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ABSTRACT

ESSAYS IN MACROECONOMICS WITH FINANCIAL FRICTIONS

Eugenio Rojas

Enriqgue G. Mendoza

This dissertation consists of two chapters on macroecar®mvith financial frictions.
The first chapter studies the role of firm heterogeneity intthasmission of financial
shocks to the real economy. Evidence from the recent Eurodeht crisis shows that
firms responded differently to the severe credit tightenireg occurred during this period,
where smaller ones adjusted their balance sheets moresaggly and performed better in
economies with a more skewed firm size distribution. A modiblterogeneous firms, that
face financial frictions (defaultable debt and costly egjissuance), a financial intermedi-
ation sector, and a sovereign, is proposed to explain tlaese fFinancial frictions are key
because they generate financing structures that dependrosiZie, where small firms rely
more on equity than debt, which is relatively more costlyffiSiently large increases in
public debt trigger a binding lending constraint for thesmmbediaries that cause a crowding
out of private lending and leads smaller firms to adjust mioam targe firms. Quantitative
results show that firm heterogeneity has aggregate effadtthat the model, calibrated to
match Spanish firm-level data, is consistent with the emglifiacts during the crisis. The
second chapter studies the positive and normative impicaof “liability dollarization”,

the intermediation of capital inflows in units of tradableidomestic loans in units of ag-

Vi



gregate consumption, on Sudden Stops models. Liabilitadpation adds three important
effects driven by real-exchange-rate fluctuations that atandard models of Sudden Stops
significantly: Changes on the debt repayment burden, onribe pf new debt, and on a
risk-taking incentive. The optimal policy under commitrh&time-inconsistent, follows a
complex non-linear structure, and shows that when domeisdit or capital inflows taxes
are present, capital controls are not justified. Quantiitj an optimized pair of constant
taxes on domestic debt and capital inflows makes crisesti§litgss likely and yields a
small welfare gain, but other pairs reduce welfare sharpty:. high effective debt taxes,
capital controls and domestic debt taxes are equivaledtf@riow ones welfare is higher

with higher taxes on domestic debt than on capital inflows.
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Chapter 1

Firm Heterogeneity & the Transmission
of Financial Shocks During the

European Debt Crisis

This paper studies the role of firm heterogeneity in the trassion of financial shocks
and its macroeconomic implications. The analysis focusea particular event, namely
the severe tightening in credit conditions for firms durihg tecent European debt crisis.
This event was a natural experiment that provided abundamtiével data on the effects
of a sharp, sudden deterioration of credit-market conaktion non-financial firms in the
countries most affected by the crisis: Greece, Irelandly, IRortugal and Spain (GIIPS).
Existing studies have shown that an important channel exptathe deterioration of the
financing conditions of firms during this event was the “crovgdout” channel, as doc-
umented byBroner et al.(2014 and more recently byAcharya et al(2018 andBecker
and Ivashing2018. Increased government borrowing and bank holdings ofiputabt

in these countries generated a crowding-out of privateitgndeducing loanable funds



available to firms and increasing their financing cdsts.

The first part of this paper uses the Amadeus database to cioaaempirical analysis
of the effects of the financial shock described above on nmamndial firms in the GIIPS
countries. The empirical analysis yields two important fieeings regarding the relevance
of firm heterogeneity in the responses of firms to the obsesuggk in sovereign debt: First,
smaller firms adjusted their sales, liabilities, assetd,eanployment more than large firms.
Second, smaller firms experienced smaller adjustment&gethiariables in countries with
more skewed firm size distributions. The data also show thahfiing costs, measured as

the ratio of debt service to total debt, increased more fallemfirms.

The second part of the paper proposes a model to explain the dlcts and derives
its quantitative implications. The model has three main gonents. First, a heteroge-
neous firms sector. Firms are heterogeneous in terms of ghigiy, capital, and debt,
and face financial frictions in the form of defaultable defd @ostly equity issuance, mod-
eled as imperfect substitutes. These features endoggngersérate a time-varying firm
distribution. The second component is a financial interiswéoh sector. A representative
financial intermediary lends to firms and the governmenintaan occasionally binding
constraint on loanable funds. The last element is the govent. For simplicity, aggregate
fiscal shocks and a fiscal reaction function drive public digiotamics. The firms’ financial
frictions generate different financing structures, withadifirms relying relatively more
on equity than large firms, where size is defined by a firm’stahptock. The asymme-
try in the responses between small and large firms arisestfierfact that the former are
more financially constrained, so they need to issue equitgrmften, and thus face a more

expensive financing mix.

1. Another channel through which the government affectedfitancing conditions of firms during this
episode is the pass-through of sovereign risk, as studie@dnnaioli et al(2014g, Gennaioli et al.
(2014h, Bottero et al(2015, Sosa-Padill§2015, Bocola(2016. According to this channel, increased
sovereign risk negatively affected the balance sheet efrimtdiaries, who held sovereign bonds, gener-
ating a worsening in the financing conditions of firms.

2



When public debt is sufficiently high, the bank’s constrdirtds, so the amount of
resources available for firm lending falls (i.e., there is@ding-out effect), increasing
firms’ borrowing costs. Since firms have different financityictures depending on their
size, due to financial frictions, they respond differentBecause equity issuance is in-
creasingly costly, small firms switching (partially or eety) from debt to equity financing
adjust more aggressively than larger firms that rely redftitnore on debt or internal re-
sources. This is because issuing even more equity comesiatr@asing cost, pushing
small firms closer to the default cutoff, so they have to adpagre their investment and
output. The size-dependent responses to the financial smgpdkthat economies with dif-
ferent firm size distributions should adjust differentizdaomies with a higher fraction of
small firms (i.e., less skewed firm size distributions) atjugre because small firms adjust

more aggressively when financing costs increase.

Interestingly, in this model firm heterogeneity has aggregaplications. The severity
of financial frictions and the magnitude of the financial dhaffect the evolution of the
distribution of firms, and hence the dynamics of aggregateamnes such as output. In
particular, the model predicts a larger fall in aggregatpouwhen the firm size distribution
is less skewed. We observe a similar pattern if we compareiarv. Spain. During the
crisis, Portuguese output declined more and took longezdover than the Spanish case.

Portugal also has a firm size distribution that is signifilyaleiss skewed than Spain’s.

The model is calibrated to match firm-level features of Spakor an increase in
sovereign debt consistent with the Spanish case, the moeeicps that small firms ad-
just more than large ones, and that smaller firms would rethssetheir debt and capital
stocks if the economy had a larger firm-size dispersion. Rixggthe aggregate effects
of firm heterogeneity, the model predicts an output drop afldy half the size of the de-

cline observed in Spain during the European debt crisis. g2zoimg with the results for the



same model setup but with a representative firm, output dyvgf@spercentage points more
(with respect to its long-run average), in the economy wétetngeneous firms. Hence, in
the presence of financial frictions, firm heterogeneity afeglthe responses of aggregate

variables to a tightening in credit conditions significgntl

The contributions of this paper are threefold. First, it dlments the two new facts
mentioned earlier using a rich European firm-level datasetely that during the European
debt crisis small and large firms adjusted differently ugendame financial shock (where
the latter adjust less aggressively), and that small firnceimtries with more skewed firm
size distributions adjusted less during this episode. Eogbifindings related to the facts
mentioned, such as the onesBifttero et al.(2019, which uses Italian firm-bank credit
relation data, show that small firms adjusted more theirstiment than large ones. In
the same contextrellano et al.(2017) finds that increases in Italian sovereign spreads
decrease more sharply the sales growth of small firms. Thgsrpgarovides evidence on
more balance sheet variables for the set of countries theg mest affected during this

episode and also studies the role of the skewness of thédisdn of firms.

Second, it contributes to the literature on heterogenegesta in production with ag-
gregate uncertainty. In the model, financial frictions makas’ responses to be non lin-
early scalable in size, and as a result firm heterogeneitgfgegate implications. This
is a key departure from classic approaches, particueiynanke et al(1999, in which
the distribution of wealth is irrelevant. The model comlsirfferent features of the in-
vestment financing literature, such as costly equity isseg@omes 2001 Cooley and
Quadrinj 2001) and defaultable debtHennessy and White@007), and extends its tradi-
tional framework by including aggregate uncertainty viscoagynment and financial inter-
mediation sector. This paper is closer to the worlkbfin and Thomag013 andKhan

et al. (2014, which studies aggregate fluctuations generated by csbditks in the con-



text of firm heterogeneity, and it differs in two dimensioii$e first one is that this paper
explicitly models the financial intermediation sector, whthe size of the financial shock
is a function of the distribution of firms. The second diffece is that the model allows for
(costly) equity issuance. The imperfect substitutabitiggween equity and debt is a key
feature of the model and produces size-dependent resptm$ieancial shocks that are
consistent with the ones observed during the European disis. cln this line,Gilchrist

et al. (2014 proposes a setting with heterogeneous firms facing siffiiiancial frictions
(but abstracting from financial shocks) to analyze the iogtions of uncertainty shocks on
investment dynamics. In more recent wa@kfonello and Winberry2018 studies the role
of monetary policy shocks in a framework with heterogendwoss and financial frictions,

but not allowing for equity issuance and aggregate unceytai

The third contribution is related to the literature on trengmission of sovereign debt
crises to the real economy. This paper focuses on studymgrihwding-out effect that
sovereign debt has on the availability of funds for non-faianfirms. It shows that firm
heterogeneity along with financial frictions are key to gate an amplification effect, by
which a tightening of private financial conditions in resperno a sovereign debt crisis has
large adverse effects on aggregate output. Empirical warkh asAcharya et al(2018
andBecker and Ivashiné2018, shows that during the crisis government debt crowded-
out private credit and investment. In this regaBdoner et al (2014 provides a theoreti-
cal framework to explain the crowing-out channel, wheralitrdiscrimination is the key
driver. This paper contributes to this strand of the literatby assessing the role of firm

heterogeneity on the crowing-out channel.

This paper is organized as follows. SectibA provides the empirical analysis of the
role of heterogeneity across firms in the effects of the firdrghock triggered by the

European debt crisis. Sectidn2 presents the model. Sectidr3 presents the calibration



and assessment of the model's equilibrium outcomes, asasethe quantitative results
regarding the transmission of financial shocks and the riofero heterogeneity. Section

1.4concludes.

1.1 Firm Heterogeneity & the European Debt Crisis

This section presents an empirical analysis of the effets@ated on non-financial firms
caused by the sharp increase in sovereign borrowing dunmdctiropean debt crisis. In-
creased sovereign borrowing generated a crowding-outtedie firm lending, which af-
fected the financing conditions of non-financial firms in theolved economies. This
section focuses on analyzing the effects of this financiatks at the firm level using the
Amadeus databaseThis database contains roughly 21 million firms across Eewr&jrms

of all sizes are required to report information about thelahce sheets, so that the sample
that is possible to access is more representative of theenduminomy than other popular

datasets, such as Compustat (which only contains pubigtgd firms).

In order to study the responses at the firm level to the sayebt surge, which is an
aggregate shock, a panel dataset is constructed. Firmgat6&rireland, Italy, Portugal and
Spain are considered, as these countries were the modeadfidaring the debt crisis. The
analysis focuses on the time period of 2010 to 2014, in oalavoid the Great Recessidn.

The estimated specification is given by the following equrati

5 5
Xijt=BBjt+ Y &QijtkBit+ Y &QijrkBjtSkit+KBjtSKit+7 i y+0aij+0ije
k=2 k=2

(1.1)

2. The database was accessed through Wharton Researchdbates (WRDS). A brief description of
how variables were treated and generated is presented Apitendix.

3. Unfortunately, the speed at which the Amadeus databageleted does not allow to include 2015 at the
moment this paper is written. Years 2015 and 2016 are notpeglulated in terms of observations, so
they are omitted from the analysis.



wherex; j+ denotes the outcomefor firm i in country j at periodt, Bj; corresponds to
the gross public debt-to-output ratio for counjrat periodt, Qk is a size dummy that is
equal to 1 if the firm belong to thetk quintile of firm size , Sk; represents the skewness
of the firm size distribution in country at periodt, z is a vector of controlsg is a firm
fixed effect, andy is the error ternf. The outcome variables studied are the logs of sales,

total assets, total liabilities and employment, at the fiexrel

This specification allows us to capture the semi-elasticftyhe dependent variable
(measured in log) with respect to increases in governmestt dat allowing for differen-
tial effects in terms of firm size and skewness of the coustiiym size distribution. For
example & reflects the differential effect that increases in debt lavéirms of different
size, whileg captures a similar effect but considering different lewdlskewness of the

firm size distributiorf

The regression equation is estimated using fixed effectsedirm level’ The estima-
tion results are presented in Taldlel. The results show that increases in sovereign debt
decrease firms’ sales, liabilities, assets, and employmAdeb, larger firms perform bet-
ter than small firms when sovereign debt increases, as it eaeén from the coefficient
associated with the interaction>BQy. However, when considering the triple interaction
between debt, firm size and skewness of the firm size disiiipuive see that the large

firms do not perform better than small ones in economies wéle@ness is larger. This is

4. Control variables include a set of lagged versions of aitome variables, as well as firm size quintile
dummies, and year dummies.

5. We also performed robustness checks regarding the aaldifimore controls, in order assess whether
it is indeed government debt the variable affecting the feme! outcomes. In particular, we include
1-year sovereign CDS spreads and also an estimation ofabgdin of general government debt held by
domestic banks, for each country. For the latter we follogvitiethodology presented Arslanalp and
Tsuda(2014. The estimation results do not change significantly.

. The semi-elasticity of variablewith respect to variablg is given byg,x = d('j—";'

7. An alternative version is estimated using random effant$ adding controls for industry and country.
The results do not change significantly, but the Hausmastesigly rejects the usage of a random effects
specification. Another possibility is to use a pooled OLSc#fmtion. We present in the Appendix the
comparison between the fixed effects, random effects, aalkk@@®LS specifications.

(e}
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the case for all variables except for employment, where thatgr the skewness the better

the larger firms perform in relation to small ones.

The magnitude of the coefficients is relatively small, b@ttistatistical significance is
quite high, as suggested by their p-values. To make the sisaynpler, Tabld.2 presents
the implied semi-elasticities in response to an increasmefpercentage point in the ratio
of gross public debt-to-output. At the average sample skesnan increase in sovereign
debt decreases the sales of small firms by 0.27%, while fgeléirms the decrease is
smaller, 0.129%. These decreases might seem small, but it is important tothatethe
average increase in government debt in 2012 was large. kon@e, in the case of Spain,
in 2012 the debt-to-output ratio increased by roughly 1@&@etage points. Thus, for this
case, the semi-elasticity results predict that sales dsetkby 4.4% for small firms, and
1.9% for large ones, a large drop in both cases. We continoiederve an asymmetry in the
adjustments of small and large firms, where the former adpgst than the latter, except

for the case of liabilities.

The estimated coefficients can be used to compare the resptmsncreases in the
sovereign debt-to-output ratio between small and largesfaanoss countries with different
levels of skewness of the firm size distribution. Varying lineel of skewness allows us to
analyze whether these responses are different betweetriesurThis exercise considers
the contrast between the semi-elasticities to increaseshhc debt-to-output for Portugal
(low skewness) and Spain (high skewness). The second adddtis of Tablel.2presents
the results. We see that (i) small Portuguese and Spanishdijnst more than large firms
in terms of sales, liabilities, assets, and employment,that(ii) Portuguese firms (small
and large) adjust more than Spanish firms for the same setrialbles. The first result
is consistent with the pattern found for the entire sampdenely that small firms adjust

more than large ones. The second one reveals the role of dwneks of the firm size

8. Coefficients with a p-value above 0.10 are set to 0 whenltzing the semi-elasticities.

8



distribution. Firms in countries with a lower skewness atjmore to an increase in the

sovereign debt-to-output ratio.

Table 1.1: Panel Regression Results

Variable Log(Sales) Log(Liabilities) Log(Assets) Log(kRlmyment)
B -0.003 -0.003 -0.001 -0.003
(0.000) (0.000) (0.000) (0.000)
Q2 0.327 0.718 0.519 0.161
(0.000) (0.000) (0.000) (0.000)
Q3 0.562 1.250 0.909 0.285
(0.000) (0.000) (0.000) (0.000)
Q4 0.754 1.712 1.237 0.368
(0.000) (0.000) (0.000) (0.000)
Qs 0.864 2.103 1.532 0.424
(0.000) (0.000) (0.000) (0.000)
Bx Q> -0.001 -0.001 -0.000 -0.001
(0.000) (0.000) (0.000) (0.000)
B x Q3 0 -0.001 0.000 -0.001
(0.000) (0.000) (0.474) (0.000)
B x Q4 0 -0.001 0.000 -0.001
(0.036) (0.000) (0.000) (0.000)
B x Qs 0.002 0.000 0.000 0.000
(0.000) (0.054) (0.000) (0.367)
B x Q, x Skewness 0.000 -0.000 -0.000 0.000
(0.058) (0.003) (0.000) (0.000)
B x Q3 x Skewness -0.000 -0.000 -0.000 0.000
(0.727) (0.000) (0.000) (0.000)
B x Q4 x Skewness -0.000 -0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.000)
B x Qs x Skewness -0.000 -0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.013)
B x Skewness 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.934)
Year Effects Yes Yes Yes Yes
Fixed Effects Yes Yes Yes Yes
Controls Yes Yes Yes Yes
Observations 3,195,072 3,308,816 3,313,051 3,119,977
R? 0.58 0.736 0.911 0.585

Notes: B denotes the gross public debt-to-output ratipjsa dummy variable that is equal
to 1 if the firm belongs to th&th quintile of firm size, and Sk is the skewness of the firm size
distribution. Countries include Greece, Ireland, Italgrtegal and Spain. Clustered standard
errors at the firm level considered, p-values in parentheses



The analysis presented above shows two important new fiadaygarding the relevance
of firm heterogeneity and firm size distribution. First, digrithe debt crisis, small firms
adjusted more than large firms. Second, small firms in ecoe®nvhere the skewness
of the firm size distribution adjusted less than their corpdags in economies with lower

skewness.

Table 1.2: Implied Semi-elasticities for Debt Increasesr¢Entages)

Sales Liabilities Assets Employment

Small Large Small Large Small Large Small Large
Average Skewness -0.269 -0.115 -0.273 -0.277 -0.131 0.01m26¢ -0.263
Portuguese Skewness -0.319 -0.150 -0.309 -0.294 -0.179170.-0.267 -0.266
Spanish Skewness -0.300 -0.136 -0.295 -0.288 -0.158 -0.003267 -0.265

Notes: Small firms are those that belong to the first quinfilérm size, and large firms correspond to
those that belong to the fifth quintile.

The last exercise of this section seeks to assess whetheagas in sovereign debt
indeed increased the financing cost of firms. Unfortunatbly,Amadeus database does
not contain information about contractual interest ratasl oy firms. It is possible to
construct a proxy for the average effective interest raté pg the firm. In particular, we
can compute; = %‘g&%, which proxies for the average interest rate paid by firms.

Unfortunately, the database does not allow us to identiéyntiaturity of the debt.

In order to assess if the financing costs respond to incraasssvereign debt, the

following specification is estimated:
5 5
r,jt = BBjt+ ;@Qi,LLkBj,t + ;%QLLLkBj,tSkj,t +KBj1SKit+7Z jry+aij+Nijt
K= K=
(1.2)

where the set of independent variables is defined in the say@svin the previous regres-

sion equation. Tabl&.3 presents the estimation results.

10



Table 1.3: Panel Regression Results, Financing Costs

Variable ri x 100
B 0.000
(0.000)
Q> -0.011
(0.000)
Qs -0.017
(0.000)
Q4 -0.022
(0.000)
Qs -0.027
(0.000)
B x Q> -0.006
(0.222)
B x Q3 -0.027
(0.599)
B x Q4 -0.03
(0.972)
B x Qs -0.043
(0.637)
B x Q, x Skewness 0.000
(0.007)
B x Q3 x Skewness 0.000
(0.000)
B x Q4 x Skewness 0.000
(0.000)
B x Qs x Skewness 0.000
(0.000)
B x Skewness -0.000
(0.000)
Year Effects Yes
Fixed Effects Yes
Controls Yes
Observations 2,852,913
R2 0.001

Notes: B denotes the gross public debt-to-output ratjois@ dummy variable that is equal to 1 if the firm
belongs to théth quintile of firm size, and Sk is the skewness of the firm siz&itlistion. Countries include
Greece, Ireland, Italy, Portugal and Spain. Clustereddstaherrors at the firm level considered, p-values in
parentheses.

The magnitudes of the coefficients are quite small, althahgy are statistically signif-

icant. To make the exposition clearer, average responsesiso computed. The implied
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increase in the average interest rate for a small firm in respdo a 1-percentage-point
increase in the public debt-to-output ratio is of 2 basismiwhile for large firms it is
0.9 basis points. For the case of Spain in 2012, the increasgl{ly 16 percentage in the
debt to output ratio) meant an increase of 32 and 14 basisggminsmall and large firms,
respectively. Although the magnitude is not large, theatffare statistically significant,
which reflects the fact that part of the increase in financwggsof firms is being captured

in this analysis.

1.2 The Model

The model consists of 4 main components. First, is a hetesages firm sector, where
firms differ in their debtlf) and capital stocksk}, and idiosyncratic productivityz). Firms
face financial frictions (defaultable debt and costly egissuance) which affects how they
finance their investment, leading to non-trivial financitgistures which are firm-size de-
pendent (where size is defined by the firm’s capital). The-warging distribution of firms
is denoted by . Second, a financial intermediation sector lends to thersayeand firms.
Financial intermediaries live 2 periods and are born wittalreA. The limited wealth
generates an occasionally binding constraint, that igéngd when government debt is
sufficiently high. In case the constraint binds, the pricavhich the governmentgf)
and firms ¢|) can borrow decreases, which is a financing cost shock fosfif@overeign
borrowing crowds-out private borrowing. Third, the sovgne Sovereign debB) dynam-
ics evolve according to a fiscal reaction function and to #adization of aggregate fiscal
shocks €). The state variables for the sovereign are its outstardibgjand the fiscal shock
(S= (B, ¢)), which will also happen to be the aggregate states of theauny. Lastly, a

risk-neutral household sector that own firms and receivesfeasT from the government.

