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Abstract

We examine the consequences of a sudden increase in household debt burdens by exploiƟng variaƟon in exposure to household
foreign currency debt during Hungary’s late-2008 currency crisis. The revaluaƟon of debt burdens leads to higher default rates
and a collapse in spending. These responses lead to a worse local recession, driven by employment losses at non-exporƟng
firms, andnegaƟve spillover effects onnearby borrowerswithout foreign currency debt. The esƟmates translate into amulƟplier
on higher debt service of 1.67. The impact of debt revaluaƟon is parƟcularly severe when foreign currency debt is concentrated
on household, rather than firm, balance sheets.

JEL: E2, E3, G2, F3, D12.

Keywords: household debt, foreign currency debt, currency crisis, financial crisis, business cycles.

Összefoglaló

A tanulmány a lakossági eladósodoƩság váratlan növekedésének hatásait vizsgálja, a 2008-at követő magyar lakossági devizahi-
tel válságot értékelve. Az árfolyam leértékelődése miaƫ adósság átértékelődés magasabb nemteljesítési arányt és alacsonyabb
fogyasztást eredményez. Ezek mélyebb helyi recesszióhoz vezetnek, amit a nem exportáló vállalatok visszaeső foglalkoztatoƩsá-
ga okoz. Az adósság átértékelődés a helyi, nem devizában eladósodoƩ hitelesekre is hatással van. Ezek az eredmények 1,67-es
adósságszolgálat mulƟplikátort jelentenek. Az adósság átértékelődésnek a hatása különösen negaơv, ha a devizaadósság a
háztartásoknál és nem pedig a vállalaƟ szektornál van.
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1 IntroducƟon

Rapid credit expansions are oŌen followed by severe economic downturns.¹ One explanaƟon for this paƩern is that a high
burden of debt itself acts as a contracƟonary channel. The contracƟonary effects of debt can be especially severe when debt
is denominated in foreign currency, as a depreciaƟon against the funding currency leads to debt revaluaƟon that can impair
private sector balance sheets. While foreign currency financing by firms has received considerable aƩenƟon, households oŌen
also borrow in foreign currency. A prominent recent case is the rapid growth in foreign currency household credit throughout
emerging Europe in the 2000s, which was followed by large debt revaluaƟons and severe household financial distress during
the 2008 financial crisis. These dynamics raise several quesƟons: What role does household foreign currency debt revaluaƟon
play in exacerbaƟng economic crises? How does an economy adjust to a sudden increase in household debt burdens? And
does it maƩer whether it is households or firms who borrow in foreign currency?

In this paper, we examine how a revaluaƟon of household foreign currency debt affects the real economy in a currency crisis.
Focusing on the case of Hungary, we exploit individual and spaƟal variaƟon in households’ exposure to foreign currency debt
during the sharp depreciaƟon of the Hungarian forint starƟng in late-2008. We provide three main results on the effects of
household debt revaluaƟon. First, the household debt revaluaƟon causes a significant increase in household financial distress
and a worse local recession, driven by a decline in local demand. Second, the debt revaluaƟon has negaƟve spillovers on nearby
households, including households without foreign currency debt. Third, the contracƟonary effects of debt revaluaƟon on the
local economy are more severe when foreign currency debt is concentrated in the household sector, rather than the corporate
sector.

Hungary provides an ideal seƫng to study the consequences of household foreign currency debt revaluaƟon for two reasons.
First, in 2008, 69 percent of household debt was denominated in foreign currency, primarily Swiss franc. Second, Hungary
experienced a sharp depreciaƟon of over 30 percent in late 2008. The depreciaƟon was largely unexpected and was driven
by factors unrelated to the household sector in Hungary, including a strong appreciaƟon of the Swiss franc. This combinaƟon
led to a sudden increase in household debt to GDP of over 6 percentage points. While we focus on Hungary, foreign currency
retail lending, especially to households, was widespread throughout emerging Europe in the 2000s, leading to “unprecedented”
levels of currency mismatch (Ranciere et al. (2010)).

We use administraƟve household credit registry data from Hungary to construct a new dataset on household debt and default
at the individual and regional level. We match these household credit data at the regional level with measures of household
spending, unemployment, and house prices. Moreover, we combine these data with firm-level census and credit registry data
that include informaƟon on employment, investment, banking relaƟonships, export status, payrolls, and firm debt by currency.
Our data, therefore, provide a complete picture of private non-financial foreign currency borrowing. This allows us to compare
the determinants and consequences of household and firm foreign currency financing.

Our empirical approach exploits variaƟon in exposure to foreign currency debt across individuals and regions around the large
depreciaƟon of the Hungarian forint. VariaƟon is primarily driven by the Ɵming of borrowing due to changes in the availability
of government-subsidized local currency loans. Areas with a greater iniƟal depth of domesƟc banks experienced more domesƟc
currency lending at first. AŌer the subsidy was curtailed, foreign banks, the main foreign currency lenders, greatly expanded
their branch network. This led to a catch up in indebtedness and higher foreign currency debt exposure in iniƟally underserved
regions.

At the individual level, various survey datasets reveal that foreign and local currency borrowers are broadly similar on observable
dimensions, with foreign currency borrowers having slightly higher income and educaƟon. At the regional level, areas with a
higher share of household debt in foreign currency have similar debt-to-income, loan-to-value raƟos, export intensity, and
corporate foreign currency debt. However, these regions have lower populaƟon, income, and educaƟon, as well as higher

¹ Several studies using country or region-level data show that rapid expansions in debt, especially household debt, predict financial crises and more
severe subsequent economic downturns (e.g., King (1994),, Jordà et al. (2014), Mian et al. (2017)).
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INTRODUCTION

pre-crisis default rates. These paƩerns suggest that foreign banks lending in foreign currency entered lower income areas
previously underserved by domesƟc banks. In our empirical analysis, we explicitly account for these differences in observable
characterisƟcs.

We first show that household debt revaluaƟon leads to a strong increase in household defaults and a decline in durable spend-
ing. Using data across 2538 local areas (municipaliƟes), we find that a one percentage point increase in debt-to-income induced
by the debt revaluaƟon leads to a 0.15 percentage point increase in default rates and a 1.4 percent decline in auto spending.
Household foreign currency debt explains 71 percent of the rise in overall default rates, abstracƟng from aggregate equilibrium
effects. The strong default and consumpƟon response to debt revaluaƟon is consistent with models with incomplete markets
where households have unhedged foreign currency debt posiƟons.

