constraint and increasing consumption, captured by their respective i,
however, the planner makes two more considerations. First, she understands that relaxing

the constraint and increasing consumption raises the real exchange rate, which in turn

it
.

the planner also understands that relaxing the constraint today increases the borrowing,

further relaxes the constraint. This effect is captured by the term Moreover,
which tightens the constraint tomorrow, as given by the term SE {5V, 1}. This
precautionary motive lowers the planner’s shadow value relative to the individual agent.
While in general it is unclear which effect dominates, note that the negative term is
discounted with  which is smaller than }%, but is otherwise the same expression shifted

by one period. On average, the planner thus values relaxing the constraint more than

5Tt is obvious from the two optimality conditions that p; > 0 if u? > 0.
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the individual agent.

Furthermore 7 is much larger than u, in states where P is currently large because
a binding collateral constraint forces the economy to deleverage which implies a slack
borrowing constraint in the following period, i.e. Et{ufﬁ} is close to 0. Especially in
a crisis, the planner hence values relaxing the borrowing constraint clearly more than

individual agents.

E Computational Solution

Even though our equilibrium conditions are relatively compact, the model has several
features which make the computational solution challenging. In particular there are two
endogenous states and two occasionally binding constraints. Moreover the model features
an amplification mechanism in the price of non-tradables, which introduces a strong non-
linearity in the region where the borrowing constraint binds.

We solve both for both competitive and constrained using policy function iteration,
using a variant of the algorithm in Wolf (2019). In particular we guess the expectations
in the Euler equations [9] and [I0] on grids for endogenous states. On the grid we then find
the policies that satisfy Euler equations given expectations, which we linearly interpolate
between grid points, since optimal choices generally don’t lie on the grid. We then update
expectations as a convex combination between the previous guess and the value computed
from the new policies. We do so by computing equilibria for all possible combinations
for binding and non-binding constraints and then choose the equilibrium that satisfies all
constraints.

We approximate the AR process for productivity in the tradable sector by a first order
Markov process on a 5 point grid using the common Tauchen algorithm. We then choose
grids for the endogenous states using 400 points for borrowing and 400 points for liquid
asset holdings. Combined with the two states for the liquidity shock, we solve for the
policies on 1600 000 grid points in each step. We iterate on the Euler equations until
maximum absolute differences in expectations on the grid between iterations are smaller
than 107° in the relevant part of the state space.

We check accuracy by doubling the number of grid points for the endogenous states
(the grid becomes 800*800*2*5) and computing differences between the two approxima-
tions on the smaller grid. The maximal absolute differences in consumption between the
two solutions is smaller than 0.01% while the mean difference is smaller than 0.001%. For
the positive analysis of the model, the approximation seems clearly sufficient. Since the
welfare gain of the optimal policy is only 0.032% of steady state consumption, one could

nevertheless be worried about the accuracy of our normative analysis. Note that by defi-
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nition the welfare gain of implementing the optimal policy must be weakly positive in the
whole state space if the solutions are accurate. As a further robustness check we therefore
compare the value function of the competitive and planner solutions on the whole grid.
We find that the minimum welfare gain is strictly positive at 0.02% of consumption. We

conclude that our solutions are accurate enough for the normative analysis as well.

E.1 Details on the algorithm

The algorithm is complicated by the fact that liquid assets and bonds are perfect substi-
tutes from the point of view of current consumption, as long as the borrowing constraint
is not currently binding. This can be seen by the fact that equations [0 and [I0] have the
same left hand sides in states where no constraint binds. It is therefore not generally
possible to satisfy both equations, for a given set of expectations, which makes it im-
possible to solve for an equilibrium. Note however, that in case of a liquidity shock v,
is predetermined by [;. We use this fact to pull F, out of the expectation in the Euler
equation for liquid assets, which allows us to solve directly for liquid asset holdings, given
expectations.

In some regimes solving for the intra-temporal equilibrium given expectations involves
a non-linear system of equations. Solving this system in every iteration would make
computation infeasibly slow. We therefore solve the non-linear system in advance on a
fine grid, and linearly interpolate in the inner loop. This grid is chosen such that maximal

residuals between points are smaller than 1075,

E.2 Decomposing the Effects of Optimal Policy Interventions

The ex-post intervention by the planner cannot be compared to the macroprudential
interventions as directly, since planner and competative agents make their decisions at
different points in the state space. To provide an illustration of its importance, we
conduct the following analysis. For each crisis we solve for the competitive equilibrium
at the endogenous states on the path of the planner economy. We then compare choices
made by the planner to the competitive ones. We find that the planner chooses a higher
level of consumption and a lower level of liquid assets, as she internalizes that this reduces
the fall in the exchange rate. However, only 1.5% of the differences in decentralized and

planner consumption in a crisis arise from the difference in choices given the same states|”|

61t is not surprising that this effect is rather small, given that analytically even its sign is unclear.
In line with our theoretical analysis we find that the effect becomes more important if we restrict our
attention to more severe crises, but it remains relatively small. If we require capital outflows to rise by
2.5 standard deviations rather than 2 in a sudden stop, 3.2% of the consumption differences are due to
the ex-post intervention.
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Overall the effect of the ex-post intervention is an order of magnitude smaller than the

effect of the macroprudential intervention.

F Sudden stops with and without liquidity shock

Figure [15| compares sudden stops that coincide with a liquidity shock with sudden stops
which are purely caused by a decline in productivity. This second type of sudden stops
corresponds to the sudden stop events in Bianchi (2011). As can clearly be seen in the
figure, imports hardly decline and exports even increase if there is no liquidity shock, as
optimal levels of intermediate inputs can still be financed. Liquidity shocks are therefore

necessary for the model to generate the observed collapse in gross good flows.

G Sudden stops with a fixed tax on debt

Figure shows a comparison of sudden stops caused by liquidity shocks in the un-
regulated equilibrium compared to an economy where a 0.5% constant tax on debt is
implemented. Again we identify sudden stops in the baseline economy and then average
over the paths for the same sets of shocks in the economy with taxation. The graph shows
that liquid asset holdings are smaller with the tax in place. Moreover the responses of all
variables during the sudden stop are larger in absolute values in the economy where the

tax is implemented. This shows that even a small tax is detrimental to financial stability.
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Figure 15: Sudden stops without liquidity shocks
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Note: The blue solid line corresponds to sudden stop purely caused by declines in total factor productivity, the red dashed
line to sudden stops that coincide with a liquidity shock. In order to compare levels, bond holdings and foreign reserves are

plotted in absolute values; * relative deviations from mean.
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Figure 16: Sudden stops with a fixed tax on debt
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Note: The blue solid line corresponds to the unregulated competitive equilibrium, the red dashed line to the regulated
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