The timeline of the events of the model between pertaaisdt+ is as follows. At the
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beginning of the period, the aggregate shock is realized.sbwereign borrows according
to its fiscal reaction function, outstanding debt and rediln of the shock. Firm produc-
tivity for the period is materialized, and the firm decideset¥ter to default on its debt or
not. In case of default, the firm exits forever and is repldmgd new one. If it decides to
continue operating, it chooses its investment and how tadi@d (debt, equity issuance, or
internal resources) for the next period. The price at whinehdovereign and firms borrow

is determined jointly with the problem of the representfimancial intermediary.

1.2.1 Firms

Firms accumulate capitak, through investment, which can be financed by (i) internal
resources of the firm, (ii) debb) and (iii) equity issuance. Firms face two kinds of financial
frictions, defaultable debt and costly equity issuanceis Bbtting is similar to the one of
Hennessy and White(2007), which builds onGomes(2001) andHennessy and Whited
(2005.° Firm debt is risky, because can be defaulted on. The pricdathviirms borrow,

g, depends on their observable state variables and on thegajgrstates of the economy
(which will be specified below). Equity issuance, on the oth@nd, is costly, reflecting
that the firm incurs in costs when trying to raise resourcesdijng equity. This is a
fairly common assumption in the corporate finance liteei{@omes 2001, Cooley and
Quadrinj 2001, Hennessy and White@007 Jermann and Quadri2012), and allows for

the existence of a trade-off between different sources tafreal financing.

The production technology of a firm is given byz k) = zk* (with a < 1), where
z denotes its productivity. Firms are subject to idiosyrncrahocks to their productivity,

which follow a finite state Markov process characterizedhi®y €DFG(Z|z). The law of

9. These articles provide a partial equilibrium settingdeiag heterogeneous firmslennessy and Whited
(2007 considers firms that differ in their productivity, debtdarapital, that can default on their debt and
face equity issuance costs.
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motion for capital is given bk’ = k(1— d) +i, wherei denotes investment andlis the

rate at which capital depreciates. There is an investmeguastent cost that the firm must
/! 2 N . -

pay, which is given by (K k) = % (k? — ) k. Firms are subject to a proportional tax

on profits, and incur a fixed coBtto operate.

Before production begins each period, firms decide whethdefault on their debt or
not. If they do, they exit the economy forever and are remldme a firm with no debt,
a level of capitak, and productivity drawn from the long-run probability dibtition of
the Markov process specified abo@ (z)).1° Additionally, in case of default, nothing is
recovered by the firm, but creditors recover a fracioof the firm’s undepreciated capital.

Firms obtain a continuation valdéin case they decide not to default.

In order to finance investment, firms can rely on internal ¢emal financing. Internal
resources consist of all the resources the firm has avaidtgdeproducing and paying for
the operational costs and outstanding debt. External fingraonsists of debt issuance
and/or equity issuance. The price at which a firm can borrqvedds on its productivity,
capital for the next perio#, and borrowed amourhit. This is because the price responds
to the expected future default probability of the firm, whista function of how much it
borrowed and invested today, and of its expected futureymtddty.>* Hence, if borrowing
is too high then the likelihood of future default might inase, and this will be reflected
in the price of debt. The equilibrium price is determined bg tnteraction between the
government, firms, and financial intermediaries, and is mfoenced by aggregate states
S and the distribution of firm$§. Denote the equilibrium price faced by a firm with the
above characteristics ly(z k',b’; S,T). If firms decide to issue equity they incur a cost
A(e) = A€?, wheree denotes the amount of equity being issued. The functiomah fo

assumed is similar to the one usedJ®rmann and Quadrii2012, andCovas and den

10. This assumption keeps the mass of firms in the economyarins
11. Given that productivity follows a Markov process itslization today gives information about future
realizations.
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Hann (2012, and rationalizes the fact that there are increasing malgiosts associated
to issuing equity, such as underwriter fees, as showiddoysen and Torregro$4992 and

Altinkilic and Hansen(2000.

The problem of a firm that does not default is given by:

V(zk b;ST) = E V(Z,K,b';S,1),0 1.3
zkbST) = max e BE,gpsmaxV( o) s

S.t.
e=(1-1)(zK —F)—K +k(1-8) — W(K.k) +q(zK,b;S,T )b —b— D Ae)
M =Q(sr)

wheree denotes the cash flow to sharehold@rglenotes an indicator variable that is equal
to 1 whene < 0 (when there is equity issuance) and O otherwise,@uedrresponds to the
law of motion for the distribution of firms. Finally, firms chee their capital for next period
and debt from sets?” and 4, respectively, which are compact sets. ASSomes(2001),

2 is compact because it is a closed and bounded set. It is bddraia below by 0 and
bounded above by a levie] which is the largest possible capital stock that is profitddr
the firm and solvesrzk?~1 — § = 0. Thus, we can defing” = [0, k|. Regarding the choice
set for debt, given a price scheduje, k',b'; S,I"), debt will be bounded below by 0 (firms
cannot save via debt) and above by an endogenous ﬁ;éxz,ek( ;S,IM) that represents the
maximum debt a firm can take, which will be a function of pratility and capital choice
(and aggregate states) and such tl(atk’,B(z, K;ST);S, I =0. Hence, we can define
2 in a similar way as’#”. The choice corresponden¥éz S,I") is defined a¥(z S,I') =
{(K,b):K €.# b €[0,b(z,K;S,)]}. Note that this correspondence is convex, compact

valued and continuous.

Notice that from the expression for the value function of tinen we can see that a
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threshold rule for productivity will apply. Let(k,b; S, ") be defined as:
V(z(k,b;S,T),k,b;ST)=0 1.4

z(k,b; S,I") defines the cutoff value of productivity for which the firm idecide to default
on its obligations. It follows that we can defimEz, k,b;S,I") as a binary variable that
takes the value of 1 if the firm defaults today conditional ebtccontracted in the previous
period, and 0 otherwise:

1 if z<z(k,b;ST)

d(zk,b;S,;I") =
0 if z>zkbST)

Using the decision rulel(z k,b; S,I") we can define the probability that a firm defaults
in the future. Given The default probability tomorrow for enfiwith productivityz that

chooses capitd’ and borrowsy’ today is given by:

Bz K,b;S,T) =Ey, [d(Z,K,b;S,T")] =Pr(Z < z(K.b;S,")|2) (1.5)

1.2.2 Financial Intermediation

Risk-neutral intermediaries that live for 2 periods arenbatth a level of wealthA, and
have to decide how much to lend to the sovereign and fifiihe fact that intermediaries
live for 2 periods, as irAguiar et al.(2016 and Coimbra and Rey2017), simplifies the
setting because there is no need to keep track of the evolitibeir level of wealth, while

maintaining the key idea of the crowding-out between sagarand firm lending.

If a firm defaults, the intermediaries recover a fractof the undepreciated capital

12. Intermediaries are identical and there is a mass 1 of.them
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((1—9)K). In case of sovereign default, they recover nothing. mestiaries face a limited
liability constraint (i.e. dividends cannot be negativepbth periods, and loanable funds
constraint in the first period, where dividends plus funds tannot exceed. The problem

of the representative financial intermediary is given by:
coemmeemn BEg zsX] (1.6)
S.t.
X+ o¥B/(S) + / q(zK (2, k,b),b (2 kb))t (z k, b)dr (2 k,b) < A
X = B/(S)(1—d9(B(S)) + / [0/ (z,k,b)(1 — do(z, K (2. k, b), b (2, k, b)))
+d(z,K(zk,b),b'(z k,b))6K (z, k,b)(1— 3)]dr (zk,b)

x,X >0

wherex andx denote the dividends of the first and second period, reségtt’ (z k, b)
denote the amount lent and to a firm with characterigtids b), k'(z k, b) is the choice of
capital for next period of a firm with the same characteristandB’ denotes the size of
loan going to the sovereign. The discount factor of the regmeative intermediary is given
by [§ .

The loanable funds constraint occasionally binds becdngssum of sovereign borrow-
ing and aggregate firm borrowing is not necessarily equdktred of wealthA: if it is less,
the constraint does not bind, while if it is equal to the lesklvealth the constraint binds.
The time-varying nature of public and aggregate privatd deberates periods where the

constraint may or may not bind.

The first order conditions of the intermediary’s problemegikie pricing functions for
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sovereign and firm debt, as well as a slackness condition:

1-d9(B'(S)))] _ z1-pI(B(9))
14+u(Sr)y 7 14+u(Sn)

q(zK,b;S,T) = BE[l_ d(z, liffz(é—r(;(l— 5)K)]

o¥(B;S,IN) = BE[( (1.7)

1 B(zK,b)(1—8(1—5)K)

=B 1+u(Sn)

(1.8)
(A_\— q%(B’;S,MNB/(S) —/q(z, K (zk,b),b'(z k b); S, (zk b)dr(zk, b)) u(S,r)y=0

(1.9)

wherep(-) represents the Lagrange multiplier of the loanable fundstraint of period 1,
d9(B') is a binary variable that is equal to 1 if the sovereign dé$aaind O otherwise, and
p9(B') is the probability the sovereign defaults in the next pergiden a loar8’.*® u de-
pends on the aggregate states of the economy and on theutisini of firms because these
two elements influence the level of sovereign borrowing dsad the aggregate demand for
debt of firms. This multiplier reflects the marginal utility the intermediaries’ wealth, so

the higher the value it takes the more binding the constrvaihbe.

Equations {.7) and (L.8) define the price at which the government and a firm with pro-
ductivity z choosingk’ andb’ can borrow. Part of the structure of these pricing functions
has standard features, such as being decreasing in theexhattire probability of default
or being increasing in the recovery in case of default. Notiat the Lagrange multiplier
for loanable funds is present in these functions. When taedble funds constraint binds,
which is likely to happen when public debt is high enough,ghee at which the govern-
ment and firms can borrow decreases. The latter is equiMalemt increase in the interest

rate paid on loans. The value that the multiplier takes i$ ¢hat the loanable funds con-

13. The Lagrange multiplier for the limited liability comaint in period 2 is always 0, as the non-negativity
constraint will never bind. To see this note that period Ad#inds are composed by the sum of non-
negative payouts of assets.
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straint is met with equality, so different magnitudesuo€ould be observed depending on

the dynamics of public debt.

1.2.3 Sovereign

The sovereign issues one-period non-state contingentstidatia priceg®. The primary
balance of the sovereign is given by a fiscal reaction func¢iihich depends on an aggre-
gate fiscal shock € [g, €] that follows a Markov process with CDE%(¢’|€), and on the
level of the outstanding debt in the current period. Thugpeaiodt, the primary balance
is given by Pb= n(B, &). This formulation is in line with the literature on publiclate
sustainability, initiated byBohn (1998, and also used in the analysis of debt crises, as in
Lorenzoni and Werning2013. As Bohn (1999 showed, a sufficient condition for the
intertemporal budget constraint of the government to hslthat there is a (conditional)
positive response of the primary balance to lagged debt.fiSbal reaction function can
also exhibit non-linear responses to lagged debt, as ith&ilbpecified below, in order to
capture the possibility of “fiscal fatigue”, as ®hosh et al(2013, and still be consistent
with fiscal solvency. For low levels of public debt the priméialance slightly increases as
debt rises, for higher levels of debt there is a much larggporse, but at some point the

response of the primary balance weakens.

Finally, the sovereign defaults with probabilipy. This is a function of the amount of

borrowing, and which is modeled by the following reducedriatructure:
p.1 = min{max{as+ BsBt;1,0}, 1} (1.10)

The likelihood of default will have a direct effect on theqeiat which the sovereign can

borrow, as will be specified in the financial intermediati@ctson. Given that sovereign
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borrowing can potentially crowd-out private investmegitwill be a function of the distri-

bution of firms and aggregate states.

The dynamics of debt, then, are obtained from the budgeti@ntsof the sovereign:

a®(Bt+1;S,t)Bri1 = B — Ph(S) (1.11)
Bi1 < argmax (B, S, M) Braa

+1

whereB1(S,Tt) = B(S,Tt) is the policy function for debt.

The budget constraint of the sovereign imposes endogerehtdithits. To see this,
note that the right-hand-side of equatidni(]) is given for the current states of the economy
S. Given§, 'y, the left-hand-side forms the familiar Laffer curve for débe., forB;. 1),
but there is no guarantee that even at the level of debt theihmizes the resources raised
the equality will hold. Two cases can occur. In the first oner¢hare two values dd; . 1
that solve equationl(11), which is equivalent to say that these two values produee th
same revenue. If this is the case, the lowest amount of dsktested. In the second case
there is no value 0B;_ ; that solves the mentioned equality. Here, debt is set to balég

Bir1 = argmaxg®(Bii1; S, Mt)Br. 1, and the primary balance is adjusted correspondingly.

In order to maintain consistency of the sovereign’s probléme primary balance is

redefined by:

) f - 9 3
Ph(S.F) = nB,&) if Bi—n(B&) < By (1.12)

B —B1 if Bi—n(B,&)> B

Lastly, government revenues at periodre given byt (S,t) = 7 x 1%(S,t). In or-
der to ensure that the fiscal reaction function for primarlabee is consistent with tax

revenues, a transfdf to households is considered. This transfer is suchTi&, 1) =

20



f(S, Ft) — Pb(St, Ft) fort > 0.

1.2.4 Households

Households in this model are assumed to be identical, eskral agents that own firms and
consume an endowmeht plus transfers from the governmeht The structure assumed
for the households simplifies the setting of the model arahalto focus on the firm sector,
which is going to be the relevant actor for the transmissidinancial shocks towards the

real economy.

1.2.5 Equilibrium

Given an initial distributior o, a Recursive Markov Equilibrium consists in a value func-
tions for the firmV, policy functionsb, k, d, 2, pricing functionsg, g9, u, and a law of

motionQ such that:

(i) Given#, u,q,T andQ,V(zk,b;S,I") solves the problem of the firm atﬁ(ﬂz, k,b;S ),
B(Z, k,b;S, ") and 6(2, k,b;S, ") are the corresponding policy functions for capital,

debt, and default.
(i) g3(S,IN) andq(z k,b;S,I") solve the pricing equation of financial intermediaries.
(i) p(S,IN) is consistent with the slackness condition of financialrimidiaries.
(iv) T evolves according tbo’ = Q(S,I").
(v) Budget constraint of the sovereign holds.

(vi) Aggregate resource constraint holds.
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1.2.6 Understanding the Mechanism of the Model: A 2-Period @se

This section provides a 2-period version of the full modedgented above. In order to

highlight the economic intuition of the mechanism drivithg tmodel.

In the first period firms have an initial capitkd and productivityzgp. They decide
how much to invest, borrow, produce, and whether to issuéyequnot. The production
technology is the same as the one specified above. Debt islddi@, and equity issuance
is costly. Firms are subject to an operational fixed €ostboth periods. Firms issue equity
whenever dividends in period 1 become negative. In periofdfizns do not default, they

repay their debt and produéé.
The problem of the firm is given by:

max YA () <0}+BE 1.13
{907elykl7b1}a) (€o)®P{€0 < O} + BEy 5 (€] (1.13)

s.t. (1.14)

&0 = 20k§ — ki +q(by)by —F

elzzlkf—F—bl

whereg denote period = 0,1 dividends® = is an indicator variable that is equal to 1 in
case the firm issues equity, and 0 otherwise,/Afel = & denotes the equity issuance cost

function.

Define thdinancing gapof a firm as the difference between resources needed to eperat

and invest minus the resources available to do so. Giveandb;, the financing gap is

14. In period 2 dividends cannot be negative, as the firm wptdder to default. Thus, there is no equity
issuance in period 2.
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given by the following expression:

Financing Gap= ky + F — zok§ — q(b1)by (1.15)

A firm is constrainedvhenever the financing gap is strictly positive, amdonstrained
if the opposite occurs. Note that a constrained firm, coowl#i onk; andby, does not have
enough resources to finance its investment. Hence, it negdytalso on equity issuance.

The amount of equity issued is such that the financing gap is me

Letk; andb; denote the unconstrained solutions for capital and del®riog 1, respec-

1
k’{+F—q(b§)b;] a

tively. The “marginally constrained firm” has an initial ¢&gb given byky = [ %

Defining size as the amount of capital, we can conclude thatawith initial size greater
or equal thark) will be unconstrained, while if the opposite is true then fine will be
constrained. Hence, whenevgr< kj the firm will have a positive financing gap and will
issue equity.

The combined first order conditions of the firm’s problem (@ms#mg differentiability

of the pricing function of debt), for a firm with initial capitky and productivityzy, yield

the following conditions:

BE,, 7, [azk{ 1] = 1+ N (ep) P{ep < 0} (1.16)

(a(by) + o (b1)b1) (1+ A (o) P{ep < 0}) = B Pr(er > 0) (1.17)

These conditions are a central part of the model's mechabmsoause they imply that
constrained and unconstrained firms choose different imexgt and leverage levels. To
see this, consider equatiof.{6 first. For a constrained firm issuing equity, the right-
hand-side is strictly greater than 1 (given tiéf-) > 0), which implies that this type of

firm has a higher marginal product of capital in period 1 tham@aconstrained firm. Given
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that the production function has decreasing returns tees¢hls means that the capital
accumulation for period 1 is smaller than for an unconse@iirm. Equation1.17) implies

that the marginal benefit of debt is higher for a constrainead fhat is issuing equity. The
intuition for this is that for every unit borrowed the firm ssvthe equity issuance cost,
which makes debt more attractive. Comparing again with aionstrained firm, we see
that a constrained firm tends to use more debt in relatiorstsizie, and thus has a higher
leverage ratio (measured bg/ko). Lastly, note that constrained firms issue equity and use
debt at the same time, which implies that they have a morensigefinancing mix than

unconstrained firms.

The previous paragraphs showed hsmall (constrained) andhrge (unconstrained)
behave in terms of their investment and how they finance it.nde explain how these
features interact with the rest of the elements in the modalsume that the sovereign
borrows an amouri®; at a priceq?, and that its initial primary balance and debt arg Pb
—&y andBg > 0, respectively. Regarding the representative financiatimediary, assume
an identical setting as the one specified earlier (wherengritinctions are determined in
a similar way). Lastly, for simplicity, assume that a fractim of firms in the economy
has initial capitak$ < ki (and hence a fraction 1 m has capitak}) > k). Given this,
the funding constraint that the intermediary faces;i®1(Bo, €))B1(Bo, £) +m-q(b$) b5 +

(1—m) -q(b'l)b'1 < A, with a corresponding Lagrange multiplig(Bo, £, m).

Assume that the realization efis such that the lending constraint binds. TheftB,),
q(b$), andg(b}) decrease, g8(Bo, &,m) > 0 because the constraint binds and the demand
for funds needs to be consistent with the supply of them. Aeadese in the price lowers
the marginal benefit of debt, measured as the resourceseitiir every unit borrowed,
for both types of firms. This makes them substitute debt faitgepr internal resources.

Initially constrained firms will issue even more equity, wiidirectly affects more their
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investment in relation to initially unconstrained firms. Jee this more clearly, consider
again equation1(16). Given that/A(-)” > 0, issuing more equity increases even further
the marginal product of capital for period 1, which impliésit investment is decreasing
more for a firm that was constrained initially. This is the kagchanism of the model.
The financial frictions that firms face shape their financitrgcure, and these are size-
dependent. Thus, firms of different sizes respond difféyegntthe same financial shock,

measured as an increase (decreasg) ().

To conclude this subsection, note that the aggregate aifette financial shock de-
pends on the fraction of firms that are initially constrainbdt there are two channels
operating. The first channel is the most evident one, whicleisrmined by the composi-
tion of firms in the economy. This is, small firms adjust moreitinvestment than large
firms, so an economy that is composed by a large fraction ofl $immas should have a
larger response to the same shock than an economy that hrgeiaftaction of large firms.
The second channel is a general equilibrium channel. Ghatrthie response of the debt of
firms also varies across size, economies with different fmmmosition will have different
dynamics for the marginal utility of the intermediaries’ alih. Economies with a lower
skewness in firm size distribution (i.e., a larger fractidrsmall firms) are more sensitive
to changes in the value @f (because small firms adjust more when the lending constraint
binds), so a milder increase m is required to generate the same adjustment than in a
higher skewness economy. Both of these channels are opeittithe same time, so a
guantitative analysis is required in order to see which typeconomy (i.e., less skewed

firm size distribution v. more skewed) will adjust more in giresence of a financial shock.
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1.3 Quantitative Analysis

1.3.1 Model Solution & Calibration

The presence of aggregate risk in the model makes the distnibof firms a relevant
state variable that plays a key role in pricing functions @feseign and firm debt. Firm
distribution is a high-dimensional, so keeping track ositomputationally very difficult.
In order to deal with this problem, we follow the approachketisell and Smith(1998
and assume that agents are boundedly rational in their pt@neof how the distribution
evolves. We assume that the dynamics of the firm size disimivare approximated by a
set of moments. In particular, the distribution is summnetily the cross-sectional variance
of capital, and firms consider the marginal utility of theeimhediaries’ wealth (a market
clearing price) to be a state variable and use a linear agressive linear to forecast future
values of these objects. This approach is similar to the ardayed inKrusell and Smith
(1997, but it differs on the fact that here the price follows ancmegressive rule. The
algorithm used to solve the model is described in the AppetdiThe results from the

Krusell-Smith regressions are also presented in the sactiesef the Appendix.