Next, we invesƟgate how the household debt revaluaƟon affects local labormarkets. Standard theoreƟcalmodels have different
predicƟons about how a debt revaluaƟon affects real acƟvity. In neoclassical open economy models with flexible prices, debt
revaluaƟon lowers consumpƟon, but increases employment and output, as households boost labor supply. In contrast, with
fricƟons such as nominal rigidiƟes, the debt-induceddecline in consumpƟon translates into a decline in employment andoutput.

In the data, regions with greater exposure to household foreign currency debt experience a significant and persistent rise in
unemployment aŌer the depreciaƟon. A region where all debt is in foreign currency experiences a 1.65 percentage point rise
in unemployment, relaƟve to a region with only domesƟc currency debt. ExploiƟng firm-level census data, we show that the
rise in unemployment is driven by employment losses at non-exporƟng firms and firms in the non-tradable sector. By contrast,
exporƟng firms are unaffected. The rise in unemployment is consistent with the importance of local household demand effects
on real acƟvity. In terms of magnitudes, the esƟmates imply that a $29,000 (2008 PPP) increase in debt service destroys one
job-year. This “debt service-per-job” esƟmate translates into an esƟmated peak output mulƟplier of 1.67 two years aŌer the
iniƟal depreciaƟon.

Why does the household debt revaluaƟon lead to persistently higher local unemployment? We find evidence of limited adjust-
ment through wage declines, migraƟon, or reallocaƟon to exporƟng firms, consistent with models containing fricƟons such as
nominal and real rigidiƟes. In addiƟon, regions with more exposure to household foreign currency debt experience a persistent
relaƟve decline in house prices aŌer the depreciaƟon. The amplificaƟon through house price declines is broadly consistent with
recent models of pecuniary externaliƟes from collateralized foreign currency borrowing (e.g., Mendoza (2010), Bianchi (2011),
Korinek (2011)).

The rise in unemployment and decline in house prices likely affects all households in a local economy, including those that
did not borrow in foreign currency. The shock may thus propagate across households. We find direct evidence that foreign
currency debt has negaƟve spillover effects on other borrowers using loan-level data. A borrower living in regions where other
households borrowed heavily in foreign currency is more likely to default, condiƟonal on the borrower’s own foreign currency
debt posiƟon. The spillovers even affect borrowers with only domesƟc currency debt. The negaƟve spillover effect is consistent
with theories where debt has negaƟve demand and pecuniary externaliƟes (e.g., Farhi and Werning (2016), Korinek and Simsek
(2016)).

In the final part of the paper, we compare the consequences of household foreign currency debt and a tradiƟonal channel
of emerging market crises: firm foreign currency indebtedness. In contrast to households, in this seƫng, firms with foreign
currency debt are strongly posiƟvely selected. Firms with foreign currency debt are larger, more producƟve, faster growing,
and more likely to be exporters. Moreover, firm foreign currency debt is primarily denominated in euro, the main invoicing
currency for exports. AŌer the depreciaƟon, firms with foreign currency exposure cut back sharply on investment. But these
firms see stronger sales and employment growth during the crisis, as they use foreign currency financing to grow more quickly
(Salomao and Varela (2016)). As a result, the impact of debt revaluaƟon on the local economy is parƟcularly severe when
foreign currency debt is concentrated in the household sector.

This paper contributes to the internaƟonal finance literature on foreign currency debt and currency crises. This literature has
focused on firm, bank, and government foreign currency indebtedness.² To our knowledge, our paper is the first to analyze the
effects of household foreign currency debt, despite the prevalence of household foreign currency debt throughout emerging

² Eichengreen and Hausman (2005) provide an overview of foreign currency financing in emerging markets. A number of studies analyze the causes
and consequences of firm foreign currency exposures in emerging market crises (e.g. Krugman (1999), Caballero and Krishnamurthy (2003)). Some
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Europe in the 2000s and several previous crises. In addiƟon, whereas the previous literature has documented a foreign currency
balance-sheet effect at the firm level, we show that household foreign currency exposure has local aggregate effects, including
negaƟve spillover effects on other borrowers. We thus also provide empirical evidence on the classic Transfer Problem, which
asks how the economy adjusts to an increase in external debt burdens (Keynes (1929)).

This paper also contributes to a growing literature on household leverage and business cycles. A long tradiƟon in macroe-
conomics, going back to Fisher (1933)’s “debt-deflaƟon” hypothesis, emphasizes that a combinaƟon of high household debt,
deleveraging, and asset price declines can exacerbate output declines in a recession.³ To examine the role of debt, the exisƟng
literature has primarily focused on the consequences of expansions in household debt prior to crises.⁴ However, expansions in
household debt are oŌen part of a broader cycle in real acƟvity and financial condiƟons, which makes it difficult to disentangle
whether and why higher debt itself causes more severe recessions. We contribute to this literature by tracing the effect of a
shock directly to household debt, which allows us to esƟmate the direct effects of higher household debt, holding fixed other
cyclical factors, capturing what Auclert (2016) refers to as the “Fisher channel” of nominal debt revaluaƟon.

Our analysis, therefore, also connects with recent studies showing that borrowers who experience debt payment reducƟons
have a lower probability of default and use addiƟonal funds to increase spending on durables (e.g., Agarwal et al. (2016), Di
Maggio et al. (2017), Ganong and Noel (2019)). RelaƟve to these studies, we examine a large shock to debt, with variaƟon across
individuals and regions. This allows us to focus on local equilibrium effects, esƟmate a mulƟplier on higher debt service, and
show that foreign currency financing has negaƟve spillover effects. Auclert et al. (2019) also explore local aggregate implicaƟons
of debt and find that U.S. states with more generous bankruptcy exempƟons experienced smaller declines in employment in
the Great Recession.

The remainder of the paper is structured as follows. SecƟon 2 discusses the background on the foreign currency debt crisis in
Hungary. SecƟon 3 describes the data. SecƟon 4 discusses the theoreƟcal framework and empirical methodology. SecƟon 5
presents the main results and a host of robustness checks. SecƟons 6 and 7 provide evidence on the mechanisms and spillover
effects of FC debt. SecƟon 8 compares the impact of household and firm foreign currency exposures, and secƟon 9 concludes.

firm-level studies find that firm foreign currency debt depresses investment and leads to higher firm exit rates (e.g., Aguiar (2005), Kim et al. (2015),
Du and Schreger (2015)), but other studies suggest that many firms with FC debt are posiƟvely selected and oŌen naturally hedged (e.g., Bleakley and
Cowan (2008)). Cross-country studies find that the country-level FC debt exposure increases the probability and severity of a sudden stop crisis (e.g.,
Calvo et al. (2008)), but the use of aggregate data makes it difficult to disentangle the role of household, firm, and bank balance sheet effects, as well
as other country-level shocks and policy responses.

³ See, for example, Mishkin (1978), King (1994), Iacoviello (2005), Mian et al. (2013), Eggertsson and Krugman (2012), Korinek and Simsek (2016), and
Guerrieri and Lorenzoni (2017).

⁴ Relevant studies include Schularick and Taylor (2012), Dynan (2012),, Jordà et al. (2014), Mian et al. (2017), Di Maggio and Kermani (2017), and Mian
et al. (2019).
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2 The Hungarian Foreign Currency
Debt Crisis

Foreign currency (FC) retail lending was widespread throughout Europe prior to the 2008 financial crisis, especially in new EU
member states.⁵ Hungary experienced a parƟcularly rapid expansion in household credit in both domesƟc and foreign currency.
Figure 1 shows that between 2000 and 2008 household debt to GDP increased by 28 percentage points. The expansion was
financed mainly by two categories of loans: government-subsidized local currency (LC) housing loans and unsubsidized foreign
currency (FC) loans. In September 2008, 69 percent of outstanding housing debt was denominated in foreign currency, primarily
Swiss franc. This directly exposed household balance sheets to the large depreciaƟon of the Hungarian forint in the Global
Financial Crisis.

Figure 1
Household Debt RevaluaƟon
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Notes: This figure shows the expansion in total household debt-to-GDP by currency and the revaluaƟon of foreign currency debt induced by the
depreciaƟon of the Hungarian forint.

Household lending in Hungary was iniƟally spurred by a government housing program that provided interest rate subsidies
on LC mortgages. The subsidy was introduced in 2000 and fixed nominal interest rates for borrowers at levels similar to euro
interest rates (4 to 6 percent).⁶ Subsidized LC lending was driven primarily by domesƟc mortgage banks, as these banks had

⁵ For example, during the 2000s, a large proporƟon of housing and consumpƟon loans were denominated in FC in the following countries: Austria,
Iceland, Estonia, Latvia, Lithuania, Poland, Hungary, Slovenia, CroaƟa, Serbia, Bosnia and Herzegovina, Bulgaria, Romania, and Ukraine. Household
lending in Swiss franc and yen was also common in Denmark, Greece, Spain, and the UK. Household foreign currency debt also played a role in
previous currency crises in both advanced and emerging markets. In Australia during the first half of the 1980s, a substanƟal amount of bank lending to
consumers and farmers was denominated in Swiss franc and Japanese yen, leading towidespread defaults and bankruptcies following the depreciaƟon
of the Australian dollar starƟng in 1986. As another example, prior to ArgenƟna’s crisis and devaluaƟon in 2002, 80 percent of mortgages were
denominated in U.S. dollars (IMF (2003)).
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a tax advantage in originaƟng subsidized loans (Rózsavölgyi and Kovács (2005)). Since average retail banking density following
the transiƟon from communism was low, subsidized LC housing credit growth was strongest in regions with a higher historical
density of domesƟc mortgage banks.

The domesƟc currency mortgage subsidy program placed a significant burden on public finances, and subsidies on new loans
were unexpectedly cut back in early 2004. The increased cost of LC loans led foreign banks to enter the retail lending market
and compete with domesƟc banks by offering low-interest-rate FC housing loans. Figure 1 shows that the FC credit expansion
began in the middle of 2004. Foreign banks compeƟng for market share expanded FC credit aggressively, especially to areas
with lower subsidized debt (Banai et al. (2011)). Interest rates on Swiss franc and euro loans averaged 4 to 6 percent, which
implied savings of about 5 percentage points relaƟve to domesƟc currency loans at market rates, holding the exchange rate
constant. The increased foreign currency debt exposure was almost enƟrely unhedged, as households income and assets in
foreign currency were negligible (Backé et al. (2007)).

The foreign currency credit expansion occurred during a stable exchange rate environment. Figure 2 shows that the forint
exchange rate remained stable against the euro and Swiss franc up to October 2008. Up unƟl February 2008, the NaƟonal Bank
of Hungary (MNB) maintained a crawling band with respect to the euro. Meanwhile, the Swiss franc was quasi-fixed against the
euro.⁷ This stability led market parƟcipants to believe that a large depreciaƟon was unlikely. In a survey from November 2008,
Pellényi and Bilek (2009) find that 87 percent of respondents with an FC loan did not expect exchange rate volaƟlity at the late
2008 level. Appendix Figure 10 shows that Consensus Forecast also predicted a stable forint-euro exchange rate in mid-2008.
Further, Hungary joined the EU in May 2004 and iniƟally targeted adopƟng the euro in 2007. Survey evidence shows that the
expectaƟon of adopƟng the euro also boosted FC loan demand (Fidrmuc et al. (2013)).

Figure 2
Exchange Rate Dynamics
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Notes: This figure shows the evoluƟon of the forint-euro and forint-Swiss franc exchange rates. The de facto ±5 percent crawling band target
maintained unƟl February 2008 was followed by a series of depreciaƟons starƟng in October 2008. The verƟcal dashed line represents September
2008, the month prior to the forint depreciaƟon.

Following a decade of exchange rate stability, the forint depreciated by 27.5 percent against the euro and 32.3 percent against
the Swiss franc between September 2008 and March 2009. The iniƟal depreciaƟon was caused by the general flight to safety
away from emerging markets and was exacerbated by investor concerns about the Hungarian government’s large external
financing needs.⁸ The forint weakened further against the Swiss franc in 2010 and 2011, as the Swiss franc appreciated during

⁶ Unsubsidized local currency loans with market interest rates comprised 7 percent of local currency housing loans in September 2008. The typical
subsidized mortgage loan had a 15- to 20-year maturity with a fixed rate for the first five years and capped interest rates paid by households at 6
percent. This placed all interest rate risk on the government budget. See Vas and Kiss (2003) for an overview of housing finance policies in Hungary.