The calibration of the model proceeds as follows. We starsdiying the values of a
subset of parameters that can be obtained directly fromdtee @ the literature (external
calibration). We then set the rest of the parameters of tha@afrto match specific targets
from firm-level data (internal calibration), which are ckasn order to be consistent with

observed moments of the cross-section of Spanish firms atriyyeequency:®

External Calibration  The discount factor of firmg is set to 0.96, which is a standard

15. An additional complication that arises in this settinghat the problem of the firm has kinks and non-
concavities, which makes difficult to solve this problemngscollocation methods or methods that rely
on first order conditions. Hence, the problem of the firm iwadlvia value function iteration.

16. All of the moments that are targeted in the calibratientapse obtained for the 2005-2008 period, in
order to avoid the large distortions of the Great Recessimhadso to check the external validity of the
model.
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value in the literature. The value for the capital depreéocratated is 0.11, which is in line
with data from EU KLEMS for depreciation of Spanish capit@he production function
parameterq, is set to ben = 0.65, consistent with the estimatestéénnessy and Whited
(2007, using cross-sectional data of non-financial, unregdlitens from Compustat. The
recovery parameter for the financial intermediaries is @ehatch the recovery rates of
subordinated debt provided by Moody’s (22.9%). The recpvate defined in the model

is 6k(1— &)/b. The average leverage ratio of Spanish firms in the Amadetabalse for
the 2005-2008 period i8/k = 0.55, and the depreciation rate of Spanish capital is 0.11.
Replacing these values in the recovery rate of the modedy&1 — 0.11) /0.55= 0.229,
which implies@ = 0.142. The corporate effective tax rate is set torbe 0.224, in line

with data from the Spanish Ministry of Finance.

The fiscal reaction function follows the structure@fosh et al(2013. They specify a
reaction function of the form: RB= vg+ v1B+ v2B2 + v3B3 + £. Hence, this rule requires
setting 4 parameter values. For the interceptis set to 6.464 in order to match the av-
erage (pre Great Recession) ratio of gross public debtitped of Spain (according to the
IMF WEOQ). The rest of the parameters are set to equal thoselfouGhosh et al(2013.
Lastly, the parameters of rule for the sovereign’s defardbpbility areas = —0.036 and
Bs = 0.094. We obtain these parameter values from a linear estmathere the inde-
pendent variable is the gross public debt-to-output rainal the dependent variable is the
yearly default probability implied by CDS spreads of 1-y&panish sovereign bonds.
The data sources are IMF WEO and Markit.

Internal Calibration =~ We choose 6 parameters of the model to match moments of the
firm-level data. The problem of the firm is relatively nondar, and most moments are

altered when one parameter value changes. In order to findsmmable set of initial

17. A l-year maturity could reflect more accurately soveraigfault risk as it is closest to a (potential)
default episode.
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parameters, we solve a reduced version of the full modek fi@duced version is a partial
equilibrium model, where firms face an aggregate shock ti@keases the interest rate
at which they borrow. We solve the simplified version 30,0@fes. For every time the

model is solved there is an initial random draw of a vectorargmeters from a uniform

distribution. Thus, for every draw of parameters, theregsmesponding set of moments.
We then plot the median of different moments for given valofegarameters (discretized
grids). This provides useful information regarding whicbments are more sensitive to

each parameter.

We assume that the productivity processllows a log-AR(1) structure:

log(Z) = p;log(2) + oz (1.18)

wheree ~ #(0,1), p, is the autoregressive coefficient, aoglis the variance of the pro-
ductivity process. The productivity is discretized foliogg Tauchen1986. The values of

pz and oy are internally calibrated, and are set so as to target tloeaurelation of profits-
to-capital ratio (zk* — F)/k), which is equal to 0.858, and the cross-sectional standard

deviation of the investment to capital ratigK), equal to 0.219.

The parameter of the adjustment cost of capilalis set to bay = 0.064, in order to
match the average autocorrelation & observed in the data (0.186). The fixed operational
cost,F, targets the default ratio of firms which is roughly 2%, andastoF = 0.026. The
equity issuance cost parametar, is equal to 5.428 and is chosen to target the average
leverage ratio of firms observed in the data, which is 0.55tliathe endowment of the
financial intermediary is set to &= 0.251 so the average interest rate faced by firms is

roughly 4%, a value that is common in the literature.

Summary of the Calibration & Model Fit A list of all the parameter values obtained

in this calibration to Spain are presented in Tahle
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Table 1.4: Parameter Values

Parameter Value Description Target
o2 0.796 AR Coef. Productivity Autocorrelation of Profits
o; 0.198 Std. Dev Productivity Std. Dev. bk
W 0.064 Investment Adjustment Cost Autocorrelation /&
F 0.026 Fixed Cost Firm Default Rate
A 5.428 Equity Issuance Cost Firm Leverdyd
A 0.251 Bank Endowment Average Interest Rate
B 0.960 Firm Discount Factor Standard
o) 0.110 Capital Depreciation EU KLEMS
a 0.650 Capital Share Hennessy and White(@007)
0 0.142 Recovery rate Moody’s
T 0.224 Tax Rate Spanish Ministry of Finance
Vo 6.464 Primary Balance Spanish Government Debt/GDP
Vi -0.225 Primary Balance Ghosh et al(2013
Vo 0.003 Primary Balance Ghosh et al(2013
V3 0.000 Primary Balance Ghosh et al(2013
ds -0.036 Sov. Def. Prob. (I) IMF WEO & Markit
Bs 0.094 Sov. Def. Prob.(S) IMF WEO & Markit

The process for the aggregate fiscal shock is represente@-atate Markov process

with high and low valuesg| €). In order to calibrate the transition matrix of this prages

we use the time series for the Spanish primary fiscal baldnme, 1950 to 2010. This

information is obtained from the Public Finances in Modeiatbty database of the IMF

(Mauro et al, 2013. We define a low-realization period whenever the primararee

is below its long-run average minus one standard deviatind,a high-realization period

if the opposite occurs. Using this definition, we constring transition probabilities by
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identifying the frequency with which the time series traiosis between the two states.

The transition matrix for the process is:

Pr(e' =¢le=¢) Pr’=¢le=%) 0.943 Q057
Prie’ =¢le=¢) Pr¢’=¢le=¢) 0.250 Q750

In order to assess the fit of the model we compute moments fromlaions of the
model and contrast them with those of the actual data, whebbtain from Spanish firms

in the Amadeus database. Tall& presents the comparison of moments.

Table 1.5: Targeted and Non-targeted Moments

Targeted Model Data
Default rate 0.017 0.020
Leveragelf/k) 0.550 0.547

Cross-sectional Std. Dev. ofk  0.291  0.219
Autocorrelation ofi /k 0.200 0.186
Autocorrelation ofrt/k 0.772 0.858

Non-targeted

Investment-capital ratig/k 0.151 0.128
Equity Issuance Frequency 0.108 0.098
Profits-assets ratim/k 0.178 0.103

Cross-sectional Std. Dem/k  0.126 0.149
Cross-sectional Std. Dels/k 0.203 0.262
Autocorrelation ofb/k 0.750 0.903

Except for the cross-sectional volatility of the investritercapital ratio, the model does
a reasonable job in terms of fitting targeted moments of Spdirim-level data. Regarding

non-targeted moments, the model performs relatively wetérms of approximating non-
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targeted moments. The fact that the model performs realowali in terms of matching
these firm-level features suggests that it is a good bendhimastudying the transmission

of financial shocks to the real economy.

Policy Functions & Model Mechanism The 2-period model presented in sectib

suggested that small firms, which are more financially camrs#d than large ones, would
reduce more their investment in comparison to large firms @&sponse to the financial
shock. Using the solved model we can assess if the policytimeproduce results that

are consistent with these predictions.

Define the financing gap of the full model by:

FG(z k,b;S,T) =K (zk,b;S,T) +b+W(K(zk b;SI),k) —(1-1)(zK —F) (1.19)

—k(1-90)—-q(zK(zkb;ST),b(zk b;S,);S,Mb'(zk b; ST

wherex (z k,b; S,I") corresponds to the policy function of variables a function of the

state variables of the firm.

As in sectionl.2 the financing gap reflects the difference between the ressuhe
firm needs to operate, minus the resources the firm can ratkewviissuing equity. We
say that a firm is constrained if the financing gap is strictigipve, and it needs to issue

equity in order to operate. We say a firm is unconstraineckifitiancing gap is negative.

We use the policy functions obtained from the solution of th@del to construct the
financing gap. The state-space of the model is highly-dimea so we focus on one
particular set of states: we set the productivity to be etputde average of the process, and
the sovereign debt-to-output ratio is set to the long-ruerage of Spain. We then proceed
to compare the financing gaps and policy functions betweehitih and low realization of

the aggregate shock, which reflects an increase in the fimgqueaists of firms. Figuré.1
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presents 3 heat maps that show the differences in the firgageim, capital for next period

K', and leverag®' /k, between the low and high financing cost scenarios.

Panel (a) of Figurd.1 shows the differences in the financing gaps when the financial
costs increase. A positive value denotes an increase inrtaecing gap. The heat map
shows that an increase in the financing costs increases #neiing gap mostly for highly
indebted firms (white part of the map), but also for some meesized firms and small
firms that were initially highly levered. Panel (b) shows gegcentage changes in capital
k" when the financing costs increase. The firms that reducedhpital the most for next
period are small and indebted (the same group for which tlding gap increased the
most), and also some medium-sized ones. For these groujpal clgzreases by roughly
20%. Large firms also reduce their capital, but by a much lamsount, around 8%. Panel
(c) shows the percentage changes for leverage. We obseimelar pattern than in the

case of capital.

The results presented in Figurel are in line with the predictions of the 2-period model.
Constrained firms reduce their investment the most upon emease in financial costs.
These firms also tend to be small and using a large amountieeta their size) of debt.
It is important to note that this analysis is fixing variabtdghe state space. For a more
in-depth understanding, it is necessary to allow for thes&ble to endogenously adjust.

This kind of analysis is presented in the next subsections.
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Figure 1.1: Policy Function Heat maps - Increase in Finan€iasts
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1.3.2 Aggregate and Firm-Level Dynamics

This subsection focuses on analyzing the responses of ey upon a sharp increase
in sovereign debt. We perform two sets of exercises. Thedesfocuses on aggregate
behavior, assessing to what extent the dynamics of the namdalonsistent with those of
the data. The second one shows the responses conditionfimaize, to see if the model

is able to deliver patterns where small firms adjust more thi@e ones, as observed in the
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data.

We examine aggregate and firm-level dynamics by computimyise response func-
tions to an increase of sovereign debt consistent with ttrease in the ratio of gross debt-
to-GDP observed in Spain in 2012 (from 69.5% to 85.7%). Theguure to compute the
impulse response functions is the one presentésilirhrist et al.(2014, and is described
in the Appendix. Figuréd..2 presents the impulse response functions (IRFs) for agtgega
output, capital, debt, and leverage. We see that outpusdrgpoughly 4%, which is larger
than the observed decline in Spanish real output in 2012¢iwivas close to 3%. The
economy reduces its leverage, by around 2.5%, which is smgiwith the evolution of
capital and debt, where the latter adjusts more than thediorithese responses show that
a sharp increase in sovereign debt can generate importantdtions in output. However,
these responses may not be necessarily the ones observied equilibrium path of the

model, given that an exogenous sequence was fed to the nmooleler to generate them.

The observed dynamics in the IRFs are generated by a spéwfi& at particular initial
conditions of the economy. In order to assess whether theserged dynamics are also
observed without setting specific initial conditions, weafpan an event-study analysis
using the simulated dataset. We define the event as a situatighich sovereign debt is
one standard deviation above its long-run mean. We showythamdics of the relevant
variables (which are aggregated according to the timehvgmgistribution) in a 10-period
window centered on the event date. These dynamics corrddpdhe average across all

the identified events in the simulations. Figir8 presents the results of the event study.
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Figure 1.2: Impulse Response Functions - Aggregates
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The results of the event study show that around the eventtdatsovereign debt-to-
output ratio increases by around 15 percentage pointshvighiose to the actual increase
during 2012 for the Spanish case. Output is about 0.3% beleng-run average at the
event and continues dropping to roughly 2% below its meane&@g/after. This gap of
1.7 percentage points corresponds to the decline in ouffarttae event and is roughly
half of the observed decline in real Spanish output. The ayosof capital also follow a

similar pattern to the one of output (given the specificabbthe production function of
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the model, where output and capital are proportional at thelievel). Interestingly, we
observe that firm debt (i) adjusts strongly around the evemd, (ii) starts reacting even
before the large increase in sovereign debt. This forwao#tthg behavior is consistent
with firms internalizing an increasing path in sovereigntdeid thus a potentially binding
lending constraint for financial intermediaries in the fietun this way firms start adjusting
accordingly, especially after the increasing path in seiggrdebt is realized. The marginal
utility of the intermediaries’ wealth takes a bit of time tact, as it starts increasing one
period before the event, but it then rises sharply to beingty 8% above its long-run

average.

We study next firm-level responses. The purpose is to ask#®s imodel is able to
generate patterns similar to those observed in the firml-tkata. Recall from the empirical
section that during the European debt crisis small firmseedumore their sales, assets,
and liabilities in comparison to large firms. Figurel presents the IRFs to the same shock
specified for the results in Figure2 The results show that indeed small firms adjust
much more aggressively: their output, leverage, capital,debt drops more than for large
firms (differences of 6.5, 6.25, 8, and 13 percentage poiaspectively). These results
support the theoretical predictions of the 2-period modiskation1.2 and the analysis of
the policy functions performed in this section: small firnesluce more their investment
than large firms when their financing costs increase. Thistabse small firms rely more
on equity. When the cost of debt increases due to the finastotalk, these firms are forced
to substitute debt for equity, but given that it is incregncostly and that they were
already issuing equity, using this external financing sewames at a large cost. Another
factor that makes the responses of small and large firms fier dif that the fixed cost of
production pushes small firms closer to the default cutoffisTaffects the price at which

they can borrow, and also how far they can go with issuingtgqui
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Figure 1.4: Impulse Response Functions - Firm-Level
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As shown in sectiorl.2, the key elements of the model that allow it to generate a
pattern where small firms adjust more than large firms uporeadial shock are the costly
equity issuance and the imperfect substitution betweesreat financing alternatives. To
illustrate this point, consider what would happen if egussuance is not allowed. This is
a common feature in corporate finance models, as it simptliesomputationOttonello
and Winberry(2018, for example, find that firms in the US (listed in Compustagpond

to monetary policy shocks, but in their case, less leveradsfiare more sensitive. In
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the context of this model, more levered firms are those whe &targer financing gap
and want to avoid excessive equity issuance, so they will beermresponsive to financial
shocks. Thus, whether there is equity issuance or not in tdeehtan potentially affect the
responses that firms will have in terms of their sizes. FiguBgpresents the response of
output when equity issuance is not allowed. When there igjnayeissuance, the responses
are less marked in terms of small, large and the aggregat®ego Also, surprisingly, the
type of firm that adjusts most is flipped: when there is no ggsguance, large firms adjust
more than small firms, a pattern that is opposite to what iemes! during the European
debt crisis. The core of this paper is not to explain thederinces, but it is an interesting
result from the modeling point of view because assumingfihats can not issue equity
is not innocuous. When equity issuance is not possible,|Idimak internalize that by
borrowing too much they might be pushed to the default cutofiie case financing costs
sharply increase, as they will not able to rollover theirtdélthese firms are constrained,
and they have no other source of external financing, so thepwdess. Thus, financing
cost shocks have less severe effects on them than on large fimch can rely on internal

resources, as they will be unconstrained with a higherihikeld.

Figure 1.5: Impulse Response Function of Output - No Equsyénce
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1.3.3 The Relevance of Firm Heterogeneity

This subsection studies the role of firm heterogeneity orrébponses of the economy to
an increase in sovereign borrowing. In particular, two @toies are contrasted, one with
heterogeneous firms and one with a representative firm. ivddity, the responses of two
economies composed by heterogeneous firms but with diffdrstmibutions are computed,

to assess the role of firm size distribution on the economy.

As seen in the previous section, small and large firms faderdiit financing conditions
and respond differently to the same kind of stimulus. It ipamant to note that asymmetric
responses in terms of firm size do not guarantee that the cgitiggoof firms will matter
for aggregates. For example,Kmusell and Smiti{1998, the policy functions of agents in
the model are almost linear and with the same slope. In additi this, a large fraction of
agents is rich enough to be in the linear part of the policefiam. Thus, redistribution of
wealth virtually has no effect on aggregate consumptionotAer example is the case of
Bernanke et al(1999, where firms are linearly scalable in their net worth, remdgthe
role of the distribution of firms irrelevant. This sectiomdies whether in this setting the

heterogeneity of firms and the distribution are relevant.

Two exercises are performed in order to assess the relegdificen heterogeneity. In
the first, firm heterogeneity is nearly shut down by settirg\tariance of the productiv-
ity component equal to 20% of the original, and re-calilmgtihe rest of the parameters
of the modell® By proceeding in this way, the “no heterogeneity” framewoekembles
a model with a representative firm. Then, we compute impudspanse functions to a
sharp increase in sovereign borrowing. The second execoisgists in computing im-
pulse response functions that are conditional on diffelevels of skewness of the firm

size distribution. This provides an alternative to asselsstier firm size distribution is

18. The targeted moments are the same, except for the aosisrel variance of the investment to capital
ratio.
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guantitatively important, and also to study if economiethvarger skewness adjust more

or less than those with a smaller skewness.

Figurel.6presents the IRFs of aggregate responses for the basetinerag (“hetero-
geneity”) and an economy calibrated to have a standard tiviaf productivity equal to
oNoHet— 0.2 x gy, a substantially lower degree of heterogeneity. The econaith firm
heterogeneity responds much more to the increase in goestraebt. Fluctuations in out-
put in the baseline case are nearly twice than those in theeterogeneity case, while sim-
ilar differences are observed for debt and capital. Reggrltiverage, the differences are
even larger. The baseline economy adjusts nearly 3 times than in the no-heterogeneity
scenario. These differences show that the compositionratfin the economy quantita-
tively matters, and that firm heterogeneity is a substastiatce of amplification in terms

of the responses of key macroeconomic aggregates.

The next exercise compares the responses of economiesiglitarnd low skewness of
the firm size distributiort? In the first one, there is a bigger share of large firms. Inteliy
given that large firms adjust less when facing a financial shae should expect to see
that an economy with greater firm size skewness adjustsheasggregate terms. Figure
1.7 presents the comparison of the IRFs of these two economtss.|RFs for the “high
skewness” case is the benchmark, while the “low skewnessists on the responses to the
same shock as the benchmark economy but conditioning thenearof capital (aggregate

moment on the policy function) to be 50% of the baseline stena

19. The economy with low skewness has a skewness equal to bbb lnigh skewness case.
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Figure 1.6: Impulse Response Functions - Heterogeneitypwaterogeneity
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Output and capital respond roughly 25% more in the econontly iver skewness.

The differences are smaller in the case of leverage and @ibbte results suggest that the

differences come from the right tail of the distribution oftiisize, as it is mainly where the

two economies differ. A less skewed distribution still mgés a similar density of small

firms, but it contains a significantly lower density of largens. Thus, differences in the

skewness of distributions can account for observed gapgsimeisponses of two different

economies.



Figure 1.7: Impulse Response Functions - Low v. High Skewnes
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The results of these two exercises show that firm heterotyeard the distribution
of firms are relevant quantitatively. Firm heterogeneitpgrates responses of output that
are twice the size of those of an economy with no firm hetereyenAdditionally, the
skewness of the firm size distribution accounts for up to 25%® observed differences

(in the data across low and high skewness cases) firm in themsss of output.
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1.3.4 The Role of Financial Frictions

This subsection studies the role that financial frictioras/ph the aggregate responses to a
financial shock caused by a sharp increase in sovereignviaagoln particular, it focuses
on the role that costly equity issuance has on the respoms$iess to the financial shock.
Sectionl.2 showed how financial frictions in the model generate difiemesponses for
large and small firms when financing costs increase. The i@egtesubstitution between
equity and debt was a key element to generate those asyramedponses. Figure.8

shows the IRFs for an economy with no equity issuance costsyith defaultable delt?

Figure 1.8 presents the responses of the baseline economy and thenegavithout
equity issuance costs. The differences are striking. Inctstless equity issuance case,
the drop in output, leverage, capital, and debt is barelyceable when comparing it to
the baseline case. For example, we see that output in thérigasase drops by roughly
4%, while in the costless equity issuance scenario it drgp3.5%. Similar patterns can
be drawn from the rest of the variables. These results sugjggsfinancial frictions play
a key role in the amplification of the responses to financiackl. The intuition for this
is similar to the one provided in the 2-period model presgiresectionl.2. Debt and
equity are imperfect substitutes because debt is defdaltadnl equity issuance is costly.
Thus, switching debt for equity (which is triggered by thefinial shock) comes at a cost,
which generates size-dependent adjustments in the ineaeswhfirms. If equity issuance
is costless, then there is no additional cost for the firm wdveitching from debt to equity,
which implies that the adjustments in investment triggdrgdinancial shocks should be

significantly lower. This is corroborated by the resultssgrged in Figuré..8.

20. Some degree of financial friction is needed in order toegeEe responses to the financial shock. In a
completely frictionless environment firms would automalficchoose their optimal level of capital, and
finance investment with any of the two external financingraliéves.