⁷ Ilzetzki et al. (2019) classify the forint regime as a de facto ±5 percent band around the euro and the Swiss franc regime a ±2 percent band around
the euro.
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the Eurozone crisis. From the perspecƟve of this study, the depreciaƟon provides a promising shock, as it was not caused
by distress in household credit markets. This allays concerns of reverse causality from household distress to exchange rate
depreciaƟon.

Figure 1 compares the value of aggregate household debt at market exchange rates relaƟve to a counterfactual where the
exchange rate had remained at its September 2008 value. The large depreciaƟon revalued household debt burdens by 6 percent
of GDP by mid-2010.⁹ The impact of the depreciaƟon on debt service was reinforced by interest rates increases on variable
rate unsubsidized loans (Szigel (2012)). Interest rate increases primarily affected foreign currency loans, as interest rates on
subsidized domesƟc currency mortgages were capped. Interest rate increases have an analogous effect on debt service as an
addiƟonal depreciaƟon, and rising interest rates account for approximately 25 percent of the increase in debt service payments
in the crisis.¹⁰ For example, from September 2008 to the end of 2011, debt service for the average FC housing loan rose by 77
percent, with 58 percentage points of the increase being driven by the exchange rate depreciaƟon and the remainder by higher
interest rates.

The depreciaƟon was associated with a current account reversal and a severe recession, marked by an especially sharp fall in
consumpƟon. Appendix Figure 11 presents the dynamics of other key aggregate variables. It shows that private consumpƟon
fell more than output and had yet to recover to its pre-crisis level by early 2015.

⁸ Hungary received a $25 billion IMF loan to meet the government’s external financing gap in late October 2008.

⁹ StarƟng in the second half of 2011, the newly elected government implemented a variety of policies to alleviate the sharp rise in monthly installments.
These efforts culminated in the conversion of the enƟre stock of foreign currency housing loans into domesƟc currency in November 2014. Our analysis
focuses primarily on the period between 2008 and 2012, prior to when these policies were implemented.

¹⁰ Variable rate loans originated by banks operaƟng in Hungary generally did not specify an underlying benchmark and spread. This allowed banks to
unilaterally increase interest rates relaƟve to Swiss franc benchmark rates during the crisis. In 2014, the Hungarian Supreme Court (Curia) ruled that
this pracƟce was unlawful and required banks to provide compensaƟon for borrowers in early 2015.
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3 Data and Summary StaƟsƟcs

We construct a new dataset at the regional level with informaƟon on household debt by currency and loan type, default,
spending, unemployment rate, house prices, wages, and demographic variables. The primary level of aggregaƟon in our data is
a seƩlement (municipality). From the 3,152 seƩlements in Hungary, we construct a balanced panel covering 2538 seƩlements
for which our main outcome and control variables are non-missing. The average populaƟon in our sample of seƩlements is
3,890 in 2007, and the sample covers 98.2 percent of the total populaƟon. We match this regional dataset with firm-level
census data on employment, exports, balance-sheet informaƟon, and bank credit. For the analysis of individual defaults and
local spillovers in secƟon 7, we also use the underlying loan and individual-level credit registry data. This secƟon summarizes
the key features of the data. Appendix 11 provides further details on the data sources and variable definiƟons.

3.1 HOUSEHOLD CREDIT REGISTRY

The Hungarian Household Central Credit InformaƟon System (Household Credit Registry) contains all loans extended by all
credit insƟtuƟons to individuals outstanding on or aŌer April 2012. The credit registry records informaƟon on the loan type,
loan amount, date of originaƟon, maturity, monthly payments, default status, and currency.¹¹ The household credit registry
also reports the borrower’s seƩlement of residence. The credit registry, however, does not report loan-to-value (LTV) raƟos,
so we esƟmate seƩlement LTV raƟos combining credit registry informaƟon on lending by bank with bank-currency-year level
informaƟon on the LTV distribuƟon of new originaƟons (see Appendix 11.1.6).

In order to measure a seƩlement’s FC debt exposure prior to the 2008 forint depreciaƟon, we reconsƟtute the credit registry
back to 2000. Specifically, we use an annuity model and detailed interest rate data to esƟmate monthly payments and out-
standing debt prior to 2012 for all loans in the credit registry. We then rescale local debt measures to match the aggregate
Financial Accounts by currency. The unscaled credit registry accounts for 80.5 percent of aggregate housing debt in the Finan-
cial Accounts in September 2008. In Appendix 11 we also show that the annuity model also performs well at the loan level.

Loans that are terminated (repaid or refinanced) before 2012 but were outstanding in September 2008 present a potenƟal
measurement error problem for the esƟmaƟon of a seƩlement’s FC debt exposure. This primarily affects foreign currency loans,
as, in the fall of 2011, the Hungarian government implemented an Early Repayment Program (ERP) that reƟred 21 percent of
outstanding foreign currency debt. AccounƟng for the ERP raises the coverage of the credit registry in 2008 from 80.5 percent
to 96 percent of aggregate housing debt.

In Appendix 11, we show that the main results in this paper are robust to three separate adjustments that proxy for debt prepaid
in the ERP. The first adjustment uses a separate dataset on the universe of loans for three anonymous large banks in Hungary
with a market share of 24 percent to approximate the amount of debt repaid through the 2011 ERP in each seƩlement. The
second approach imputes the amount of debt prepaid in a seƩlement with the amount of new domesƟc currency borrowing
(refinancing) during the window when the ERP was in operaƟon. The third approach allocates debt prepaid per capita across
seƩlements based on an assumed elasƟcity with respect to income or educaƟon. We experiment with a range of elasƟciƟes
and find that the results are quanƟtaƟvely similar for reasonable parameters.

Finally, in Appendix 11, we show that the aggregate default rate for loans in the credit registry closely matches the default rate
reported separately from bank balance sheets before and during the crisis (see Appendix secƟon 11.1.3). This suggests that the
credit registry accurately captures the increase in credit risk during the crisis, even though some loans are missing.