44



Figure 1.8: Impulse Response Functions - No Equity Issu@ost

0 0.5
0.5
0
-1
-1.5 [ -0.5
= =
1] 1]
g 2r g
> >
a 8§t
.25 N
o o
a a
31 -151
35| 1
2+ 1
4+ w— Baseline e w— Baseline
= === No Eq. Issuance Cost = === No Eq. Issuance Cost
45 . . . . . . . . . . 25 . . . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
(a) Output (b) Leverage
0 0
-1
-1
-2
-2
3 H
< <
o o
37 g -ar
> >
[ [
o o Ll
o -4r &
a a
-6
5+
2t
6+ 1
w— Baseline 8 w— Baseline e
7 . . . . . . . . . . 9 . . . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
(c) Capital (d) Debt

Lastly, notice that firm heterogeneity loses its amplifizatin the absence of financial
frictions. Recall from Figurel.6 that firm heterogeneity amplifies the responses of the
variables of interest to the financial shock. In the costkgsty issuance scenario, aggre-
gate responses to the financial shock are negligible (itioaléo the baseline case), which

leaves little space for the amplification that firm heteraggngenerates.
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1.4 Conclusions

This paper examines the role that firm heterogeneity anddiakinictions play in terms of

the propagation of financial shocks to the real economy. €hent European debt crisis
provides a natural experiment to study these issues. Dthisgrisis, a sudden deterio-
ration of the credit conditions faced by firms in the GIIPS minies generated asymmet-
ric responses at the firm level, which differed according tm fsize. Empirical evidence
suggests that one channel through which this deterioratonrred is a “crowding out”

channel, by which increased government borrowing and baldirtgs of sovereign debt
generated a crowding-out of private lending, reducing umehilable to firms and increas-

ing their financing costs.

The empirical section of this paper documented two new faagarding the response
of firms in the GIIPS countries during the debt crisis usingch panel dataset at the
firm-level. It is observed that (i) smaller firms adjustedittsales, liabilities, assets and
employment more than large firms, and (ii) smaller firms eigmeed smaller adjustments
in these variables in economies with more skewed firm sizeilolisions. The data also
show that financing costs, measured as the ratio of debtceetwitotal debt, increased

more for smaller firms.

This paper proposed a model to explain the above two faatisjlarived its quantitative
implications. The model has three main components. Firstsfthat are heterogeneous in
terms of productivity, capital and debt, and face finandaiatibns in the form of default-
able debt and costly equity issuance. Second, financialhna@iaries that lend to firms
and the government, facing an occasionally binding cométoam loanable funds. Third,
a government that causes the occasionally binding constabind when public debt in-
creases sharply. When this occurs, the resources avdibalhilen lending decreases, which

generates an increase in their financing costs. Firms h#feeatit financing structures con-
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ditional on their size because debt and equity are impestdastitutes. In particular, small
firms will tend to rely more on equity than debt and thus facecaam®xpensive financing
mix. The financial shock will force firms to substitute dehtifternal resources or equity.
Small firms issue even more equity (which is increasinghtlgyswhich forces them to

adjust their investment more aggressively than large firms.

In this framework firm heterogeneity has aggregate impbeat In the presence of
financial frictions, the financial shock affects the evauatiof the distribution of firms,
and hence the dynamics of aggregate outcomes such as otitpeitmodel predicts that
an economy with a less skewed firm size distribution facegeladrops in output upon
a financial shock. The intuition for this result is that econmes with a higher fraction
of small firms (i.e., less skewed firm size distribution) wéhd to adjust more because
small firms are more sensitive to the financing cost shocks phattern resembles the one
observed in European debt crisis, where Portugal (an ecpmoth low skewness on firm
size distribution) faced larger drops in output than Spamegconomy with larger skewness

than Portugal).

The model was calibrated to firm-level and aggregate dat&pain. Quantitative re-
sults show that for an increase in sovereign debt consistigéinthe Spanish case, experi-
enced during the European debt crisis, the model prediatsthall firms adjust more than
large ones, and that smaller firms would have adjusted |#ss &conomy had a larger firm-
size dispersion. Regarding the aggregate effects of firerbgéneity, the model generates
an output drop of roughly half the size of the drop observesgain. Comparing with the
results for the same model setup but with a representative dutput drops by 2 percent-
age points more (with respect to its long-run average),éretonomy with heterogeneous
firms. Thus, firm heterogeneity along with the presence ohfirad frictions significantly

amplifies the responses of aggregate variables to a tigigémicredit conditions.
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Chapter 2

Positive and Normative Implications of
Liability Dollarization for Sudden Stops

Models of Macroprudential Policy?*

A nontrivial fraction of financial intermediation in emengy markets is characterized by
whatCalvo (2002 labeled “liability dollarization:” Banks intermediat@pital inflows de-
nominated in hard currencies (i.e. units of tradable gomde)domestic loans denominated
in national currencies (i.e. units of national consumecgs). In South Korea or Mexico,
for example, dollar inflows are lent out typically in domesturrency units, and the same
happens with a sizable share of Euro and Swiss Franc inflotveiemerging markets of
Eastern Europe. A report by the Bank for International 8etdnts showed that in 2007,
just before the global financial crisis, the ratio of foremmrency liabilities to total liabil-
ities of commercial banks in emerging markets was about 4€epéin Latin America, 25

percent in Europe, and 15 percent in Asia, Africa and the Midichst, and the median ra-

21. Coauthored with Enrique G. Mendoza. This paper was peédar the IMF’s Eighteenth Jacques Polak
Annual Research Conference.
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tio of external liabilities to gross loans in emerging maskeas about 36 perceft.Using
IMF data,Eichengreen and Hausma(it999 reported that in 1996, just before the Asian
Crisis, the ratios of foreign liabilities to total assetscmmmercial banks ranged from 143

percent in Indonesia to 775 percent in Thailand.

The workhorse Sudden Stops model (SS) that has been widsdyjtoistudy macropru-
dential policy in emerging markets to date abstracts frahility dollarization, because
it is built upon the canonicdbependent Econonfyamework of International Macroeco-
nomics?® This framework includes income and consumption of tradablk nontradable
goods but assumes that debt is denominated in units of tieglal$S models consider
a stochastic variant of this setup in which domestic ageatsolv by selling non-state-
contingent bonds denominated in units of tradables, faaimgedit constraint by which
their debt cannot exceed a fraction of their income, partluttvoriginates in the nontrad-
ables sectot* The key element of SS models is that the collateral provigetimtradables
income is valued at the market-determined price of nonbigdgoods relative to tradables,
which yields two central implications: First, it introducthe Fisherian debt-deflation am-
plification mechanism, by which a binding collateral coastt triggers a feedback mech-
anism linking reduced borrowing capacity, decreased aopsion of tradable goods, and
collapsing relative prices. Second, it introduces a “mpuardential” pecuniary externality,
by which agents do not internalize in good times the effet¢heir borrowing decisions on
relative prices and borrowing capacity in bad times whercthdit constraint binds. These

two features of the SS setup are related, because the magwoitthe pecuniary external-

22. Capital Flows and Emerging Market Economi€GFS Papers No. 33, Bank for International Settle-
ments, January 2009.

23. This framework originated in the seminal articles®siter(1959, Swan (1960, andDiaz-Alejandro
(19695.

24. This setup originates in the work bfendoza(2002). Studies that explore the models’ normative impli-
cations, and in particular the implications for macropmii policy, includeBianchi(2011), Benigno
et al.(2016, Korinek (2011), Schmitt-Grohé and Urib@017), Bianchi et al (2016, andHernandez and
Mendoza2017).
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ity is determined by the size of the Fisherian amplificatiiect on prices (se&lendoza
(2016). Quantitative studies (e.d@ianchi(2011), Bianchi et al.(2016) have shown that
both financial amplification and pecuniary externalitieslarge in SS models, and that op-
timal macroprudential policy reduces significantly thejfrency and magnitude of Sudden

Stops.

The assumption that domestic debt is in units of tradableplgies theoretical and
guantitative work with SS models significantly, but it alsdess out liability dollarization
by construction. Intermediaries in these models can beedeas either domestic or in-
ternational banks that raise funds by issuing liabilitiesradables units at the world real
interest rate, and lend them to domestic agents in the saiteand at that same rate
but requiring them to post collater&l. Interestingly, previous strands of the literature on
emerging markets crises did introduce liability dollatiaa, particularly with the aim of
studying aggregate implications of balance sheet effeadsbank failures resulting from
large devaluations (e.@hoi and Coo2004) andCéspedes et a2004). This literature,
however, did not focus on the implications of liability dalization for private (nonfinan-

cial) borrowers, which are the main focus of this study.

This paper shows that modeling the effects of liability daitation on domestic bor-
rowers alters significantly the results derived from SS ngdk particular, we propose
a model of Sudden Stops with liability dollarization (SSLD)which intermediaries raise
funds abroad in units of tradable goods but lend them out moedtic agents in units of the
country’s aggregate consumption good, represented by acoBPosite of tradables and
nontradables. As in standard SS models, the value of nealyeddebt cannot exceed a
fraction of the market value of income in units of tradablesorder to focus on the effects

of liability dollarization on domestic borrowers, we assuthat there are no other frictions

25. This implies that the standard SS models of macroprialgulicy do not justify the use of capital
controls as an instrument to discriminate foreign v. domesedit. See subsection 4.1 for details.
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in financial intermediation. Banks simply arbitrage thetadgaising funds abroad v. the
expected return of domestic loans. Bank liability is untexdiand there are no restrictions
on equity issuance or dividends, so that bank failures d@lagta role in crisis dynamics

in the model.

Liability dollarization introduces three key effects tltaderate via real-exchange-rate
movements. First, if a country experiences a real appieniahe higher “ex-post” value
of the real exchange rate increases the domestic debtademwf repaying outstanding
debt, because repaying debt denominated in units of aggregasumption takes up more
resources at a higher real exchange rate (a higher relaiive gf CES consumption in
units of tradables). Second, if instead of a higher currealt &@xchange rate, the future real
exchange rate is expected to increase, arbitrage by intisines facing a given opportu-
nity cost of funds raises the price they are willing to payrely issued domestic debt
denominated in units of aggregate consumption, which Is\wher interest rate on this debt
and strengthens borrowing incentives. Third, even withhanged current and expected
real exchange rates, the negative conditional co-variaeteeen future marginal utility
and future real exchange rates incentivizes risk-takireg @dditional borrowing) because
it creates a negative premium on the domestic real inteagstwhich lowers the marginal
cost of borrowing for domestic agents. Moreover, theseetleféects interact with precau-
tionary savings incentives by altering the volatility oteme and the expected return on

non-state-contingent domestic assets.

The three effects of liability dollarization produce maghiferences in the positive and
normative predictions of the SSLD model relative to SS medBlegarding positive find-
ings, we show that under perfect foresight, the debt-regayrhurden effect has two major
implications: It makes Sudden Stops milder and multiplealdia harder to obtain. Multi-

plicity requires significantly higher limits on debt-toeimme ratios and income realizations
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that fall within a narrower range of relatively high valu@$iese results are illustrated with
guantitative examples for a widely used calibration for tase of Argentina borrowed
from the work byBianchi (2011, and also for a calibration similar to that used in the

recent study on multiplicity in SS models B¢chmitt-Grohé and Urib018.

The normative analysis yields three important resultsstFlyy studying the optimal
policy of a social planner acting with commitment under uteiaty, we identify a new
pecuniary externality distorting the competitive equilitn, which we label the “interme-
diation externality.” This externality co-exists with th@acroprudential externality of SS
models, and results from the planner’s incentives to regpomhe three effects of liability
dollarization, which are not internalized by private bevess because they operate through
market-determined prices (i.e. real exchange rates). dderethis externality is present
even without credit constraints, and it can increase oraedhbe social marginal cost of
borrowing relative to its private counterpart. Hence, it casult in either under-borrowing

or over-borrowing in the unregulated competitive equilibr.

Second, we show that the optimal policy under commitmenme-inconsistent (i.e.
lacks credibility). The planner has the incentive to pletggher future consumption to
sustain higher expected real exchange rates, and thuseredtente real interest rates at
present. Once the future arrives, however, high real exgineates are undesirable because

of the higher debt repayment burden.

Third, the planner’s optimal policgtoes nofjustify the use of capital controls, because
it can be decentralized with an effective debt tax in whichited controls and taxes on
domestic borrowing are equivalent. As in studies of optimatroprudential policy in SS
models with debt-to-income constraints, the planner caafter equilibrium allocations
when the credit constraint binds. When it does not bind cikles the intermediation and

macroprudential externalities by equating the social imaigcost of borrowing with its
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private counterpart, and this requires only an effectixedia debt. This debt tax can be
managed equally with just taxes on capital inflows or on daimesedit, or any mix of
both that supports the optimal effective debt tax rate. ldeadifferential tax treatment on

foreign v. domestic credit is not justified.

Since the optimal policy lacks credibility and yields a cdexp nonlinear schedule of
effective debt taxes, we conduct a quantitative explonaticthe effectiveness of a simple
policy strategy that uses constant taxes on domestic ddltegoital inflows, using again the
calibration for Argentina taken frofBianchi(2011). In this analysis, the budgetary effects
of both taxes are transferred to domestic private agentghwdilows capital controls to
prop up borrowing capacity when credit is constrained, aexchk capital controls and
domestic taxes need not be equivalent. The results showhthatelfare-maximizing pair
of constant taxes features a higher tax on domestic debtdharapital inflows, lowers
the probability of Sudden Stops slightly, and yields a smalifare gain (while other tax
pairs of similar magnitudes can reduce welfare sharplyusThnder the best arrangement
of constant taxes, the use of capital controls is justified,capital inflows are taxed at a
lower rate than domestic credit. Moreover, for tax paird thgport high effective debt
taxes, capital controls and domestic debt taxes are againadent, and for other pairs

welfare is higher with higher taxes on domestic debt thanagital inflows.

The rest of the paper proceeds as follows: Secliddescribes the model and char-
acterizes the unregulated competitive equilibrium. $&c?i.2 provides a theoretical and
guantitative characterization of the differences betwenSS model and SSLD models.
Section2.3 studies optimal financial policy of a social planner actimgler commitment
and conducts the quantitative analysis of constant taxetoarestic debt and capital in-

flows. Sectior?.4 provides conclusions.
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2.1 Model Structure

2.1.1 Private agents

Consider a small open economy where a representative agesumes tradable goods |
and nontradable goods'). Preferences are given by a standard expected utilitytifamc

with a constant-relative-risk-aversion (CRRA) perioditytifunction that depends on a

CES composite good: .
S Bt _a’
Bo 3 Blu(ca. u(e) =7 (2.1)
where:
G = [w(ctT)fn +(1- w) (ctN)fn} " n>-1Lwe(01). (2.2)

E(+) is the expectation operatd3,is the discount factoly is the coefficient of relative risk

aversion, and A(1+ n) is the elasticity of substitution betweeh andc}.

The relative price of nontradable goods in units of tradaidelenoteg), and the rel-
ative price of the composite goadin units of tradables is denotesf. Following standard
practice (seébstfeld and Rogof{1996 p. 227), we apply the Duality Theory of con-
sumer choice to characterize this price as the price indebcthrresponds to the minimum
expenditureg] + pNcN such thaty = 1. The price index is given by:

1+n
n

= | W™ + (1 w)Tn (p[N)lﬂn . (2.3)

This relative price is also the economy’s consumer-priggell measure of the real ex-
change rate, because foreign prices are normalized to plisity and purchasing power
parity in tradables holds, and hence the ratio of domestioreign consumer prices is the

same ag¥. Notice also thapf is a monotonic, increasing function pf.
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The agent receives a stochastic endowment of tradable gpa@usl a fixed endowment
of nontradable goodg', and can trade non-state-contingent bdsfdsenominated in units
of ¢ at a priceg with financial intermediaries. Choosing the price of trddalas the

numeraire, the agent’s budget constraint is:

o pfbf, 1 +¢f +picy = pibi+y; + phy. (2.4)

The left-hand-side of this expression shows the uses ofgaets income in units of trad-
ables: purchases (sales) of bonds that require (geneeat@)rces by the amouggpfbf, ;
whenbf, ; >0 (bf, ; <0), plus total expenditures in consumption of tradablesreordrad-
ables. The right-hand-side shows the sources of the agecd®me: Income from maturing
bond holdingsprbr (or repayment of debt ibf < 0), the realization of the endowment
of tradablesy|, and the value of the nontradables endowment in units oabiagpNyN.
The stochastic process of the tradable endowment followasalard Markov process to be

specified later.

Borrowing requires collateral in the same way as in stan8&dnhodels. Hence, only a
fraction of the agent’s income is pledgeable as collatarad, as a result, the agent cannot

borrow more than a fractiok of total income in units of tradables:

ofprbly > —k(y +pl'yY). (2.5)

The representative agent chooses the stochastic sequiggices, bf, ; }i>0 to maxi-

mize @.1) subject to 2.4) and @.5), takingbg, ¥ and{ pN, pf, of, \i }t>0 as given.
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2.1.2 Financial Intermediation

We assume that there are deep-pockets, risk-neutral fadaimtermediaries who float
bonds in international markets at a world-determined pic@.e. the inverse of the gross
world real interest ratedR* which is kept constant for simplicity). They use the resesrc
raised this way to fund purchases of the bonds that domeagtiata issue in order to bor-
row. These intermediaries price domestic bonds accordirtis standard no-arbitrage
condition:

c qE [ptc+1}

== (2.6)
G pe
The price of domestic bonds issued at ddias associated with it thex-antedomestic real
R*pE
Et[p&l]
bonds are contracted at dateand the expected real exchange rme[ C+1D is one of its

interest rate in units afgiven byR®, , =1/0¢ = . This is the rate at which domestic

key determinants. Similarly, the ex-ante domestic rearggt rate in units of tradables
is defined a TH = 1/(gfpf), and it is also determined by the expected real exchange
rate. In contrast, the value of the real exchange rate eshlit + 1 (pf,,) determines

~ C
the ex-post real interest rate paid in units of tradableschvis given byR[T+l = ﬁcp‘il

&
with an associated implied price of = %ttcc&z. As we show later, the difference between
+

these ex-ante and ex-post interest rates plays a centadhrdfiving the effects of liability

dollarization.

Except for liability dollarization, this is a frictionlessharacterization of financial in-
termediation. Banks have unrestricted access to worldadaparkets, intermediation does
not incur any costs other than the funding cstbanks can pay negative dividends, and
can always cover a shortfall between income from loans pgpiddmestic agents and re-
payment to foreign creditors with additional external lo@ring. These assumptions are
made so that we can isolate the effects of liability doliatizn on the borrowers (i.e. the

nonfinancial private sector), which have not been constbieréhe Sudden Stops literature
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before, and they also simplify both the theoretical analgsid the numerical solution of
the model. On the other hand, modifying the model to add nm¢eliaries exposed to fi-
nancial distress because of liability dollarization is oticse an important item for further

research.

2.2 Competitive Equilibrium & Comparison with Standard Mod els

The competitive equilibrium of the SSLD model is given by seces of allocations
{cl, b, 1 }i=0, and prices{pl', pf, of },, that solve the optimization problem of the
representative agent, satisfy the no-arbitrage conddfdhe financial intermediaries, and
satisfy also the market-clearing condition of the nonttéelmsectord = yN) and the re-

source constraint of the tradables sectr¢ y{ — qfpfbf, ; + pfhy).

The equilibrium conditions are the following:

(05 (8)" e

ur (t) = BE [ur (t+DRT 1] + (2.8)

afpfhl, . > —k [y + Py,  with equality if i > O, (2.9)
o e = q'Ee [Py4] (2.10)

Q' =y (2.12)

o =¥ —apibra+ pebr, (2.12)

where 1 is the non-negative Lagrange multiplier on the credit c@mst, andur(t) =
U'(c)dc/dc! . Notice also two implications of these equilibrium conalits that will play

an important role in the analysis that follows: Firs2,3), (2.7) and @.11) imply that at
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equilibrium the price of nontradables and the price of comstion are increasing functions
of tradables consumption, denotpli(c) and p°(c|) respectively. Second, if the credit
constraint bindsg] is in fact independent of the value pf and is given by the solutions

to the following nonlinear equation igf formed by conditions2.7), (2.9) holding with

equality, .11) and .12):

o = (L+K)y +kpN(ch YN + po(cl )bf. (2.13)

2.2.1 Comparison with Standard SS Models

We compare the above equilibrium conditions with thosegoeirig to the standard model
of Sudden Stops in order to isolate the effects of liabiliflarization?® In particular,

since debt is non-state-contingent, liability dollariaatintroduces three key effects that
result from the fact that borrowers are affected by reaharge-rate fluctuations that in-
duce movements in ex-ante and ex-post real interest ratesthase effects are present
even without the collateral constraint (although their magle does change with credit

constraints).

1. Fluctuations in the debt repayment burdeft any datet, the burden of repaying
debt pf < 0) contracted at — 1 is pfbf. Hence, variations in the realized real ex-
change rate alter the repayment burden. A real appreci@apreciation) increases
(reduces) it, inducing non-insurable fluctuations in ineodisposable for tradables
consumption. This income effect can also be interpretedrms of changes in the
ex-post real interest rate in units of tradables. A real epiption (depreciation) in-

creases (reduces) the burden of debt repayment becauseeiases (reduces) the

26. The equilibrium conditions in the standard models diffethat R* replacesﬁtT+1 in condition @.8), the
termsofpfbf, ; and pfbf are replaced withy*by.; andb; whereby are bonds in units af! , and condition
(2.10 is removed.
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ex-post real interest rate. Moreover, these fluctuationeease effective income
volatility and thus strengthen incentives for precautrgnsavings, which weaken

incentives to borrow.

. Fluctuations in the price of new domestic debhie intermediaries’ pricing condition
(2.6) implies that, for a given world interest rate, the price eiy-issued domestic
bonds in units of tradableg‘pf rises when the real exchange rate is expected to
appreciate, which implies that the ex-ante domestic isteede in units of tradables
!, falls. Since we are studying an economy with déist { < 0), this fall in the
intertemporal relative price @f triggers income and substitution effects pushing for

debt to increase. The lower interest rate also weakensmseifance incentives.

. Risk-taking borrowing incentivefhe marginal cost of borrowing faced by domestic
agents falls because of the positive co-movement betweassuoaption and the real
exchange rate. This result is evident if we re-write the Eatpiation for domestic

bonds as follows:
ur (t) = BRE: [ur (t+ 1)] + BCow (ur (t+1), R 1) + k. (2.14)

The marginal cost of borrowing in the right-hand-side ofstlexpression differs
from the standard SS model with debt in units of tradabley tweicause of the
term BCowu (ut (t + 1), ~T+1). This term is negative because(t + 1) is decreas-
ing in ctT+1 and tradables consumption and the price of consumption@sig\ely

correlated. Hence, the marginal cost of borrowing is lowamtin the standard

model. In fact, since], ; andpf , areperfectlycorrelated, Conur (t+1),Rl ;) =

—ai(ur (t+1)) & (pE4)
q*Et[ptcH]

ations of marginal utility and the real exchange rate rethpedg. As a result, the

, Wherego(ur (t+ 1)) and ot (pf, 1) are conditional standard devi-

risk-taking borrowing incentive strengthens when tradalsharginal utility is more
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C
variable and/or the coefficient of variation of the real extohe rate %(ptic“)) rises.
t[pt+1]
This result also implies that, for given standard deviaioh marginal utility and
prices, the risk-taking incentive weakens when the reahamge rate is expected to
appreciate. Hence, an expected real appreciation trigggresing effects on bor-
rowing incentives: It weakens the risk-taking incentive simengthens the effect on

the price of new debt.

Because of these three effects, Sudden Stops will differagnitude and frequency
across SSLD and SS models with identical parameters, aydnlag occur at different
levels of debt and income. If the constraint binds in both etedor a given value ojrtT,
however, allocations and prices will differ only due to ditnces in the repayment burden
of the outstanding debt. This is because, when the conshiaits,c is determined by the
non-linear equatiorn; 13, and this equation differs across the two models only bezatl
the debt repayment terms. Still, along the equilibrium pEtbach model, the magnitude
and frequency of Sudden Stops will differ depending on thistanding debthf) and
the size of income shocks;() needed to trigger the constraint in each economy. The
outstanding debt that triggers Sudden Stops is endogemulislepends on the history
of previous income shocks and optimal debt decisions, wHitfer in the two models
because of the three effects described above. Similadyrégquency of Sudden Stops will
differ depending on the long-run probability with which Baaconomy reaches states with

enough debt to trigger a Sudden Stop.

SS models also have the property that while they can suppaytie equilibria, so that
a particular sequence of income causes a shift from a unigoenstrained equilibrium
to a unique constrained one, they can also support equitibomultiplicity, so that for a
given income level there can be both constrained and urnreamstl equilibria and which

one prevails depends on a “sunspot” variable (see, for eb@@phmitt-Grohé and Uribe
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(2017, 2018). Because multiplicity emerges due to the possibility opsorting more
than one equilibrium when the credit constraint binds, duthe responses of collateral
values and optimal debt choices, it is reasonable to expatliability dollarization should
also lead to differences across the SS and SSLD models inotiditions required for

multiplicity and in the characteristics of multiple eqbfiia.

In the remainder of this Section, we compare the charatiterisf Sudden Stops and
multiple equilibria in the two models in a perfect-foresighvironment, in which the solu-
tions of the models can be fully characterized analytic&ltyr a comparison of quantitative

solutions of stochastic versions of the modelsieadoza and RojaR017).

2.2.2 Perfect Foresight Analysis

Under perfect foresight, ex-ante and ex-post real excheatgs and interest rates are the
same. As a result, the Euler equation and resource cortswfaime SSLD model can be

rewritten as follows (assuming the standard no-Ponzi-gaondition):
ur (t) = BR [ur (t+1)] + 14 (2.15)

S R'q = S Ry + pgbg, (2.16)
P

wheres Ryl =W, is the tradables non-financial wealth of the economy. These t
conditions, together with(7), (2.9 and @.11) characterize fully the SSLD equilibrium
under perfect foresight. Followingendoza(2005, we simplify the analysis by assuming
that BR* = 1, b§ < 0 (i.e. the economy starts with some debt), initial tradsifeome

is lower than in the future so that agents would want tab§et 0, and we study wealth-

neutral shocks such thyg changes keepingp constant, hence inducing agents to borrow
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more?’ For a sufficiently large cut nyg, the collateral constraint binds, but for smaller

shocks it does not.

If the collateral constraint does not bind, and sipé& = 1, tradables consumption is

constant at the standard value of textbook models of consamgmoothing:
c’ = (1—B)(Wo+ p§bf).- (2.17)

It is straightforward to verify that the conditions that cheterize the perfect-foresight equi-
librium of the SS model are almost identical and yield an agaiis solution for tradables
consumption, except for one difference: In the term thatesgnts financial wealth in the
right-hand-side ofZ.17), financial wealth is given by the teriw in the SS model (with
bonds denominated in tradables), pgb in the SSLD model. These two terms will dif-
fer in general, because for given values of the exogenotialinonditionsb§ andby, the
equilibrium value of the initial pricgpg determines whether the burden of repayment of
the initial debt is higher in the SSLD or the SS case. Howetaking the equilibrium
price of nontradablepN-SSfrom an unconstrained solution of the SS model for a gixgn
we can compute the implied value of the consumption pricesrp$SSand then define a
threshold initial debt level in the SSLD model such thét= by/p®SS At this debt level,
the SSLD and SS models yield identical unconstrained peféeesight equilibria because

both financial and nonfinancial wealth are the same.

If b§ < b¢, the SS model yields higher tradables consumption andsptiiee the SSLD
model?8 Consumption rises by less than the reduction in debt bedhesecrease irp°

increases the debt repayment burden and hence offsets $timeeeffect of the lower debt.

27. Awealth-neutral income shock at t=0 is defined by incogmelk(y],yl ) such thay] —yT =R(y" —yJ)
andy] =y’ fort > 2. Hence, wealth remains constant\at=y' /(1 - 3).

28. Similarly, keepingﬁg andbg unchanged when making parametric changes that affectiwgattexam-
ple, temporary or permanent, unanticipated changes irrddables income stream) results in different
equilibria that depend on the changes in initial prices agtut depayment burden.
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Because of perfect foresight, the effects of liability daltation operating via the price of
newly issued debt and the risk-taking incentive are ruled ©uly the effect operating via
the debt repayment burden is at work. Note that whfen bS the results presented above

go in the opposite direction.

If the reduction inyg is sufficiently large to make the collateral constraint batti= 0,
a Sudden Stop occurs. Conditich12 implies thatq] falls, because access to debt to sus-
tain tradables consumption is constrained. Then it follfras condition @.7) thatp falls
to clear the nontradables market. This generates a fuititeening of the collateral con-
straint, because it reduces the value of collateral pravijethe nontradables endowment
in condition @.9). Formally, the date-0 allocations and prices are detezthbby condition
(2.13. This condition is again almost the same that determiragkatyles consumption in
a Sudden Stop in the SS model, except for the debt repaynremtpféc )bS, which in
the SS model is judty. By the same argument as before, the Sudden Stop equilibrium
prices of the SS model could be used to set the exogenous efbgeso as to make the
SS and SSLD solutions when the constraint binds the samaoBompare Sudden Stops
across the two models, assume instead that the initial tonds set at the valukg, which
sustains identicalinconstrainecequilibria. In this case, the Sudden Stop equilibria of the

two economies differ.
(a) Sudden Stops with unique equilibria

Figure 2.1 illustrates the determination of equilibria in both modeisthe (c', pV)
space for a scenario in which the equilibria are unique, ireamer analogous to Figure 2
in Mendoza(2005. ThePP curve is the marginal rate of substitution in consumption of
tradables and nontradables, which given isoelastic preées and the constant endowment
of nontradables yields a convex function that mepto pN (this curve is the same in the

SS and SSLD models). The various BB curves show the valp¥ difiat corresponds to a
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value ofc’ such that the collateral constraint holds with equality trectradables resource

constraint is satisfied (i.e. equaticd 13 solved forpy as a function otg), for the SS

and SSLD models and for each under different valueg ofin each case, equilibrium is

reached where theP curve and the relevant BB curve intersect.

2

P

Figure 2.1: Sudden Stops under Perfect Foresight: UniquéiBaga
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Mendoza(2005 showed that in the SS model, the BRBurves are increasing, linear

functions ofc] with an horizontal intercept given dyS= (1+ k)yl +bg and a slope of

m>S= 1/(kyN). For the SSLD model, we show in the Appendix that the’B® curves

are also increasing ig} with an horizontal intercept given dyS'P= (1+ k)y§ + w/10§

and a slope ofm>StP= [1— p®(t)bg]/(kyN).2° Notice that again the difference between

the SS and SSLD models is due to differences in the repaynuedéb of the initial debt.

The termw® " in the intercept of the SSLD model is the lower boung®that is reached

29. As shown in the Appendix, the BB-Pcurves are concave if the elasticity of substitution betweeand
cN is greater or equal to 1, convex if it is less or equal thandri2l, switch from concave to convex@s
rises if the elasticity is between 1/2 and 1. Under reasenaétameter values for emerging markets and
any elasticity between 0 and 1, however, B is either strictly convex or nearly linear with a slightly
concave segment for very log .
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whenpN = 0. Since ab we have the same debt in units of tradables in the SS and SSLD
models at the higher prices supported in the unconstraiqeitiEium, the intercept of the
SSLD model must be to the right of the one in the SS model (¢mesame debt is valued

at the minimum price in the intercept of the SSLD model).

The BB, BBSSL™ curves are for a threshold income lewgl Such that with a
wealth-neutral shock that reduces date-0 income that nthehcredit constraint allows
for just enough debt to still support the unconstrainedldaium (i.e. below this threshold
the constrain becomes binding).Hence, by construction (and again assuming the initial
SSLD debt isﬁg) these twaBB curves intersedPP at point A and yield the same equilib-
rium values ofc” andp! in the two models. The BB, BBSSLP! curves are foy] < ¥,
which shifts the BB curves to the left, triggering the credihstraint and causing a Sudden

Stop.

The main point of Figur@.1is to show that, when equilibria are unique, Sudden Stops
under perfect foresight are milder in the SSLD model. ThedeadStop equilibria are
reached at points B and C for the SSLD and SS model respactiv&lince the BESLPL
curve is always steeper than the BB curve and has a higher horizontal intercept, and
since for givenyg the two curves always intersect at point A, BB must cut the PP
curve to the right of where BE®! cuts it3? This implies that in the Sudden Stop of the
SSLD economy, tradables consumption and relative pricekigher than in the SS econ-

omy. Both equilibria are Sudden Stops, because financialiffeapon via the deflation of

AT _ aChe e N
30. The threshold income in the SSLD modeyjs= %, wherecT, p® and pN are the uncon-

strained equilibrium allocations and prices.

31. The Figure shows the vaIuescéf, pg‘ such that the budget and credit constraints hold with etyuatid
py equals the corresponding marginal rate of substitutioris &lso straightforward to show that the
Euler equation holds with a Lagrange multiplieryaf = u’(c]) — u'(c]) > 0 and thaty; = 0 fort > 1.
In the SS model, sincép is unchangedy] >y >y}, andy! = yT fort > 2, it follows that the fact
thatc] < c' impliesc] > c'. Moreover,c/ = c] fort > 2. This, together witty] >y, implies that
by > by > —k(y] + p)'yN) andb; = b, fort > 2.

32. The factthap®(t)b§ < 0 implies tham®StP> mSS and the fact thaw'/7b§ < b implies that St 1SS
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the value of collateral causes a sudden drop from the uneamstl stationary consumption
and prices at point A, but the drops in the SSLD model are awayder. The intuition is
simple: In the SSLD economy, the fall in the real exchange aasociated with a Sudden
Stop reducegf, and hence the burden of repayif@in terms of tradable goods falls, pro-
viding additional resources for consumption of tradabMsetice that around point A the
BB curves are steeper than the PP curve, which as we show esufficient condition

for the equilibria to be unique.

It is also worth noting that there could be a second inteisecif the BB and PP curves
in Figure 1 if we extended its domain far enough. The secotefsaction, however, is
not an equilibrium. This is because, as is evident from tlgrifé, cg would be higher
thancT, and given the specification of the wealth-neutral shockritestemporal resource
constraint would impIy:I < cg, which would imply a negative Lagrange multipligio(=
u'(cd) —U(c]) < 0). Moreover, the unconstrained equilibrium cannot caewith the
unique Sudden Stops equilibria, because as Figure 1 shiogvsatue ofp'a' at which the
nontradables market would clear if tradables consumpseh is too low for the resource
constraint to be satisfied with the credit constraint bigdire. atc™ the PP curve is below

the BBSS! and BBPSLP! curves).
(a) Sudden Stops with multiple equilibria

Figure2.2illustrates the equilibrium of both models when there ardtiple equilibria.
Intuitively, multiplicity can emerge if the parameters dketPP and BB curves are such
that the curves intersect twice fof < ¢'. BB curves that are flatter than the PP curve
around point A are necessary (but not sufficient) for this apgen. In the Figure, the
BB curves foryf are constructed in the same way as BE®S-2° and BBS%C curves of
the previous Figure: They correspond to a wealth-neutidliggon in yg such that the

credit constraint is marginally binding (i.e. it sustaihg tsame amount of debt as in the
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unconstrained equilibrium) assuming again that the indtebot of the SSLD economy is
set atf)g. Hence, point A has the same meaning as before. It shows ttensinained
stationary equilibrium that is identical in the SSLD and $8r@mies. What has changed
is the curvature and slope of the PP and BB curves, and incpkatithe BB curves are
significantly flatter. As a result, at an initial incomeygf, the SS and SSLD economies
now have two equilibrium solutions each: The unconstraimg&gdome at point A and the

Sudden Stop outcomes (points B and C for the SS and SSLD egomspectively).

Figure 2.2: Multiple Equilibria under Perfect Foresight

Note, however, that BB curves flatter than the PP curve arpomd A are not sufficient
for equilibrium multiplicity, because this also dependstbha value ofyg. In Figure 2,
for yg < 93, the BB curves would shift left and only one Sudden Stop dayial would
survive in each economy (the unconstrained equilibriunoisomger attainable, just as in
Figure 1). Wheny) = y{, we have the two equilibria as explained above. ¥pr- ],
the BB curves shifto the rightand three equilibria exist, because there would be two

intersections with PP to the left of A, plus the unconstrdiaquilibrium is also attainable
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since mcome&&*xceedsyO 33 In contrast, when the BB curves are steeper than PP at point
A, the unconstrained equilibrium is the unique equilibritonany income higher thayg.“

As y} continues to rise, howevey) reaches another threshold valyg different in the

two models, at which once again the unconstrained equiliband only one Sudden Stop
equilibrium are possible (see Figuze?), and foryg > )73 multiplicity disappears and only
the unconstrained equilibrium survives, because the BBesushift to the right enough to

never intersect with P&,

It follows from the above discussion that equilibrium mplicity requires: (i) BB
curves flatter than PP around point A, and (ii) wealth-néut@me shocks in the specific
intervalyg <y <¥J. As we explain next, equilibrium multiplicity is harder td@in in
the SSLD model because, for the same parameter values &intidanditions, multiplicity

requires higher values &f and narrower income intervals.

Condition (i) can be formalized as followsA BB curve steeper than the PP curve
aroundc' is a sufficient condition for a unique equilibrium when a Semi&top occuts
Since the PP curve is given by conditi¢h?), its slope can be expressedﬁé\%‘M, which
at the common unconstrained equilibrium of the two modelsamﬂr— Consider
next the slope of the BB curve in the SS model, which/igN). It follows from equating
these two slopes that the threshold valu& dhat guarantees a unique equilibrium in the
SS model iKSS= Tfp“?“' Any k lower than this implies that Sudden Stop equilibria

(1+n)
or anyyy <Y, are unique. This condition is the same one deriveldémdoz :
f < Thi dition is th deriveld@émdoza(2009

The slope of BB in the SSLD model ils'?OT and hence the threshold valuerofor

uniqueness of Sudden Stop equilibria under liability ditktion is kSSLP= ﬂfn—ﬁg'

33. Inall the Sudden Stops equilibria of Figure® < ¢t < ¢l and the Euler equation holds with a Lagrange
multiplier o = U'(c)) —u'(c]) > 0. This is again because, given constant wealth, the imtgxeal
resource constraint implies thelt rises as the credit constraint makgsfall.

34. y7 is the income level that makes the BB curves tangent to theuRR cwhich is different for the two
models.
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However, since we are assuming that the initial debt of tHelB®odel is the valudg that
supports the same unconstrained equilibria in both modétslows thatk SS-P= kS 1 —

pobg) = KSS<1—Epc7CT %tlg>, where& . 7 is the elasticity of the CES price index with

L . Hence,
L+(5%) T () T

sinceb¢ < 0 andé . ;- > 0 becaus@” > 0, we obtain thakSS-P> k5% Thus, for identical

respect to tradables consumption, and is giver§ by =

parameters and the same initial conditions, multipligtizarder to find in the SSLD model
because it maintains uniqueness at higher valuggioé. the range of values affor which
Sudden Stop equilibria are unique is larger in the SSLD motidreover,k SS-Pexceeds

kSSby a percentage given by the absolute valug pfr @, which in turn depends on

preference parameters and the value\A/(nyg andﬁg.

If kK > KSSLP> gSS it is possible to have multiple equilibria in both modelst las
we explained earlier, this is only a necessary conditionltilglicity needs also condition
(i) requiring tradables income to be in the intery@],¥J], where as noted abovwg Ts
different in the SS and SSLD models, whjlé i5 the same (because of the assumption
that the initial debt of the SSLD model Bg). Hence, assuming that is high enough
to support multiplicity, the difference in the width of thisterval across the two models
indicates the extent to which multiplicity is easier or herdo obtain in one model v.
the other. A wider (narrower) interval for the SSLD model gests that multiplicity is
easier (harder) to obtain, although the deterministic neatdi the analysis does not take
into account the probability of tradables income fallintpia particular interval. Visually,
Figure 2.2 suggests that the multiplicity interval of tradables in@is narrower for the

SSLD model, but this is easier to illustrate with quantiagéxamples, as we show below.

In the case of the SS model, the above analysis of equilibmurtiplicity has an equiv-
alent formulation in terms of the analysis conductedSaymitt-Grohé and Urib018.

They derived the same condition on a threshold valug oéquired for multiplicity, and
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showed that multiplicity requires in addition that thei@itbond holdings are within an in-
terval of relatively high values (i.e. multiplicity reqgess relativdow initial debt). The value
of by (for bg < 0) must be high enough so that at the unconstrained equitibithe thresh-
old condition onk holds, but not so high that the credit constraint does nat birdate 0
(since highelbg implies also higheb; at the unconstrained equilibrium). Intuitively, the
consistency of the two approaches follows from noticing gfeaametric differences i
keepingyg constant can be alternatively represented as paramefecatices iryg keep-
ing bg constant by capitalizing initial income differences inteaages in bond holdings.
Hence, an interval of relatively highy (i.e. low debt) that sustains multiplicity translates
into an interval of relativelyhighincome values. We used the latter approach here because
it allows us to make Sudden Stop outcomes in the SS and SSL2Ismodmparable by

keeping the initial debt set at the value such that the uricaingd equilibria are the same.

2.2.3 Quantitative Examples

We examine next the results of quantitative examples thedtibte the main theoretical
findings we have presented. In particular, we illustratecteracteristics of Sudden Stops
inthe SSLD economy, compare Sudden Stops between the SSabdhsodels when Sud-
den Stop equilibria are unique, and show that multiplicstyharder to obtain in the SSLD
model. We set parameter values following the calibratiaoppsed byBianchi (2011),
which was designed to match properties in annual data foedtga. Since we solve for
perfect-foresight equilibria, we ignore the parts of hilration that relate to the stochas-
tic processes of tradables and nontradables income, agti set for allt andy, = 1 for

t > 0. Table2.1lists the parameter values.
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Table 2.1: Parameters

Parameter Value

y 2
n 0.205
w 0.31
B.9" 0.91
yN 1.00

Bianchi (201]) set the coefficient of relative risk aversion o= 2, a standard value
in DSGE models. He also st = 0.205, so that the elasticity of substitution between
tradables and nontradables/(1+ n)) is 0.83, which is the upper bound of a range of
existing estimates. This elasticity is key for determinihg elasticities of botp® and pN
to changes in sectoral consumption allocations, which plegntral role in determining the
effects of Sudden Stops and the magnitude of the exteewatitiving the design of optimal
financial policy, as we show in the next Sectiem= 0.31 is set so as to match a tradables
consumption share of 32 percent. Bianchi also set the digdaator tof3 = 0.91, so that
his stochastic SS model can match Argentina’s average reatjfoasset position-GDP ratio
of —0.29 from the data constructed hyane and Milesi-Ferret{i2001). We take this same

value of 3 and since we are assumifR" = 1 this impliesq* = 1/R* = (.

Given the above parameter values, ghd-= 1 for all t, we solve for the unconstrained
equilibrium of the SS model for a value b such that the initial net foreign asset position-
GDP ratio po/(yy + pNyN)) matches Argentina’s average, which impligs= —0.868.
Then, using the value of the consumption price index at thisli®rium, p>SS we solve
for 58 = bp/p®SS which is the initial condition for bonds in the SSLD modehtisupports
the same unconstrained stationary equilibrium as thereaéid SS model. This guarantees
that the initial net foreign asset position-GDP ratio of 88D model, which is given by

p§bg/ (v + PNy, is also -0.29.
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Consider next the wealth-neutral shockg/go(which assume future tradables income
changes as needed to késpunchanged). Agg falls agents borrow more (bond holdings
fall) att = O in order to maintain the same unconstrained consumptiearst For a given
value ofk, this new debt choice approaches the maximum allowed byrdtitconstraint
(—K[yg + p'(}')?\']) as initial income falls. As long as the constraint does fd jothe SS and
SSLD economies stay at the unconstrained equilibrium, ngnwit binds the allocations
and prices at date 0 move to a Sudden Stop equilibrium, whaghan may not be unique

as we showed eatrlier.