¹¹ The household credit registry was preceded by a negaƟve registry that contained informaƟon on default. Prior to 2010, the negaƟve registry contains
informaƟon on the most recent default. This allows us to extend default status back to 2006. SecƟon 11.1.3 in the Online Appendix provides more
detail on the default measure.
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3.2 SETTLEMENT AND FIRM-LEVEL DATA

The main seƩlement-level variables are from the Hungarian Central StaƟsƟcs Office (KSH). We proxy for seƩlement household
durable spending using new auto registraƟons. KSH also provides seƩlement-level informaƟon on the unemployment rate
(number of unemployed relaƟve to working-age populaƟon), household income, tax payments, populaƟon, and net migraƟon.
SeƩlement level educaƟon shares are obtained from the 2011 census. We esƟmate seƩlement-level nominal hourly wages from
the Structure of Earnings Survey, an annual survey of about 150-200 thousand workers, adjusƟng for composiƟonal changes in
the workforce following the procedure outlined in Beraja et al. (2016). We also use subregional (NUTS-4) house price indexes
esƟmated from the NaƟonal Bank of Hungary’s home purchase transacƟons database.

Firm-level data are from corporate tax filings to the Hungarian Tax Authority (NAV) and include employment, payroll, export
sales, and investment at the firm level for all double-bookkeeping firms in Hungary. The median firm has one establishment
(including the headquarters), and, on average, a firm has establishments in 1.66 seƩlements. We therefore define a firm’s
exposure to local household FC debt by the seƩlement of the headquarters.¹² We construct a balanced panel and exclude firms
with fewer than 3 employees and firms in the finance, real estate, public administraƟon, educaƟon, and health and social work
sectors. This yields a panel of 66,267 firms that we follow through the crisis from 2006 to 2012. Finally, we obtain firm debt by
currency and firm default by matching loan-level data from the Hungarian Firm Credit Registry.

3.3 SUMMARY STATISTICS

Panels A and B of Table 1 report summary staƟsƟcs for the seƩlement-level sample. The household FC debt share in September
2008, sFCz08, has a mean of 66 percent and a standard deviaƟon of 8 percentage points. The household default rate rose by 3.9
percentage points between 2008 and 2010, and the unemployment rate increased by 2.1 percentage points. Auto spending
fell by 70 percent (1.2 log points) on average, while house prices declined 7 percent. Panel C reports summary staƟsƟcs for our
sample of firms. Average employment growth from 2008 to 2010 was -6 percent. The average firm FC debt share is 11 percent,
and 18 percent of firms have FC debt. One-fiŌh of firms are exporters and 18 percent are in the manufacturing sector.

¹² Results are similar if we only use single-establishment firms or if we take the establishment weighted average of household FC debt exposure.
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Table 1
Summary StaƟsƟcs

A: Foreign Currency Exposure N Mean Std. dev. 10th 90th

HH FC debt share, sFCz08 2538 0.66 0.08 0.56 0.77

HH debt revaluaƟon, 2008-10, ୼෥dz 2538 22.15 2.20 19.64 24.97

HH debt to inc. revaluaƟon, 2008-10, ୼෦dIncz 2538 16.20 4.23 11.28 22.06

FracƟon of housing loans in FC, 2008:9 2538 0.64 0.08 0.56 0.75

B: SeƩlement-Level Variables

Default rate change, 2008-10 2538 3.85 2.09 2.32 5.89

Log new auto registraƟon change, 2008-10 2538 -120.93 44.09 -177.07 -83.30

Unemployment rate change, 2008-10 2538 2.08 1.39 0.87 3.51

House price growth , 2008-10 2538 -6.82 18.45 -23.60 9.85

Debt to disp. income, 2008 2538 0.67 0.22 0.45 0.89

Disp. income per capita, 1000 HUF, 2007 2538 842.57 212.79 544.25 1,103.61

VocaƟonal share 2538 0.20 0.05 0.12 0.26

High school share 2538 0.28 0.07 0.18 0.35

College share 2538 0.16 0.08 0.05 0.29

Share of populaƟon age 18-59, 2007 2538 0.61 0.03 0.59 0.64

Share of populaƟon age 60+, 2007 2538 0.22 0.03 0.17 0.25

Unemployment rate, 2007 2538 6.24 4.67 2.12 12.36

Housing loan default rate, 2008:9 2538 0.92 1.15 0.00 1.87

House price growth, 2003-07 2538 25.55 16.00 7.23 48.55

LTV 2538 0.62 0.03 0.58 0.65

Change in LTV, 2004-05 to 2007-08 2538 0.07 0.05 0.01 0.11

Firm default rate, 2008:Q3 2538 5.98 5.81 0.00 10.00

C: Firm-Level Variables

Employment growth, 08-10 66267 -6.04 45.31 -66.67 40.00

Corporate FC debt share, 2007 66267 0.11 0.28 0.00 0.53

Firm has posiƟve FC debt 66267 0.18 0.38 0.00 1.00

Export share of sales, 2007 66267 0.05 0.18 0.00 0.09

Exporter 66267 0.20 0.40 0.00 1.00

Manufacturing 66267 0.18 0.38 0.00 1.00

State owned 66267 0.00 0.06 0.00 0.00

Foreign owned 66267 0.07 0.25 0.00 0.00

Notes: Panels A and B report summary staƟsƟcs for seƩlement (municipality) level variables. ObservaƟons are weighted by 2007 populaƟon. Panel
C presents summary staƟsƟcs for the firm-level census sample.
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4 Theory and Empirical Framework

4.1 THEORETICAL PREDICTIONS

We are interested in how a revaluaƟon of household foreign currency debt affects household spending and real economic
acƟvity. In line with our empirical seƫng, our discussion here will focus on a permanent increase in the value of long-term
household debt obligaƟons owed to foreign creditors.

4.1.1 CONSUMPTION RESPONSE TO A HOUSEHOLD DEBT REVALUATION

In the benchmark case of an open economy model with complete markets, the currency composiƟon of debt does not affect
household consumpƟon or aggregate acƟvity. In the classic model of Backus and Smith (1993), consumpƟon is pinned down
by an internaƟonal risk sharing condiƟon, which implies that consumpƟon increases with a real exchange rate depreciaƟon.
Even without complete markets, households may be naturally hedged against an exchange rate depreciaƟon through tradable
income or wealth. Households may select into borrowing in foreign currency based on their foreign currency asset posiƟons.
Therefore, a necessary condiƟon for a foreign currency debt revaluaƟon to affect the real economy is for households to have
unhedged exposure to FC debt.

An unhedged, permanent revaluaƟonof long-term foreign currency debt burdens leads to an increase in present and future debt
service obligaƟons. This represents a decline in wealth for borrowers and the economy as a whole, depressing consumpƟon.
The strength of the consumpƟon decline varies with the importance of precauƟonary savings moƟves or liquidity constraints
and the remaining maturity of the debt obligaƟon.