We study first the case in which Sudden Stop equilibria arguein both economies.
To this end, we sek = 0.29 and solve for the equilibria of the two models for wealth-
neutral income shocks in the interval (0.85,1). Figu®&presents the results for the SSLD
economy as percent deviations from the unconstrainedibguih, and shows also results

for a hypothetical scenario in whigtf andp" are kept fixed at the unconstrained levels.

When income is sufficiently high (fq% near 1), the credit constraint does not bind and
therefore the plots show zero deviations from the uncomgtdaequilibrium. Asyg falls
the constraint becomes binding triggering Sudden Stopktranplots show that aggregate
and tradables consumption, as well as the price of nonttaslaind the real exchange rate,
display sizable declines. For example, for a 5 percent sfygc& 0.95),co andcg fall by
2 and 6.3 percent respectively, apgﬂ andpg fall by 7.6 and 5.3 percent respectively, bond
holdings in units of tradables rise 580 basis points ancettses current account reversal of

45 basis points.

The comparison of Sudden Stops vis-a-vis the scenario witktant prices helps illus-
trate the extent to which the Fisherian deflation effect ftbecredit constraint (reducing
cg) and the debt-repayment-burden effect from liability daltation (increasingg) offset

each other. Keeping prices constant removes both effeatthat the declines in con-
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sumption that result are driven only by the exogenous drdpdame and the fall in the
exogenous component of borrowing capacity(T)(), which are at work in both scenarios.
Hence, if the two effects were of equal magnitude (in absolWaiue), the results for the
SSLD case and the smooth prices case would be identical. ahéhat the latter yields
slightly larger Sudden Stops indicates that in the resolt$He SSLD economy the defla-
tion and repayment-burden effects nearly offset each ollueithe latter is slightly larger
(in absolute value). Hence, through the debt-repaymertddoueffect, liability dollariza-
tion is providing a very good hedge against the loss of ressucaused by the endogenous
component of borrowing capacity py;?"). This result may not hold for different param-
eterizations, and it will also fail more generally in stostia SSLD models in which the

new-debt-price and risk-taking incentive are also at work.

Figure2.4 compares Sudden Stop equilibria between the SSLD and S$moesfor
yg = 0.97 (a 3 percent shock) for valueswfin the (0.21,0.303) interval. Recall that both
models have identical parameters and identical initialditmoms, and hence the uncon-

strained solutions are identical.

In line with the theoretical results derived earlier, theLBSnodel always produces
milder Sudden Stops, because of the debt-repayment-befti. For the upper bound
of k, the credit constraint does not bind, and hence both ec@®rmimain at the uncon-
strained equilibrium, which is identical between the twos ¥Adecreases and borrowing
capacity tightens, both economies move to unique Suddenesfailibria, but as the plots
illustrate, the Sudden Stops of the SSLD economy are signilic smaller. For a drop
in the debt-to-income limit of 5 percentage points, redgainfrom 0.3 to 0.25, the SS
(SSLD) model produces declines ¢g and cg of 18 and 45 (4.7 and 14) percent respec-
tively, and drops irp’aI andpg of 51.7 and 38.7 (16.6 and 11.7) percent respectively. The

current account rises by 20 percentage points of GDP in the@&#®I, compared with 4.1
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Figure 2.3: Sudden Stops in Response to Income Shocks irSthie $lodel
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in the SSLD modef® The collapse in the real exchange rgig)(moderates the Sud-

35. Mendoza and Roja@017) show that the finding that Sudden Stops are milder extendsiaatitative
comparisons of stochastic SS and SSLD models, in which theglece and risk-taking effects of liability
dollarization are present, and that for the same calibmatie SSLD model performs better at matching
the observed empirical regularities of Sudden Stops.
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Figure 2.4: Sudden Stops in Response to Changesnrthe SS and SSLD Models
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den Stops of the SSLD economy significantly, whereas in thec®8omy its even larger
collapse does not affect the debt repayment burden. Notsmethat the gap between

the equilibrium responses in both models wideng akecreases, indicating that the debt-

75



repayment-burden effect works as an endogenous hedge ahétlly weakens Sudden

Stops and by larger amounts for larger corrections in bamgwapacity.

Consider next the case of equilibrium multiplicity. Usirgtsame parameter values as
in the previous experiments, the threshold values thfat are necessary (but not sufficient)
for multiple equilibria in each model are>S= 0.38 andk SS-P= 0.68. Moreover, the factor
by which the latter exceeds the former is & v %68 = 1.79. Hence, the SSLD continues
to yield unique Sudden Stop equilibria mtvalues up to roughly 1.8 times the threshold
value of the SS model. Thus, the liability dollarization rebrequires significantly higher

K values to produce multiplicity.

As explained earlier, in addition to > k, multiplicity requires income shocks to be
within a particular range. Under the calibrated parametémnes we proposed, however,
the required income intervals do not intersect and hencéipticity cannot be generated
in both the SS and SSLD models simultaneously. Hence, irr tode&roduce Sudden Stop
outcomes with multiplicity we altered the model's param&téNe lowered the elasticity
of substitution betweea” andcN to 0.285 ¢ = 2.5), which is much lower than the range
from literature estimates cited Bianchi(2011), and halved the initial debt position (i.e.
bg = —0.149). With these parameter changes and sekting).45 we can support multiple

equilibria in both models, as shown in Figuze.

This Figure shows the equilibrium determination of the S8 88LD models in our
guantitative examples for two values of initial income, thesshold valueyg at which
the credit constraint sustains just enough debt to suppertihconstrained equilibrium,
and the upper bouny'br"above which the only equilibrium the models can support & th
unconstrained equilibrium. For each case, the Figure shiosvsorresponding BB curves
of the SS and SSLD models, as well as the PP curve. As explaeridr, when income

equals eitheygor 373 the models support two equilibria, the unconstrained dguilm and
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one Sudden Stop equilibrium, and for income levels insigeitherval the models support
three equilibria, the unconstrained one and two Sudden@tep. The value of;"(0.397)

is the same for the two models because we solve them withicd¢parameters and initial
conditions. The values of “are different because of the effects of liability dollatiea,
and they arg/™SS= 0.627, andy™SSP= 0.463 for the SS and SSLD model respectively.
Hence, the range of income in which multiple equilibria éxisder this calibration is much
narrower in the SSLD model than in the SS model (about 1/3edsthe, 0.07 v. 0.23).
Moreover, as noted earlier, multiplicity occurs when ttalda income is “relatively high,”
in the sense of being (weakly) higher than the income levelrath the credit constraint
is only marginally binding. Hence, Sudden Stops triggerganiiltiplicity coincide with

high income.

Figure 2.5: Multiple Equilibria in the SS and SSLD Models
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The difficulty in generating multiplicity with the SSLD moldean be illustrated further
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by studying an alternative numerical example calibratesh&bch the scenario with multi-
plicity in the SS model studied iSchmitt-Grohé and Urib€018. Their calibration sets
n = 1, which implies an elasticity of substitution of 0.5, stilkide the range of empirical
estimates but closer to the lower bound than in our baseétileration, andw = 0.26 (V.
0.31 in our experiments). Using the same initial debt we Umzd, these parameter values
imply threshold values fox of kSS= 0.192 andkSS'-P= 0.456. Hence, at their calibrated
value ofk = 0.3, there is multiplicity in the SS model, in line with their diimgs, but not in
the SSLD model. Under liability dollarizatios, would need to be nearly 2.4 times larger
than the threshold of the SS economy, or 1.5 times theirredéd value, in order to be in

the region in which multiplicity is possible.

2.3 Normative Analysis

In this Section, we study the normative implications of alucing liability dollarization

in Sudden Stops models, focusing on unique equilibria fiopsicity. Following Bianchi
and Mendoz#2017), we characterize optimal financial policy following a pehapproach

by analyzing the allocations attainable to a social plawieo chooses the debt of pri-
vate agents under commitment subject to the resource, tagdaging, and collateral con-
straints, and letting goods markets and financial interarézl operate competitivel§. We
then explore the implications of this optimal policy for tthesign of domestic credit regu-
lation (i.e. domestic debt taxes) v. capital controls. Asslvew below, the optimal policy
is time-inconsistent, because of the planner’s abilityftech the ex-ante domestic interest
rate for debt contracted at ddtéor the expected real exchange rate) with the consumption
of tradable goods planned for date- 1. Moreover, capital controls and debt taxes are

equivalent, so under the optimal policy the SSLD maittas nosupport the use of capital

36. The last assumption is equivalent to assuming that sor@epk cannot contract debt directly with foreign
lenders in units of tradables, and instead borrows fromadhngesintermediaries as private agents.
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controls as a policy aimed at discriminating external v. detit credit. Finally, since the
optimal policy lacks credibility and follows a complex, rimear schedule, we study quan-
titatively the effectiveness of a simpler policy that satse-invariant tax rates on domestic

credit and capital inflows in a stochastic, infinite-horizmvironment.

2.3.1 Optimal Policy under Commitment

Assuming that the regulator chooses bond holdings for f@iagents, their optimization
problem reduces to a simple static problem of choosing biadaand nontradables con-
sumption subject to a budget constraint that includes tbenre from tradables and non-
tradables, and a lump-sum transfer (tax) from the planramrdpresents the amount of re-
sources generated by borrowing (repaying). The privat®sao longer choosdsf, , and
does not face the collateral constraint. Hence, the fidéroronditions of the agents’ opti-
mization problem no longer include the Euler equation fands(equationd.8)) and the
borrowing constraint (equatior2 Q)), but the optimality condition for sectoral consump-
tion allocation (equation2(7)) still holds, since the market for nontradables still ctea
competitively. In addition, the no-arbitrage conditionfioiancial intermediaries must also

hold, because these intermediaries are also still opgratimpetitively.

Using the nontradables market-clearing condition to stletfor ¢ and the interme-

diaries’ no-arbitrage condition to substitute fgfpr, the social planner’s problem can be
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written as follows3’

E t Ty 2.18
nax, OIZ)BU(Ct(Ct ) (2.18)
S.t.

O Ee [P°(cly 1) bf g+ 6 = p°(c )of +yf Wt (2.19)
q°Ee [p°(c )] by > —k (v +pN(e)YY) Wt (2.20)

It is important to note that in this problem, as was the cagbhercompetitive equilibrium,

¢/ is independent of the value g when the constraint binds, and is determined by the
same non-linear equatior2..3, which in this case follows from combining conditions
(2.19 and @.20.

As we show below, the solution to the above problem displays-inconsistency. The
key feature of the problem behind this result is that in ttepkr’s resource and borrow-
ing constraints, the real exchange rate expectetfdr (E; [pc(ctTH)}) affects disposable
resources and borrowing capacity at daté\s a result, the planner’s optimal plans for a

given future date affect consumption allocations and lvarrg capacity in the past.

The time-inconsistency result can be derived fomally bypdifying the planner’s Euler
equation for bonds to reduce it to the following expresston:
Ur () + Hek PV (OFN — p (0F (B 1] + SleR )

A = T - . (2.21)

The planner’s marginal utility of wealth at dat&A;) depends on two terms determined

37. The planner’s problem is written in short notation fanglicity. Given the Markov process of , the
expectations are taken over histories of realizationd) thi¢ date-t probability of a hlstOIy)” denoted
by 7&(y™) and the associated consumption and bonds allocationsetehgt] (y') ) andbf, ,
spectively.

38. SeeMendoza and Roja@017) for full details.
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att — 1. First,E;_1(At), which reflects the effect of changes in the amount of ressurc
generated by debt contractedtat 1 on the marginal utility of wealth expected for date
t. This is possible because, by affecting real exchange xaiectations, the planner alters
g’ , and hence the amount of tradable goods that a given amourbbfissued at — 1

yields. Second, Cqv1 (A, p(t)) /Ei—1[p°(t)], which has a similar form as the private
risk-taking incentive identified earlier in conditioB.(4), except the planner’s covariance
is with respect to the social marginal utility of wealth oneripd ahead, instead of the
marginal utility of tradables consumption. The privatek+iaking incentive reduces the
expected marginal cost of borrowing betwéamdt + 1. The planner, in contrast, considers
how the covariance term alters the debt chosen-al and thereby the debt repayment
burden of daté. Through these two feedback effects, the planner’s chdicermsumption

and debt at affects price expectations and the planner’s covariance & datet — 1,

which in turn alteriA; by affecting the debt chosen &t 1 and hence the burden of debt

repayment at date

These feedback effects produce time-inconsistency becagsof a given datg the
planner has the incentive to pledge higher consumptidA-dt, so that a higher expected
real exchange rate props gpand reduces the ex-ante real interest rate, strengtheaing b
rowing incentives and borrowing capacity via the effectBaddility dollarization discussed
earlier. Ex-post, however, delivering on this pledge isapiimal, because higher prices at
t+ 1 imply a higher ex-post real interest rate, and thus a higheten of debt repayment
in that period. This time-inconsistency mechanism is atkwegardless of whether the
constraint binds or not, but it interacts with the constraiecause by affecting borrowing

incentives it affects the likelihood that the constraim &énd at equilibriun’®

Bianchi and Mendozg017) obtained a similar result showing the time-inconsistency

39. Notice that, whep: > 0, pledging highel:tT+1 could make the constraint less tight by increasing the
price of bonds, but this does not generate additional regsuior consumption, which are still be given

by —k (¥ + pl'yN).
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of optimal macroprudential policy under commitment in a mlad which assets serve as
collateral, but the mechanism driving the time-inconsisyethat we described above is
different. In Bianchi and Mendoza, the asset-pricing cbadiconnecting current asset
prices to future consumption leads the planner to prop ugt gsices when the collateral

constraint binds by pledgingwer future consumption, which is not optimal to do ex-post.
In contrast, in this model (and also in the SS model), spftandd’ are independent of

the planner’s future plans when the constraint binds #te planner cannot prop up the

value of collateral with its future plans.

It is important to notice that time-inconsistency emergeeteven though the collat-
eral constraint is defined in terms of a limit on the debtrtceme ratio (a flow constraint),
instead of a debt-to-assets ratio (a stock constraint, &ainchi and Mendoz#017).
Hence, time-inconsistency of optimal financial policy undemmitment can exist in Fish-
erian models with either stock or flow collateral constraitwhat is necessary is to have a
vehicle that allows the planner to affect past prices armtations, or borrowing capacity,
with current consumption and debt choices. In contrastjr@dtpolicy is time-consistent

in standard SS models, because there is no vehicle for thisgpen.

The planner’s first-order conditions can be re-arrangedrédyre an alternative ex-
pression for the planner’s Euler equation for bonds thattggithe social marginal costs
and benefits of borrowing, which is useful for charactegzime inefficiencies affecting the
competitive equilibrium. As shown iMendoza and RojaR017), the resulting expression

is:

ur (t) = BE; [[ur (t+1) + paky pV (t+ 1) R W(t+ 1))

+ e () —kyVpV (D)), (2.22)
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where:

_ ([ v
Yit+1) = (lll(t+1)) (2.23)
—1_ C O ¢ (Ei-1[A] | Com—1 (A, pc(t>))
Wit =1 g+ (e (S SREELN) 20
The comparable Euler equation in the competitive equuitris:
ur (t) = BE; [R], qur (t+1)] + pCE, (2.25)

whereuCE denotes the multiplier of the collateral constraint in tbenpetitive equilibrium.

Consider first the last terms in the right-hand-side of batkeEequations, which in-
clude the multipliergy anduCE. These terms are only present if the collateral constraint
binds at date, but in this case the specific values of the multipliers argewant for the
planner’s allocations, because, as we noted eadfieis independent of; and ucF when
credit is constrained. Note, however, that allocations ks will differ for the planner
and the unregulated equilibrium, because by internalithiegexternalities the planner will
alter the likelihood of the constraint becoming binding antlgenerally arrive at states in

which the constraint binds with differeb§.

Compare now the first terms in the right-hand-sides of the@abkaler equations. These
terms indicate that the prodLIéIHUT (t+1) is part of both the social and private marginal
costs of borrowing, but the social marginal cost includésepterms that reflect the effect
of the pecuniary externalities at work in the model. The tgrmk p'V'(t +1)yN is familiar
from the standard SS models. It captures the macroprudlertexnality operating via the
effect of the price of nontradables (i.e. the value of cellak) on borrowing capacity, and is
strictly positive whenever states with, 1 > 0 have positive probability d@t+ 1 as of date
t, becauseN is increasing irc™. In states in which the collateral constraint is expected

to bind, the social marginal cost of borrowing includes thadow value of the loss in
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borrowing capacity caused by the fall in the price of norditads if a Sudden Stop occurs,
because the planner internalizes how the debt chodeaffaicts the size of the price drop
att+ 1. Hence, this macroprudential externality is an overbeimg externality, since

it implies that the marginal cost of borrowing for privateeats is lower than the social

marginal cost.

The termW¥(t + 1) captures a second pecuniary externality that is partidolghe
SSLD model, namely the intermediation externality. As tlaper’s Euler equation show,
W(t 4 1) distorts the ex-post real interest rate paid in units ofabdes. In turnW(t+1) is
a ratio composed of the intermediation externality’s dfaxperating via the three mecha-
nisms discussed earlier (repayment debt burden, pricendymesued debt, and risk-taking
incentive) at dateé relative tot 4 1, which are summarized in the termpgt) and (t + 1)
respectively. Using the expression that defiggt), it follows that the effect operating via
the debt repayment burden is captured by the termp (t)bf, which is strictly greater
than 1 becauskf < 0 andp¥(t) > 0. The planner internalizes that additional borrowing
at datet increasesc(t), which increases the burden of repaying outstanding debe T
effects operating via the price of new debt and the riskrglkncentive are captured by the
term pug—tt)b‘c [Et,l()\t) + W]. This term reflects the fact that the planner inter-
nalizes the intermediaries’ no-arbitrage condition, ardde takes into account how the
social marginal cost of borrowing responds to the effecth@finges in daté-consumption
on price expectations, the price of debt and incentives tooloatt — 1. In particular,
the planner takes into account how these effects alter ttmianof resources in units of

tradables that debt contractedtat 1 generates and the social valuation of the risk-taking

incentive at — 1.

If W(t+1) is greater (smaller) than 1, the intermediation extemaiitreases (reduces)

the social marginal cost of borrowing relative to the prvattarginal cost of borrowing, and
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hence it operates as an overborrowing (underborrowingyeatity. Unfortunately, while

it is possible to show thap(t) > 0 (seeMendoza and Roja&017), the size ofP(t + 1)
cannot be determined unambiguously. Using conditib84), however, we can infer that,
everything else constan®’(t + 1) is greater (smaller) than 1 if the outstanding debt in
periodt is larger (smaller) than in periddt- 1, and/or if the incentives to borrow at- 1
are weaker (stronger) thantafi.e. if the planner’s real-exchange-rate expectationgat

t + 1 exceed those at— 1 for t). Under these conditions, the intermediation externality
operates as a second overborrowing (underborrowing) readter. Moreover, unlike the
macroprudential externality that is only present when; > 0 has positive probability
as of datet, the intermediation externality is always present, relgssiof whether the
constraint is expected to bind or not (although the actuialevaf ¥(t + 1) does depend on

whether the constraint is expected to bind).

It is worth noting that the intermediation externality vatmes if we assume either com-
plete asset markets or perfect foresight. Under perfeetsfght, the covariance term in
condition @.24) vanishes and sinc&_1[Ai] = A, it follows that ¢/(t) = 1 for all t and
henceW(t) = 1.0 The same happens under complete markets bedausscomes time-

and state-invariant.

In order to decentralize the planner’s allocations as a &titiye equilibrium, we con-
sider possibly using two policy instruments: Capital colsti(i.e. taxes on the intermedi-
aries’ inflows of foreign capital) and domestic debt taxesé€s on domestic borrowing).
Capital controls are modeled as a tthat raises the interest rate at which intermediaries

borrow from abroad above* (i.e. it lowers the price of bonds sold abroad bebpy With

40. One effect of the intermediation externality does remand it operates via the debt repayment burden
of the exogenous date-0 depb§. This can be seen in conditioR.@4) because fot = 0 there is no
matching termE_;[Ag] to cancel the two terms with® (t)bf. Hence, the planner has the incentive to
increasepg to reduce the debt repayment burdenat0.
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this tax in place, the intermediaries’ no-arbitrage candibecomes:

qE: _ q K {ptc—kl} ‘
(1+6&) pr

(2.26)

The revenue generated by this tax is rebated to intermediasia lump-sum transfer, which
can also be a lump-sum taxéf < 0. Notice that the tax is known at the moment of issuing

bonds, and is paid with the bond repayment.

The tax on domestic debt is denotrd If this tax is used, the budget constraint of the

representative agent becomes:

o prby 1 +¢ +phe = ptbf(1+ 1) +y + Py +Th, (2.27)

whereT; is a lump-sum rebate of the revenue generated by this tax|(onp-sum tax if

Tt < 0).

If both taxes are used, the agent’s Euler equation for boad$e expressed as:

ur (t) = (14 1) (1+ &) BE: [ur (t+ DRL ] + 4°F. (2.28)

This condition implies that, unless decentralizing sdgiaptimal allocations requires dif-
ferent taxes on capital inflows and domestic debt for reasthres than distorting the private
agents’ intertemporal decision margin, taxing one is eajaivt to taxing the other. What
matters is the combined effective tax ratie+ rff) = (14 1)1+ 6), and the particu-
lar values of each tax are undetermined. One such instarihe sandard SS model, in
which intermediation is inessential and the only inefficigaffecting the unregulated de-
centralized equilibrium is the macroprudential exteydi®ading agents to underestimate

the social marginal cost of borrowing. In this case, theroptipolicy can be implemented
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equally with only domestic debt taxes, only capital corgrm any mix of both that yields
the samertef.41 Thus, the standard SS model of Sudden Stiges noprovide a justifica-

tion for capital controls as a policy to discriminate donest foreign credit flows.

The presence of the intermediation externality in the SSLddlehis not sufficient to
break the above equivalence result. The optimal policy usdenmitment still requires
only an effective debt tax, and any combinatiomcdnd 6, that yields the samaEf yields a
competitive equilibrium with identical allocations as siethat solve the planner’s problem.
Hence, optimal policy under commitment in the SSLD modetahi#he property of the SS

model that itdoes nojustify the use of capital controls.

Since allocations and prices are independent;offhen the constraint binds gtthe
relevant use of the tax is whgg = 0. In this case, the optimal tax is the one that equal-
izes the social and private marginal costs of borrowing milbg the right-hand-sides of

conditions .22 and @.25:

ef B [(ur(t+1)+ poaxyVpV(t+ 1)) R W(t+1)]

e = B [/ ur (0 D) ~1 (2.29)

The numerator of this expression includes terms that coorebto the macroprudential and
intermediation externalities. Since the intermediativt@mality can yield social marginal
costs of borrowing higher or lower than their private coupégts, in principle the tax could
be negative (i.e. a subsidy). In addition, unlike the optitages of the SS model, in the
SSLD model the taxes are used at dageen if the collateral constraint has zero probability
of becoming binding at+ 1, as long as¥(t +1) # 1. Hence, it is not only a “macropru-

dential” tax, but a broader financial policy aimed at tadkline intermediation externality.

41. As explained earlier, intermediation in the SS setupbeainterpreted as frictionless domestic banks that
borrow and lend in tradables units, or as the nonfinancighpeisector borrowing directly from abroad.
Either way, the optimal policy needs to tackle only the irvédfncy driving a wedge between the social
and private marginal costs of domestic borrowing, and heloceestic debt taxes and capital controls are
equivalent.
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Moreover, this optimal tax policy inherits the time-inc@tency of the social planner’s

problem, and hence it lacks credibility.

One important caveat of the above equivalence result igtthatds in part because of
the stylized formulation of financial intermediation. I16isng domestic loans has a variable
cost, for instance, the marginal cost of issuing domesti@dbavould be subtracted from
the right-hand-side of26) and this would imply that setting at a given rate results in a
larger increase in effective borrowing costs that settjreg the same rate. Hence, extending
the model to introduce realistic frictions in financial intediation may not only introduce
non-neutral balance sheet effects on banks as the realregehate moves, but may also

provide a justification for capital controls.

If we switch to the standard SS model by imposing on the ab@ienal tax result

the assumption that debt is issued in units of tradablesexbeession reduces uff =

Eit [pe kN pV (t+1)]
Etur (t41)]

(2011, Bianchi et al.(2016). The optimal tax of the SSLD model also preserves the

, Which is the optimal debt tax of the standard SS model (Bignchi

result from the standard SS model that the value of the tamdeterminate whep; >

0, because as explained above the planner’s allocationsi@ependent ofx when the
collateral constraint binds. Therefore, any debt tax iasi with the collateral constraint
being binding in the decentralized equilibrium with debtes can support the planner’s
allocations wheny; > 0. In quantitative applications, the convention in therétere is to
determine if a zero tax is consistent with this outcome, &s0 ithe tax is assumed to be

zero when the constraint binds.

42. SeeMendoza and Rojag017) for an analysis of optimal time-consistent policy for a diionally-
efficient regulator that takes as given the pricing functbprivate debt of the unregulated competitive
equilibrium. In this case, the equivalence breaks. Capitatrols support the debt pricing function,
effectively implementing a policy that targets the expdatgte of real appreciation, and domestic debt

taxes are set as needed to support the oprifrfagiven the optimab;.
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2.3.2 Quantitative Evaluation of Simple Rules for Debt Taxe & Cap-

ital Controls

The optimal financial policy under commitment has two shartngs. First, it lacks cred-
ibility because of time inconsistency. Second, the optiefedctive debt tax that would
implement it would follow a non-linear schedule with compleariations over time and
across states of nature, as dictated by the various ternteingtimal tax schedule de-
fined in 2.29. In light of these shortcomings, we explore the effectesgnof a simpler
policy strategy that consists of time-invariant taxes omdstic debt and capital inflows.
In particular, we conduct a quantitative analysis of theeekto which this strategy can
reduce the magnitude and severity of Sudden Stops and seceesial welfare relative to

the unregulated competitive equilibrium of the SSLD ecopom

To conduct this analysis, we calibrate a stochastic versfahe model and solve it
numerically for the unregulated competitive equilibriuifhen we solve for competitive
equilibria under different time-invariant values ofand 8, and implement an algorithm
that searches for the welfare-maximizing pair of these omsaxes® We use a baseline
calibration with most parameters set at the same valuesths perfect foresight analysis
of Section2.2.2 The only modifications are that we add the calibration ofdtoehastic
process of the tradables endowment, for which we adopt gigaione proposed Bianchi
(2011, and we reset the value &* also to match Bianchi’'sR* = 1.04). The stochas-
tic model require3R* < 1 to have a well-defined stochastic steady state, becaube wit
BR* =1 agents accumulate an infinitely large stock of precautiosavings. The Markov
process foy" is constructed to approximate Bianchi’s estimated AR fhptiseries process
for the cyclical component of tradables GDP in Argentina vitnich he obtained an auto-

correlation coefficienp,r = 0.54 and a standard deviatiagr = 0.059. We then used the

43. We solve the competitive equilibrium with and without¢a using the same time-iteration algorithm with
fixed grids as ilrMendoza and Roja@017).
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guadrature method proposed Bguchen and Hussd$991) to construct a Markov chain
with 9 realizations centered aroufidy’] = 1. We keep the value af = 0.29, which is
the same we used to generate Sudden Stops in the perfecgftresperiments. Thig
value also yields a frequency of Sudden Stops in the SSLD htioalies close to empirical
estimates (3.83 percent v. 3.32. percent in emerging nmedah as reported Mendoza

(2010), and lower than in Bianchi’'s SS model (5.5 percent).

When solving for competitive equilibria with constant taxee assume that the revenue
(cost) generated by positive (negative) valuef @ rebated (charged) to private agents as
part of their lump-sum transfers (taxdg) We do this because, if they are passed on to inter-
mediaries, the frictionless formulation of financial imtexdiation that we adopted renders
a cut in@ equivalent to parametric increaseqjin and hence subsidizing capital inflows is
equivalent to lowering the world interest rate arbitrgrityaking very large subsidies that

can be painlessly paid for optim#.

Under the above assumption, transfers to private agentgieea by T, = —tprbf —
6q¢prby, 1, which together with the agents’ budget constrain®{) and the pricing condi-
tion (2.26) yields the same resource constraint for tradables as iegh#ibrium without
taxes .12, thus removing the income effects inducedtbgnd®. In the equilibrium con-
ditions that result, the two taxes appear as before in therlguation for bonds forming
the wedge that define®’, but now 6 also appears in the collateral constraint as a term
that contributes to make the constraint less tight. This ilsexcause a highé moves bor-
rowed resources further away from their constrained mamitrsince it reducegfpr (see

eq. €.26), which increasegfpfbf, ; for by, ; < 0. This effect can also be interpreted as if

44. If intermediaries pay the lump-sum taxes to finance tisebsidies, the taxes cause a harmless fall in
dividends, because there is no limit on bank liability andcoastraint requiring bank dividends to be
positive. Loweringf so as to approach -1 would then be optimal, because whileuthsidy-adjusted
value of collateral { (14 8)k (y§ + pNyN)) allows only for an infinitesimally small amount of debt, the
amount of resources in units of tradables that this debt rgéee ¢ (q*E(pf,,)/(1+ 0))bf, ;) grows
infinitely large.
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0 effectively increases the fraction of income pledgeableddisteral, since the collateral

constraint can be re-written a8E; (pf, )b’ ; > —Kk(1+ 6)(y{ + pry").

If follows from the above arguments that, if we remove theatelal constraint, capital
controls and domestic debt taxes levied on an otherwise ettive economy are again
equivalent. Onlyr¢f matters, and decomposing it intoand 8 is irrelevant. If the collat-
eral constraint is present and is occasionally bindaxgd(under the assumption that the
budgetary impact of the capital controls is allocated togig agents instead of banks), the
equivalence breaks becauBdas an effect separate fromwhen the constraint binds: It
increases (reduces) borrowing capacityfasses (falls). Hence, the regulator now has an
instrument that can alter allocations when the constramds If using it can increase so-
cial welfare, this can justify using capital controls as &qyspecifically aimed at targeting

capital inflows.

Two important caveats about this result: First, it does rextessarily follow that a
policy of setting® high enough for the constraint never to bind while keepifigat zero
is the best policy. This is because the intermediation aatéy is present even when the
constraint does not bind, and this can make a competitiviilegum with some degree of
credit frictions more desirable than one without creditstoaints (i.e. welfare in an SSLD
economy where the constraint never binds is not necessuagiher than one where it can
bind, while in the SS model this is always the case). Sectrdcabove result does not alter
the result that the equivalence between capital contralsdamestic debt taxes holds for
implementing the social planner’s equilibrium under conmnant, because the planner has

no incentive to act when the constraint binds, since it caater allocation$?

In the quantitative experiments we discuss nexgnd 6 take possible values from

45. Intuitively, the planner acting under commitment is stoained-efficient in terms of being subject to the
collateral constraint and the pricing conditions of goodd asset markets, and the latter in particular
means the planner is committed not to distort the internmegiao-arbitrage condition, which the ad-hoc
constan® distorts.
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discrete grids. We solve the tax-distorted competitiveildqium of the SSLD model

for each available paift, 8) and search for the pair that yields the largest welfare gains
relative to the unregulated competitive equilibrium. Tdegelfare gains are computed
as compensating variations in consumption constant adaiss and states of nature that
equate expected lifetime utility in the competitive eduilim with taxes with that in the

unregulated competitive equilibrium.

Figure2.6shows three plots that illustrate the welfare effects offitexes on domestic
debt and capital flows. Panel (a) shows the welfare effectsanfing T in the [0,0.06]
interval for@ = [-0.02, —0.01,0.005,0.01,0.02 (where 0.005 is the value that maximizes
welfare with respect t@ ). Panel (b) shows the welfare effects of varyiégn the [-
0.03,0.06] interval for = [0.01,0.02,0.03,0.04] (where 0.02 is the value that maximizes
welfare with respect to). Panel (c) uses the same data of Panel (a), but plotted astéoiu

of the value ofréf corresponding to eactr () pair.

To understand the intuition behind these plots, keep in ntiad without policy in-
tervention the economy is affected by the macroprudentidliatermediation externali-
ties. Constant taxes can in principle weaken these extgesalbut nothing guarantees
a welfare-increasing outcome for arbitrary, @) pairs. Whether this is the case or not
depends on the extent to which the distortions introducethbege taxes tackle the exter-

nalities v. the costs of these distortions themselves.

The distortions that the constant taxes introduce aremé@ted by the following effects.
First, there are the two distortions evident from the oplitpaonditions mentioned earlier:
1) both higherr or higher8 increase the effective real interest rate in the Euler eéguiat
for bonds, thus increasing the marginal cost of borrowindnigher@ increases borrowing
capacity by increasing the effective fraction of incomedgleable as collateral. There are

also two precautionary-savings
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Figure 2.6: Welfare Effects of Constant Taxes
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effects that are dynamic implications of the first two effecB) the interest-rate effect
of higher@ or highert strengthens precautionary savings incentives; and 4)dhegteral
effect of higher@ reduces the need for precautionary savings. Finally, ikexigo a Sudden
Stops effect: 5) as a result of the previous effects, chaingeand/or6 affect the frequency
and magnitude of financial crises, and these effects aramaretonic (e.g if is so high
that the constraint never binds, or is sefat —1 so that no debt is allowed, the Fisherian

deflation mechanism disappears).
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When considering precautionary savings effects, it is woetalling that the typical
stationary asset demand curve of incomplete-markets moddlich plots average bond
holdings at different interest rates, is generally conaaik a vertical asymptote at an ad-
hoc debt limit and an horizontal asymptote where the inteeds equals the rate of time
preference (sekjungqvist and Sargen2004). This has two important implications for
the effects of@ andt. First, because of the concavity, changes of equal siZ® an T
have much stronger effects on the average debt positiomdrathigh interest rate than
a low one. Second, there is an asymmetry between the twaimstrts in how they alter
the stationary debt position: changimgor 8 implies similar movements along the asset
demand curve, but changirgalso alters credit limits and thus shifts the asset demand

curve.

Panel (a) of Figur@.6 shows that forr < 0.02 welfare rises witlt and is about the
same across the five values &f In this region, a higher debt tax is beneficial because,
via the effects mentioned above, it reduces the adverseteié the macroprudential and
intermediation externalities. The separate effe@ oh borrowing capacity does not make
much difference, because although the lower value® mduce borrowing capacity, the
higher debt taxes are already aiming to reduce debt in theoecp In contrast, as in-
creases above 0.02, welfare starts to decline for each @hl@eas now taxing debt has
a rapidly growing distortionary effect on borrowing deoiss that exceeds the benefits of
weakening the externalities. Moreover, welfare is muchelofer higherf, because higher
6 implies higherr®' for the samer, so the distortion on the borrowing decisions is larger.
In addition, highet® makes the distortion on the marginal cost of borrowing maiefol,
because it increases borrowing capacity which weakensiives for precautionary sav-

ings (i.e. strengthens the desire to borrow).

For each curve corresponding to a given valuédah Panel (a), there is a range of
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values oft for which welfare is nearly independent of This is an implication of the
shape of the welfare curves in Panel (b), which show thatafgiven value ofr, there is
always a threshold value & below which welfare is only marginally increasing éh In
this region, the interest rate and borrowing capacity &ffe€ 6 push against each other,
with low values off reducing the marginal cost of borrowing and precautionamrgs
because of the former, but also reducing borrowing capagityincreasing precautionary
savings because of the latter. The net result is that welises only slightly with6. On
the other hand, fof higher than the threshold value, welfare begins to fall glyaas 6
rises, because now the marginal cost of borrowing is risbagnbuch relative to the costs
of the externalities, and the increased borrowing capagityelevant. Note also that for a
given @ in this region, welfare is sharply lower at higherbecause this implies higheff

and hence a stronger distortionary effect of debt taxes.

Panel (c) of Figure.6 illustrates three important results of the regime with ¢ans
taxes. First, there is a region of tax pairs for which debesaand capital controls are
equivalent, and hence only the effective debt tax mattemspalticular, when the, 6
values yieldréf > 0.038, a giverr®' yields the same welfare regardless of the valu8.of
This is because at sufficiently higi§' incentives to borrow are weakened enough to make
the effect of6 on borrowing capacity irrelevant, and as explained eafhehe absence of
this mechanism the two instruments are equivalent. Butr%br< 0.038 the equivalence
breaks. For a given® in this region, welfare is lower at higher values@fThis is a key
result, because it shows that when the two instruments aeguivalent, it is preferable to
generate a givem®' with a mix that uses (weakly) lower capital controls, beeainsthis
region a higher borrowing capacity with a higltemakes taxing debt more costly. Second,
as in Panel (a), for each value 6fthere is an interval of values aff' that generates
roughly similar welfare effects and this interval is wider fower 8, which is again due to

the flat region of welfare effects identified in Panel (b). Sesult is important because it
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shows that, if the choice is only over constant taxes @slset relatively low, regulators
have more “margin of error” for setting without reducing welfare sharply. Third, it is
easy for constant taxes to produce outcomes that reducarevedflative to the unregulated
competitive equilibrium, by as much as as 0.45% 6F = 0.09. Any (1,6) pair that
yields a value ofr®' above 0.045 is worst than leaving the economy unregulatedgly
exposed to Sudden Stops, and this is true for all the valués @fonsidering in addition
that, as noted below, even the welfare-maximizing constexats yield small welfare gains
and modest declines in the frequency and severity of Sudtigys Sthis result highlights

the importance of careful quantitative evaluation of mamriented financial regulation.

The welfare-maximizing pair of tax rates1$ = 0.02 and6* = 0.005, which implies
t*¢f — 0.025 and yields a welfare gain of only 0.1 perc&tTable 2.2 sheds light on
the effectiveness of this policy for reducing the magnitadd frequency of Sudden Stops
by comparing key moments of the unregulated competitivéiegum v. the equilibrium
with the welfare-maximizing pair of taxes. The long-run i@ages of consumption and
the debt ratio are about the same, the latter just a notchesméth the constant taxes.
Since mean consumption is about the same, we can infer thatiffierences in welfare
are largely influenced by differences in how the macroprtideand intermediation exter-
nalities affect regular business cycles, the frequencymaagnitude of Sudden Stops, and
the frequency with which the collateral constraint bindgeewithout a Sudden Stof}.
With the constant taxes, the probability of the collate@istraint being binding falls by
over 350 basis points (from 35.4 to 31.8 percent) and thegtidity of Sudden Stops falls
by roughly 60 basis points (from 3.83 to 3.23 percent), bdaat when Sudden Stops do

happen consumption falls slightly more.

46. Thisis only 1/5th the size of the gain tid¢ndoza and Rojg®017) found for an optimal, time-consistent
policy of time-varying tax rates.

47. As inthe literature (sedendoza2010), we define Sudden Stops as states in which the constraits bi
and the current account increases by more than two standaiations.
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Table 2.2: Effectiveness of Constant Taxes

Long-run Moment$ (1) (2)
DE CT
Average(P°b°/Y) % -29.41 -29.07
Welfare Gaifb na  0.10
Prob. of Sudden Stops 3.83 3.23
Prol( 1, > 0) % 35.38 31.84
Domestic Debt Tax Rate % n/a 2.00
Capital Inflows Tax Rat® % n/a 0.50
Averagec 0.989 0.989
Average change afin Sudden Stops % -4.60 -4.87

1 DE denotes the unregulated decentralized economy and Cdctireomy with
constant taxes and capital controls.

2 Welfare gains are computed as compensating variationsisuroption constant
across dates and states that equate welfare in the econdmgegulation with
that in the unregulated decentralized equilibrium. ThefavelgainW at state
(b%,yT) is given by(1+W(bC¢ y"))1~9VPE(LC yT) = Vi(b%yT). The long-run
average is computed using the ergodic distribution of thegulated economy.

3 A Sudden Stop is defined as a period in which the constraidsznd the current
account raises by more than two standard deviations in tiedér distribution
of the decentralized economy.

Examining how the constant taxes affect Sudden Stop dyrsashieds more light on
their effectiveness. To study Sudden Stop dynamics, wevidlhe same procedure as in
Mendoza and Roja@017), which is based in generating a long time-series simulatio
of the economies with and without taxes, identifying Sud8ésp events in the simulated
data of the current account, and constructing seven-yeat exndows centered on the date
when Sudden Stops occur. Figt& shows Sudden Stop event windows for the model’s
key variables in the unregulated economy and in the econathythe welfare-maximizing

pair of constant taxes.
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This Figure shows that the constant-taxes regime doesypooterms of macroeco-
nomic performance when Sudden Stops hit (i.et -at0). Aggregate and tradables con-
sumption, as well as the relative price of nontradables hadonsumption prince index,
show slightly larger declines with the constant taxes ic@ld he current account reversal
and the ex-ante and ex-post prices of domestic bonds are ed@same with or without
taxes. In contrast, the expected real exchange rate idisagntly less volatile, but this is a
straightforward implication of the capital controls ane tho-arbitrage condition of inter-
mediaries (taking into account that bond and consumptimegare similar in the regulated
and unregulated economies). The Figure also shows thatiegoi®n is less volatile over-
all with the constant taxes, which suggests that the 0.lepewelfare gain that these taxes
produce is due to both lower probabilities of Sudden Stopkkanding credit constraints

and a smoother consumption process.

Figure 2.7 also illustrates that Sudden Stop episodes in the unregl&tonomy are
broadly in line with the empirical regularities of Sudderoj®t: Large declines in con-
sumption, the price of nontradables and the real exchangearad a sizable reversal in the
current account-GDP ratidMlendoza and Roja017) show that these Sudden Stops are
milder than in the standard SS models but they are actuallgsgicquantitative match to

the observed features of Sudden Stops in emerging markets.
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Figure 2.7: Sudden Stop Events: Unregulated Economy v. &@ogmwith Constant Taxes

a) Aggregate Consumption (c) b) Tradables Consumption (c!') c) Price of Nontradables (p)

9 Deviation from mean

c

g) Expected Price of Consumption (E;[pf,])
s

Note: All variables except those measured as output rat®latted as percent deviations of their corresponding-lem av-

erages. Variables measured as output ratios are shownfareniifes relative to the long-run average of the correspgnetio and

expressed in percent.

2.4 Conclusions

We modified the workhorse model of Sudden Stops and macreptiadl policy in emerg-

ing markets by introducing liability dollarization. Frionless banks intermediate foreign
liabilities in units of world tradable goods into domestaahs denominated in units of
aggregate consumption, which is a composite good that cwsliradables and nontrad-
ables. A collateral constraint limits the resources thatlmagenerated by borrowing not to

exceed a fraction of the market value of total income in theesanits, so that the equilib-
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rium relative price of nontradables enters as a determiofdmrrowing capacity. Liability

dollarization introduces three effects absent from thekivorse model that work through
fluctuations in the real exchange rate: ex-post real exaheatgs alter the burden of repay-
ing existing debt, expected real exchange rates alter dantesd prices and ex-ante real
interest rates, and the negative correlation between margiility and real exchange rates

provides a risk-taking incentive by lowering the marginasgicof borrowing.