It is useful to first consider the consumpƟon response in two polar cases: a permanent income (PI) consumer and a hand-to-
mouth (HtM) consumer. For a PI consumer, the parƟal equilibrium consumpƟon decline to the debt revaluaƟon is the annuity
value of the increase in debt, r୼d (e.g, Hall (1978)). Here, ୼d is the increase in debt and r in the interest rate faced by the
consumer (see Appendix 12 for details). In contrast, for an HtM consumer, an extreme example of liquidity constraints, con-
sumpƟon declines one-for-one with the increase in per period debt service.

When debt obligaƟons are short-term, the consumpƟon response is substanƟally larger for an HtM agent. For example, if the
debt is one period, the HtM consumer has to repay the enƟre revalued debt in that period, so the consumpƟon decline is 1శr

r
Ɵmes larger than for the PI consumer. As the maturity increases, the HtM consumpƟon response approaches the annuity value
response of the PI consumer. In the limit of non-amorƟzing perpetual debt, the responses are idenƟcal. In our sample, the
average housing loan has a remaining maturity of 18 years, which implies that the increase in debt service is about 1.5 to 2
Ɵmes larger than the annuity value of the increase in debt (see Appendix 12 for details). Thus, the difference between the HtM
and PI response is an order of magnitude smaller for a revaluaƟon of long-term debt burdens than a transitory liquidity shock.

A variety of theories, beyond the basic HtM model, predict that the consumpƟon response to a debt revaluaƟon is larger than
in the PI model. In the presence of a precauƟonary-savings moƟve and uninsurable income risk, consumpƟon is concave in
household net worth, so consumpƟon is more sensiƟve to current resources than in the PI model (e.g., Carroll (2001)). de
Ferra et al. (2019) develop a model of a household foreign currency debt revaluaƟon and find that the consumpƟon decline is
larger when debt is concentrated among poorer households. The precauƟonary savings model also implies that an increase in
uncertainty about the future exchange rate also strengthens the consumpƟon decline.

Theories of credit constraints also predict that consumpƟon responds more strongly to an increase in debt service than implied
by the PI model. Financial accelerator models imply that an increase in debt lowers household creditworthiness and access to
new financing (e.g., Bernanke and Gertler (1989)). For example, the large increase in debt can drive borrowers into negaƟve
equity, inhibiƟng the ability to refinance into local currency debt or lower interest rates.
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4.1.2 DEBT REVALUATION AND REAL ACTIVITY
How does the increase in debt affect real economic acƟvity? This depends on macroeconomic and financial market fricƟons.
In an open economy neoclassical model with variable labor supply, the decline in household wealth induced by the debt reval-
uaƟon leads households to boost labor supply, as leisure is a normal good (e.g., Devereux and Smith (2007)). With flexible
prices and without other fricƟons, this labor supply effect translates into an increase in output. Similarly, Chari et al. (2005) and
Lorenzoni (2014), show that a sudden stop that forces households to repay external debt raises output through an increase in
labor supply.¹³

Macroeconomic fricƟons, such as nominal rigidiƟes, however, can make the household debt revaluaƟon contracƟonary, rather
than expansionary. When prices and wages cannot adjust downward, the debt-induced decline in demand translates into lower
employment. In Appendix 13, we present a standard New Keynesian small open economy model based on Galí and Monacelli
(2005) that illustrates the contrasƟng neoclassical and Keynesian effects of a debt revaluaƟon. EsƟmaƟon of the impact of a
debt revaluaƟon, therefore, provides a test of standard flexible price versus sƟcky price open economy models, providing a
useful “idenƟfied moment” for macroeconomic models (Nakamura and Steinsson (2018)). New-Keynesian models also predict
that the decline in demand will have a stronger impact on output in more closed economies with less demand “leakage.” Real
rigidiƟes, such as fricƟons that inhibit a reallocaƟon of employment towards exporƟng firms, strengthen the negaƟve effects
of debt on output (e.g., Huo and Ríos-Rull (2016)).

In the presence of nominal rigidiƟes, household foreign currency borrowing may be excessive from a social perspecƟve. Farhi
and Werning (2016) present a model with nominal rigidiƟes and incomplete markets, where households can borrow using both
foreign and local currency debt. In their model, borrowers do not internalize the contracƟonary equilibrium effects of a debt
revaluaƟon when making financing decisions, implying that foreign currency debt is associated with a negaƟve demand exter-
nality. If the exchange rate tends to depreciate in bad Ɵmes, a social planner would opƟmally choose to tax the accumulaƟon
of foreign currency debt.

Financing fricƟons can also amplify the equilibrium decline in consumpƟon and output. The rise in debt may increase defaults
and foreclosures, leading to fire sales that depress local house prices. A decline in house prices lowers household net worth
and can Ɵghten collateral constraints, further lowering consumpƟon (Kiyotaki and Moore (1997)). A worse recession itself also
depresses house prices, creaƟng a two-way feedback between the demand and fire-sale channels. The decline in demand
may also put downward pressure on domesƟc prices and reinforce the iniƟal exchange rate depreciaƟon, further increasing the
value of foreign currency debt. Models of “internaƟonal debt-deflaƟon” stress the role of collateral constraints in amplifying the
balance sheet effects of foreign currency debt following a depreciaƟon (e.g., Mendoza (2010), Korinek (2011), Bianchi (2011)).

What about an offseƫng increase in spending by savers? In a closed economy, a debt revaluaƟon would represent a transfer
to savers, who can offset the decline in spending by borrowers. If savers have a lower marginal propensity to consume (MPC)
than borrowers, the shock would sƟll depress aggregate consumpƟon, as in the two-agent model of Eggertsson and Krugman
(2012). In the small open economy context, the MPC of foreign savers on the output of the small open economy is likely close to
zero. In this regard, the internaƟonal debt revaluaƟon examined in this paper can be seen as analogous to the closed economy
case where savers have an MPC of zero.