We provided analytical results and quantitative experitsiébased on a widely-used
calibration for Argentina) showing that under perfect fght only the first of the three
effects operates and two key results follow: Sudden Stopsralder than in standard
SS models and multiplicity of equilibria with Sudden Stopsharder to obtain. In the
SSLD model, unique equilibria are sustained for higher debihcome limits and the
range of income levels that support multiplicity is narrow@uantitatively, multiplicity
in the SSLD model requires particular preference paramétert deviate from typical cal-
ibrations, much higher limits in debt-to-income ratiosrtihose used in standard Sudden

Stops models, and even then it is present for significantisomeer income ranges.

We also conducted a normative analysis of the optimal firupalicy of a constrained-
efficient regulator acting under commitment. The compatigquilibrium is distorted by
two pecuniary externalities: First, the macroprudentidmality typical of standard Sud-
den Stops models, which is present at dataly when the credit constraint is expected
to bind with some probability at+ 1, because the planner internalizes the effects of the
date-t borrowing decision on the size of the 1 crash in collateral values. Second, an
intermediation externality induced by the three effectsiadility dollarization, which is
present regardless of the credit constraint, becauset@ragents do not internalize the
effects of their borrowing decisions on actual and expeotedlexchange rates. Optimal

policy tackles both externalities, but is also time-indetent: At datet, the planner has
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the incentive to pledge higher consumption fer 1 to create expectations of real appre-
ciation and reduce interest rates, but ex-postfal an appreciated real exchange rate is
undesirable because it increases the private agent’s ioofd#ebt repayment. Moreover,
decentralizing this optimal policy does not justify the w$eapital controls, because capi-
tal controls and domestic debt taxes play equivalent r@deth are needed only to alter the
marginal cost of borrowing of private agents, regardlesh®tource of credit. In addition,

the rule governing optimal effective debt taxes is a comptex-linear rule.

Since the optimal policy is complex and lacks credibilitye wxamined the potential
for constant tax rates on capital inflows and domestic deptaduce welfare-improving
outcomes relative to the unregulated competitive equuiibr If the budgetary implica-
tions of capital controls are charged to private agenteatsbf banks, there can be a role
for capital controls because they can alter borrowing capachereas domestic debt taxes
cannot. Quantitatively, the equivalence between capdatrols and domestic debt taxes
reappears at relatively high values of effective debt taaad for low values of effective
debt taxes, welfare is higher when capital controls aretdetaer rates than domestic debt
taxes. The welfare-maximizing constant taxes are in theneghere the two instruments
are not equivalent, yielding a 2 percent debt tax v. a 0.5quertax on capital inflows.
However, there is only a modest gain in welfare of 0.1 petroehtch is largely due to a
reduced frequency of Sudden Stops and binding credit @ngtr while macro dynamics
around Sudden Stops do not improve markedly, and in facturopgon and price declines
are slightly larger when a Sudden Stop hits. These resslissalow that quantitative evalu-
ation of the policy mix of debt taxes and capital controlgiseal, because slight variations
can produce regulated environments that leave privateteagegnificantly worse off than

in the unregulated economy.

The importance of liability dollarization in emerging matg& highlights the relevance
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of our findings for the analysis of Sudden Stops. From a pasgtandpoint, we found
guantitatively significant effects of liability dollarigan operating via real exchange rate
fluctuations. Moreover, iMendoza and Roja@017) we found that the mechanism mak-
ing Sudden Stops milder with liability dollarization als@kes them more consistent with
the stylized facts of Sudden Stops than in the standard médein a policy perspective,
we established here that the optimal policy under commitragtin or without liability
dollarization does not justify capital controls, only a tax the rate at which domestic
agents borrow that can be implemented equally by taxingalapflows or domestic debt.
Our analysis of simple macroprudential policies also failsnake a good case for capital
controls, as the welfare-maximizing policy uses mainly @stit debt taxes. Introducing
liability dollarization is also critical for demonstragirthat the optimal policy under com-
mitment is time-inconsistent, and hence lacks credibibgcause in the standard model
this issues does not arise. Hence, liability dollarizatiakes credibility problems that
are pervasive in other key areas of economic policy relefnmhacroprudential policy as

well.

An important limitation of our analysis is that it abstratfieom modeling frictions in
financial intermediation. We focused only on the effectsaddility dollarization on domes-
tic non-financial private agents, which had not been stubdefdre, but in an environment
in which risk-neutral banks are nearly frictionless andd/gesimple no-arbitrage condition
for pricing domestic non-state-contingent debt. Furtlesearch should follow the earlier
literature on liability dollarization and emerging marketises to introduce more signif-
icant frictions in financial intermediation, and in parfi@uthe possibility of bankruptcy
and/or non-neutral bank balance sheet effects as a reshié édnd of real-exchange-rate

fluctuations we examined here.
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Appendix A

Appendix to Firm Heterogeneity & the
Transmission of Financial Shocks

During the European Debt Crisis

A.1 Data Appendix

The details of procedure for data cleaning and preparatempesented in this section. |

follow steps similar to those ddopinath et al(2017). For data cleaning the steps are:

(i) Drop firm-year observations that have missing informaton total assets, opera-

tional revenues, sales and employment.

(i) Drop firm-year observations with missing, O or negatwdues for operational rev-

enues and total assets.

(iif) Drop observations with missing industry information
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(iv)

Drop firms who have negative total assets in any year,ibachployment, sales or

tangible fixed assets are negative.

Also, firms from the financial sector and government are dedpfpom the sample

(NACE codes 65, 66, 67, and 75). Variables used in the asag& constructed in the

following way:

()

(ii)

Age: Reporting year minus year of incorporation plus bsé@rvations with negative

values are dropped.

Liabilities: Total shareholders funds and liabilieninus shareholders funds. Ob-
servations with negative values are dropped. Also a camigtcheck is performed:
observations with liabilities different from the sum of pemt and non current liabil-

ities are dropped.

(iif) Capital Stock: tangible fixed assets plus intangibleéi assets. Observations with

(iv)

(V)

negative values of intangible fixed assets are dropped, dsas¢hose with zero
tangible fixed assets, with tangible fixed assets that exoealchssets and cases with

negative depreciations.

Equity: shareholders funds. We drop observations whatio of shareholders funds

and total assets are below percentile 0.1.

Leverage: ratio between liabilities and total assets. dMp observations for which
the leverage ratio is below or above the lowest and highéspéxcentiles, respec-

tively.

(vi) Size: share of firm’s assets over total assets for a gyean.

(vii) Average Effective Interest Rate: Observations witkgative values for the ratio

Interest Pai
“Liabities dare dropped.
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A.1.1 Additional Specifications

This subsection presents robustness checks regardingdedication of the regression
model presented in sectidnl We estimate the regression model using a random effects
specification and also using (pooled) OLS, and contrasethidts with those of the baseline

fixed effects specification.

TablesA.1 andA.2 present the results of the random effects and OLS speciicati
Unlike in the case of the fixed effects specification, the cancffects and OLS specifi-
cations allow for country and industry effects (in additi@mnthe same controls as in the

baseline specification).

We see that the effects of government debt on sales, liakiliand employment and
not substantially different between the fixed effects amtloan effects specifications, but
there is a difference for the case of assets of the firm (tleeedff government debt loses
statistical significance in the random effects specificgtioVhen comparing the results
from the OLS specification with the baseline, we see that élselts are quite different.
The latter is because of the nature of the underlying assangof each specification. The
OLS specification assumes that there is no unobserved feteziy (i.e., the firm-specific
characteristics are uncorrelated with the regressorsgha unlikely in a setting like the

one presented in this pag&r.

Overall, the results show that the random effects spedificatlespite not being pre-
ferred to the fixed effects specification according to thedfi@an test, are not significantly

different from those of the fixed effect model.

48. The F-statistic of the fixed effects specification pregi@ way of jointly testing if all individual firm-
specific effects are 0. The null hypothesis is that firm-djpeeifects are 0. The associated p-values are
0.000 for all the estimated regressions, suggesting tledixbd effect specification should be preferred
to the pooled OLS one.

106



L0T

Table A.1: Panel Regression Results: Additional Speciboat- Sales, Liabilities, Assets, and Employment

Variable Log(Sales) Log(Liabilities) Log(Assets) Log(plyment)
FE RE oLS FE RE oLSs FE RE oLS FE RE oLS
B -0.003 -0.002 -0.002 -0.003 -0.001 -0.000 -0.001 0.000 0®.0 -0.003 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .29a) (0.207) (0.000) (0.000) (0.020)
Q2 0.327 0.254 -0.019 0.718 0.708 0.51 0.519 0.596 0.426 0.161 .0910 0.064
(0.000) (0.000) (0.044) (0.000) (0.000) (0.000) (0.000) .0QD) (0.000) (0.000) (0.000) (0.000)
Q3 0.562 0.448 0.015 1.250 1.14 0.791 0.909 0.987 0.674 0.285 1710. 0.121
(0.000) (0.000) (0.137) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.000) (0.000) (0.000)
Q4 0.754 0.674 0.129 1.712 1.547 1.056 1.237 1.370 0.921 0.368 .2710 0.206
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.000) (0.000) (0.000)
Qs 0.864 0.934 0.408 2.103 2.171 1.59 1.532 1.914 1.384 0.424  4170. 0.352
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .0QO) (0.000) (0.000) (0.000) (0.000)
B x Q2 -0.001 0.000 0.002 -0.001 -0.001 -0.000 -0.000 -0.001 0.000 -0.001 -0.001 -0.000
(0.000) (0.473) (0.000) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.000) (0.000) (0.706)
B x Q3 0.000 0.000 0.002 -0.001 -0.001 -0.000 0.000 -0.001 -0.001 0.001 -0.001 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.474)  .0QD) (0.000) (0.000) (0.000) (0.763)
B x Qg 0.000 0.001 0.001 -0.001 -0.001 -0.000 0.000 -0.001 -0.001 0.001 -0.001 -0.000
(0.036) (0.000) (0.000) (0.000) (0.000) (0.033) (0.000) .0QD) (0.000) (0.000) (0.000) (0.000)
B x Qs 0.002 0.002 0.002 0.000 0.000 -0.000 0.000 -0.000 -0.001 000.0 -0.000 -0.000
(0.000) (0.000) (0.000) (0.054) (0.336) (0.005) (0.000) .0QD) (0.000) (0.367) (0.007) (0.000)
B x Q2 x Sk 0.000 0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 0.0 0.000 0.000 0.000
(0.058) (0.000) (0.000) (0.003) (0.000) (0.000) (0.000) .0QD) (0.000) (0.000) (0.013) (0.074)
B x Q3 x Sk -0.000 0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 004. 0.000 0.000 -0.000
(0.727) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.000) (0.408) (0.573)
B x Q4 x Sk -0.000 0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 004. 0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.000) (0.004) (0.000)
B x Qs x Sk -0.000 -0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 .00@ 0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.013) (0.000) (0.000)
B x Sk 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 00.00 0.000 0.000
(0.000) (0.012) (0.012) (0.000) (0.000) (0.000) (0.000) .0QOD) (0.000) (0.934) (0.000) (0.000)
Year Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fixed Effects Yes No No Yes No No Yes No No Yes No No
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country Effects No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Industry Effects No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Observations 3,195,072 3,195,072 3,195,072 3,308,816 08886 3,308,816 3,313,051 3,313,051 3,313,051 3,119,987119,977 3,119,977
R2 0.58 0.699 0.712 0.736 0.914 0.923 0.911 0.967 0.970 0.585 8816. 0.885

Notes: B denotes the gross public debt-to-output ratjds@ dummy variable that is equal to 1 if the firm belongs toithejuintile of firm size, and Sk is the skewness of the firm

size distribution. Countries include Greece, Irelandy/taortugal and Spain. Clustered standard errors at thediret considered, p-values in parentheses.



Table A.2: Panel Regression Results: Additional Specitioat- Proxy for Average Effec-
tive Interest Rate

Variable Average Effective Interest Ratel00
Fixed Effects Random Effects Pooled OLS
B 0.000 0.000 0.000
(0.000) (0.0412) (0.577)
Q2 -0.011 -0.015 -0.017
(0.000) (0.000) (0.000)
Qs -0.017 -0.022 -0.022
(0.000) (0.000) (0.000)
Qs -0.022 -0.026 -0.026
(0.000) (0.000) (0.000)
Qs -0.027 -0.032 -0.031
(0.000) (0.000) (0.000)
BxQ: -0.006 0.000 0.000
(0.222) (0.000) (0.000)
B x Qs -0.027 0.000 0.000
(0.599) (0.000) (0.000)
B x Qs -0.03 0.000 0.000
(0.972) (0.000) (0.000)
B x Qs -0.043 0.000 0.000
(0.637) (0.000) (0.000)
B x Qo x Sk 0.000 0.000 0.000
(0.007) (0.000) (0.000)
B x Q3 x Sk 0.000 0.000 0.000
(0.000) (0.000) (0.000)
B x Q4 x Sk 0.000 0.000 0.000
(0.000) (0.000) (0.000)
B x Qs x Sk 0.000 0.000 0.000
(0.000) (0.000) (0.000)
B x Sk -0.000 -0.000 -0.000
(0.000) (0.000) (0.000)
Year Effects Yes Yes Yes
Fixed Effects Yes No No
Controls Yes Yes Yes
Country Dummies No Yes Yes
Industry Dummies No Yes Yes
Observations 2,852,913 2,852,913 2,852,913
R? 0.001 0.019 0.020

Notes: B denotes the gross public debt-to-output ratip,isQa
dummy variable that is equal to 1 if the firm belongs toithequin-
tile of firm size, and Sk is the skewness of the firm size distrib
tion. Countries include Greece, Ireland, Italy, Portugad &pain.
Clustered standard errors at the firm level considered,lyesan

parentheses.
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A.2 Computational Appendix

A.2.1 Solution Method

The solution method followKrusell and Smiti{1997) andKrusell and Smit{1998. Un-
like these articles, where the distribution of wealth isragpmated by the average wealth
in the economy, in this paper we assume that the distribatidinms is well approximated
by the cross-sectional variance of capital. The individitates for firms aréz k,b) and

the aggregate states di 02, i1, ).

We conjecture log-linear specifications for variance aredrttarginal utility of the in-

termediaries’ wealth:

logo? = ag + B 10ga?+ yy log(1+B) + 85 log(1+ p) + ko€ (A.1)

log(1+ ') = ay + Buloga? 4y log(1+B) + &y log(1 -+ i) + Kue (A.2)

The steps of the solution algorithm are the following:

1. Start with a guess for the parameters of the forecastileggiuen by the vector
0%5= (ag, Bo, Yo, 90, Ko, Aps By, Yius O, Ku) (A.3)

2. Using the forecasting rules solve the problem of soveresing its budget constraint.

3. Using the forecasting rules and the policy function of sbgereign (which is ob-

tained from solving the budget constraint), solve the pobof the firm. For this:

(a) Guess a value for the value functign
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(b) Using this guess, construct a default indicator and edsgoricing functionq™

for the firm.

(c) UsingV andd, solve the problem of the firm using value function iteratidhe
pricing function is updated after every maximization stegtead of waiting for

convergence oW), which increases the speed of the algorittin.

(d) Using the solution to the firm’s proble¥h, construct an update for the pricing
function, denote ify. Notice that a default decision can be directly computed
from V, soq can be inferred from it and from aggregate laws of motion. If
IV —V||< tol and||q— §||< tol, then proceed to the next step. Otherwise go

back to step (b) and ud&as a guess, construgusing this new guess.

4. Simulate an economy withfirms and the sovereign, far periods. At every period
of the simulation find the value qf that solves the slackness condition of the in-
termediaries’ problem. For this start by assuming that testraint does not bind
(this is,u = 0). If the firm aggregate demand plus the sovereign demardetardo
not exceed the level of wealth of the intermediaries’, thetnus= 0 and proceed to
the next period. Otherwise, perform a bisection algoritbrfirtd the value ofu that

makes the slackness condition to hold.

5. Using the completed sequence of simulated variablestegdeecasting rules and
Find @MY, If ||@9UesS— @"eW||< tol, stop. Otherwise, go back to step 1 and use

O = pOMW (1 — ¢)O9IUeSSas the new guess.

The coefficients obtained are presented in Tabge

49. Solutions of the model under this approach and one wherpricing function is updated after conver-
gence ol are the same.
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Table A.3: Regression Results

Coefficient o2 u

lo¢ -0.245 -0.570
(0.040) (0.022)

Bi 0.801 0.243
(0.022) (0.012)

v -0.037 0.091
(0.011) (0.006)

o) 0.311 -5.629
(0.752) (0.826)

Ki 0.000 0.004
(0.002) (0.001)

R? 0.967 0.912

Note: Standard errors in parentheses.

A.2.2 Construction of Impulse Response Functions

1. Simulate two economies with the same sequence of cratisisa idiosyncratic pro-
ductivity for firms (N firms) until a datd, with government debt fixed at its long run

average.

2. In periodf, there is an increase in sovereign debt. >t§t’ettlenote the value of variable
x for firm i in periodt in an economy with no aggregate shock, aqh(ﬂhe equivalent
but in the economy with the aggregate shock. Define the inep@lsponse of firm

1 0
i in periodt asxX; = "5 x 100. The response of the economy will be given by

it
% = SN% /N,

3. In order to mitigate potential history dependence, perfthis procedure until there
areM sequences of responses. The impulse response functiom av¢nage of the

M sequences.
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Appendix B

Appendix to Positive and Normative
Implications of Liability Dollarization
for Sudden Stops Models of

Macroprudential Policy

B.1 Properties of the BE*S-PCurve

The BB®SPcurve determines the value pt that corresponds to a value of such that
both the resource and the collateral constraint hold witlaty (see equatior?2(13 in the
text). Formally, the BBS'Pcurves is given by the following function:

T (14K - ()
pN(cT) = el

We omit time subscripts for simplicity, but noti&& corresponds to the outstanding debt at

the beginning of the period. Given the parametric restitionc’, k, y, yN andb®, the
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fact thatp®(c") is continuous implies that the BB-Pcurve is continuous.

The horizontal intercept of the BIS'P curve is found by evaluating the above ex-
pression whemp = 0. Using equationZ.3) to determine the consumption price index
whenpN = 0, it follows that the intercept is the value of tradablesstumption such that
T = (L+K)y + wibs.

To obtain the slope of the BBPcurve, we take the first derivative of the above ex-

apc

pression, which yieldgg—N = Pﬁb . The sign of the slope depends on the signg%?f

andb®. Using equationd.3), it follows that because of the CES structure of preference
C 1

3—5— = (1+ )2 [w+ (1— w)(c")]7 (c)1-1 > 0. Moreover, since we are interested

in economies with debthf < 0), it follows that% > 0. Hence, the BBSP curve is

increasing irc’

To determine whether the BBP curve is concave or convex, we analyze its second

derivative, which is the following:

3%p° ¢
aZpN B 0CT2b
acT? KyN

The sign of this derivative is the same as the sign of the skderivative ofp® with respect

to c’. This derivative can be expressed as:

21C _ 1
e CR R DGO

l1-w
w+ (1—w)(c)

S -1

All the terms in the right-hand-side of this expression arsifive, except for the last term

in square brackets, which has an ambiguous sign. Hencejgheotthis derivative is

determined by the sign of the ter +(1{*w‘3’(c o+ (n—121)(ct)~"|. We can characterize
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the conditions determining the sign of this term by first r&@dg it to this expression:

1 n—-1
@t N

where we used the definitiah = w/(1— w). Analyzing this expression, it follows that:

W
@+ (cT)n

ANV

[ L +'7_1]§o & N (B.2)

@+ (ch)n
Notice the expression in the right-hand-side of the lagjuadity is always a positive frac-
tion, but its magnitude varies witt' , w andn, which is what makes the direction of the
inequality ambiguous. Still, given that > —1 from the CES functional form, and that

¢’ > 0and 0< w < 1, we can establish the following three results:

1. The ¥ and BEPSPfunctions are strictly concave when the elasticity of sitilsn

betwen tradables and nontradables is greater or equal:tdfl-1 < n <0 (i.e.

1/(14n) > 1) thenn < m, and hence{wHCT) + (’Z{),ﬁ < 0 and thus botlp®

andBB®StPare strictly concave, for any positivé, w.

2. The ¥ and BBSLP functions are strictly convex when the elasticity of substi

tion betwen tradables and nontradables is less or equal thé@n If n > 1 (i.e.

1/(1+n) < 1/2) thenn > E‘é 7+ and henc<a[d)+(1CT),7 + (’Z{),ﬁ > 0 and bothp®

andBB®StPare strictly convex, for any positive , cw.

3. The ¥ and BE*SLP functions are concave (convex) for sufficiently low (high) c

when the elasticity of substitution is between 1/2 and @ < n < 1 (so that ¥2 <

1/(1+4n) < 1), the sign of[w+(CT) + (’Z{),ﬁ changes from negative to positive as
c' rises. Aroundc’ = 0 we obtainn < —(T)— =1 and axc’ mcreases—(r)—

falls. Hence, neat’ = 0 the derivatives are negative and the curves are concave. By
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continuity, for sufficiently loncT the curves are concave, and for sufficiently high

the curves turn convex.

Bianchi (2011) notes that estimates of the elasticity ofssitition in tradables and
nontradables consumption for emerging markets are in4h&8] interval. Hence, most of
this range falls in the region where the third result abovydiap. Quantitatively, however,
in our baseline calibration for the perfect-foresight expents taken from Bianchi’s work
(which uses) = 0.205, 1/(1+ n) = 0.83) and for other exercises using reasonable values
of b¢ andy" and any 0< n < 1, we found that BBS'Pis either convex or nearly linear,
except for a slightly concave segment for very lolv In all of these experiments, the
concavity is visible only forc” < 0.05 compared with a perfect-foresight unconstrained
equilibrium of ¢ = 0.92 using our baseline calibration, or a Sudden Stop outcdme o
¢’ = 0.83 for a wealth-neutral negative shock of nearly 20 percemhfan initial income
of yT = 1. Hence, assuming convex or nearly linear8E’ curves when the elasticity of

substitutions is less than unitary is innocuous.
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