4.2 EMPIRICAL SPECIFICATION
Our empirical specificaƟon isolates the debt revaluaƟon channel by comparing the evoluƟon of outcomes in regions with high
exposure to foreign currency debt, relaƟve to regions with low exposure, around depreciaƟon of the Hungarian forint that
started in October 2008. The basic empirical specificaƟon is:

yzt ୀ ఈz ା ఊt ା ఉ(HH FC Debt Exposure)z08 × Postt ା ఢzt, (1)

¹³ The labor supply expansion channel holds for most standard preferences assumed in the literature, including balanced-growth preferences. The same
supply-side logic applies to why fiscal sƟmulus is expansionary in neoclassical models with variable labor supply (Ramey (2011)). An excepƟon is GHH
(quasi-linear) preferences, which eliminate the wealth effect on labor supply. Debt can also lower labor supply through a debt overhang effect (e.g.
Donaldson et al. (2016)). Given that there was no consumer bankruptcy code in Hungary at the Ɵme of the crisis and therefore a small degree of
limited liability, the wealth effect likely dominates the debt overhang effect in this context.
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where yzt is an outcome such as spending in seƩlement z, (HH FC Debt Exposure)z08 is a measure of household exposure to FC
debt prior to the depreciaƟon, ఈz and ఊt are seƩlement and Ɵme fixed effects, respecƟvely, and Postt is a variable that equals
zero up to 2008 and one from 2009 onwards.

We also esƟmate the impact of the household debt revaluaƟon over Ɵme to test for pre-trends and the full dynamic propagaƟon
of the shock using

yzt ୀ ఈz ା ఊtା ෍
kಯ2008

ൣఉk(HH FC Debt Exposure)z08 × 𝟏kసt൧ ା ఢzt, (2)

where 𝟏kసt is an indicator that equals one in year t and zero otherwise. We expect that the dynamic impact of the shock may
differ across outcome variables. For example, spending may decline immediately with the increase in debt obligaƟons, whereas
the impact on local unemployment may be more gradual.

We esƟmate (1) using a balanced panel of 2538 seƩlements, but we cluster standard errors on 175 subregions based on a
test of the appropriate level of clustering developed by Ibragimov and Müller (2016). Our preferred specificaƟon weights by
seƩlement populaƟon in 2007, but we report robustness checks for alternaƟve weighƟng schemes.

Our baseline measure of local exposure to foreign currency debt is the share of household debt in foreign currency in September
2008, sFCz08. In September 2008, 97 percent of FC debt was denominated in Swiss franc. A seƩlement’s share of household debt
in FC thus captures most of the variaƟon in exposure to the depreciaƟon.

Figure 3 presents a map of the spaƟal variaƟon in the household FC debt share, sFCz08. The share of household debt in foreign
currency is not strongly clustered in specific regions. The FC debt share ranges from 48 percent on average in the lowest decile
to 90 percent in the highest decile, and there is variaƟon in the currency composiƟon of debt within and across major regions.

Figure 3
Geographic distribuƟon of household FC debt exposure
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Notes: This figure presents a map of the September 2008 household FC debt share across seƩlements in Hungary. Thick black lines represent the
borders of 7 major regions. The map shows that there is variaƟon both within and across major regions in the FC debt share.

To obtain esƟmates that are more easily interpretable, we also directly esƟmate the effect of the household debt revaluaƟon
shock from 2008:9 to t, defined as

୼08షt෥dz ୀ
∑j∈C ቀℰ

j
tD

j
z08 ି ℰj

08D
j
z08ቁ

∑j∈C ℰ
j
08D

j
z08

, (3)

where C is the set of currencies, ℰj
t is the forint price of currency j at Ɵme t, and Dj

z08 is debt in currency j in September 2008.
The debt revaluaƟon shock captures the percentage increase in debt induced by the depreciaƟon. It can be related to the FC
debt shares in each currency j as: ୼08షt෥dz ୀ ∑j∈C[(ℰ

j
tశh ି ℰj

08)/ℰ
j
08]s

j
z08 .
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The FC debt share and the debt revaluaƟon shock exploit variaƟon in the currency composiƟon of household debt, but not
the overall level of leverage. This allows us to hold fixed the overall expansion in debt, which may be correlated with other
cyclical factors. While this is appealing from an idenƟficaƟon perspecƟve, from a theoreƟcal perspecƟve the overall increase
in debt burdens relaƟve to household resources is what maƩers. We therefore also present results using the household debt
revaluaƟon relaƟve to income, which is defined as

୼08షt෦dIncz ୀ
∑j∈C ቀℰ

j
tD

j
z08 ି ℰj

08D
j
z08ቁ

(Household disp. income)z08
. (4)

The correlaƟon between this measure and the FC debt share is 0.26. Finally, we present robustness using alternaƟve measures
of exposure such as the fracƟon of loans on FC, the number of FC loans per adult, the share of mortgage debt in FC (i.e. excluding
home equity loans), and the share of debt in FC only for loans originated in years 2003 to 2005.

4.3 IDENTIFICATION AND VARIATION IN HOUSEHOLD FC DEBT
EquaƟon (1) provides a consistent esƟmate of ఉ under the idenƟfying assumpƟon of parallel trends. More precisely, idenƟfi-
caƟon assumes that the change in an outcome yzt in low sFCz08 seƩlements is a valid counterfactual for high sFCz08 seƩlements, had
those regions not been exposed to the depreciaƟon through household FC debt. The threat to idenƟficaƟon is a Ɵme-varying,
region-specific shock that affects yzt and is correlated with exposure to foreign currency debt.

A potenƟal concern with our empirical strategy is that FC and LC borrowers may have different exposure to business cycle risk.
A priori, the sign of such potenƟal selecƟon into FC loans is ambiguous, both at the individual and regional level. Households
with higher or less risky income may be more likely to borrow in foreign currency.¹⁴ Foreign banks, the main providers of FC
credit, may also “cherry-pick” borrowers with low default risk (Beck and Brown (2015)). On the other hand, less financially
sophisƟcated households who are more exposed to recession risk may be more likely to borrow in FC because they do not
adequately assess exchange rate risk.

Table 2
Local and Foreign Currency Borrowers in Household Survey Data

LC FC Non-borr. FCିLC FCିLC

Mean Mean Mean Difference S.E.

Low educaƟon 0.18 0.12 0.27 -0.06 0.01

Medium educaƟon 0.64 0.67 0.57 0.04 0.02

High educaƟon 0.18 0.20 0.16 0.02 0.02

Low income 0.30 0.24 0.35 -0.06 0.02

Medium income 0.30 0.26 0.25 -0.04 0.02

High income 0.27 0.32 0.21 0.05 0.02

Age in 2008 41.50 40.56 48.26 -0.93 0.49

Household size 2.91 3.05 2.44 0.14 0.05

Employed 0.62 0.69 0.43 0.07 0.02

City pop. ழ 5,000 0.33 0.32 0.29 -0.01 0.02

City pop. 5,000 to 100,000 0.42 0.46 0.40 0.04 0.02

City pop. வ100,000 0.25 0.22 0.31 -0.02 0.02

ObservaƟons 1171 1355 6587 2526 2526
Notes: This table presents average individual-level characterisƟcs of local currency borrowers (LC), foreign currency borrowers (FC), and non-
borrowers from the Austrian Central Bank’s Euro Survey Project. We pool the biannual samples from 2008 to 2011. EducaƟon and income are
reported in three categorical groups (low, medium, and high). Foreign (local) currency borrowers are borrowers who report have loans that are
solely or predominantly in foreign (local) currency.

Table 2 presents the average characterisƟcs of LC borrowers, FC borrowers, and non-borrowers from a representaƟve survey
of households in Hungary collected by the Austrian Central Bank’s Euro Survey Project. We use households from the 2008

¹⁴ For example, Beer et al. (2010) find that Swiss franc borrowers in Austria are typically high-income and financially sophisƟcated households.
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to 2011 waves of the survey.¹⁵ Compared to LC borrowers, FC borrowers have similar or slightly higher educaƟon, income,
and employment rates. FC borrowers also tend to be younger and live in smaller towns. Notably, the difference between FC
and LC borrowers is substanƟally smaller than between borrowers and non-borrowers, with borrowers having higher average
educaƟon and income.¹⁶ A borrower’s loan currency denominaƟon is largely determined by whether the loan was taken out
during the subsidized LC period or the FC lending period. This explains why FC and LC borrowers are likely to be reasonably
similar along most dimensions, but also why FC borrowers are younger on average.

Table 3
Correlates of Household FC Debt Exposure across SeƩlements

Right-hand-side variable Coefficient S.E. R2 N

Debt to disposable income, 2008:9 -0.034 0.017 0.008 2538

Log disposable income per capita, 2007 -0.064 0.015 0.048 2538

Log populaƟon, 2007 -0.006 0.002 0.031 2538

Share of populaƟon age 18-59, 2007 -0.228 0.136 0.005 2538

VocaƟonal educaƟon share 0.332 0.097 0.044 2538

High school share -0.284 0.061 0.051 2538

College share -0.274 0.089 0.079 2538

Unemployment rate, 2007 0.369 0.096 0.044 2538

Household default rate, 2008:9 0.705 0.222 0.010 2538

Firm default rate, 2008Q3 0.101 0.033 0.005 2538

House price growth, 2003-07 0.133 0.028 0.067 2538

House price growth, 2005-07 0.050 0.040 0.006 2538

LTV -0.090 0.130 0.001 2538

Change in LTV, 2004-05 to 2007-08 -0.158 0.066 0.009 2538

Export sales share, 2007 -0.026 0.028 0.007 2538

Export sales per capita, 2007 -0.168 0.630 0.000 2538

Log sales-employment raƟo, 2007 -0.011 0.008 0.008 2538

Corporate FC indebtedness, 2008, sFC,Firmz08 -0.012 0.022 0.001 2538

Manufacturing employment share, 2007 0.008 0.019 0.001 2538

ConstrucƟon employment share, 2007 0.011 0.038 0.000 2538

Agriculture employment share, 2007 0.042 0.023 0.005 2538

Notes: The table presents regressions of the September 2008 household foreign currency debt share on various seƩlement level characterisƟcs:
sFCz08 ୀ ఈ ା ఉxz ା uz . ObservaƟons are weighted by 2007 populaƟon. Standard errors are clustered at the subregion level (175 units).

While FC and LC borrowers are similar at the individual level, our analysis primarily exploits regional variaƟon to examine the
impact on local aggregate economic acƟvity. Table 3 presents regressions of sFCz08 on various seƩlement-level characterisƟcs
to provide a sense of the correlates of local HH FC debt exposure. The FC debt share is uncorrelated or weakly correlated
with overall household debt to income, the average LTV raƟo, export exposure of local firms, manufacturing and construcƟon
employment shares, and corporate FC indebtedness. The household FC debt share is also uncorrelated with house price growth
from 2005 to 2007, but posiƟvely correlated with house price growth from 2003 to 2007.¹⁷

¹⁵ The Euro Survey Project is a biannual survey that collects informaƟon on the role of the euro and other foreign currencies in Central and Eastern
European countries. Results are similar, but less precise, using only the 2008 wave. Because lending effecƟvely stopped aŌer the depreciaƟon, most
borrowers with an FC loan aŌer 2008 would have borrowed prior to the depreciaƟon.

¹⁶ Appendix Table 9 shows that these paƩerns are similar using another individual-level survey dataset, the Tarki HouseholdMonitor, which also contains
informaƟon on individuals’ loan currency denominaƟon. Table 9 again shows that, compared to LC borrowers, FC borrowers have similar or higher
educaƟon, income, and employment rates, and that FC borrowers are slightly younger. Other studies using the Euro Survey and other households
surveys also find that FC and LC borrowers in Hungary are broadly similar along observable dimensions (Fidrmuc et al. (2013), Pellényi and Bilek
(2009)).
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At the same Ɵme, Table 3 reveals that high sFCz08 areas have significantly lower disposable income per capita, educaƟon levels, and
populaƟon and higher pre-crisis unemployment. Areas with higher household FC debt exposure also have significantly higher
pre-crisis default rates on household loans, though these relaƟons are generally moderate in magnitude and goodness-of-fit.
That is, while FC and LC borrowers are approximately comparable at the individual level according to survey data, FC borrowers
tend to live in smaller ciƟes with lower overall income and educaƟon and higher credit risk on some dimensions.

One explanaƟon for the negaƟve relaƟon between sFCz08 and local populaƟon, income, and educaƟon comes from the cred-
it supply side. Following the transiƟon from communism, average retail banking depth and compeƟƟon were low, but varied
substanƟally across regions.¹⁸ Areas with a higher density of domesƟc banks experienced stronger growth in subsidized domes-
Ɵc currency household credit. Following the cutback of domesƟc currency subsidies in 2004, foreign banks filled into areas with
lower branch density, providing FC credit to previously underserved areas. Appendix Table 10 shows that areas with a higher
banking density in 1995 have a higher domesƟc currency debt-to-income in 2008, lower FC debt-to-income, and therefore a
lower share of debt in FC.

In the empirical analysis below, we report esƟmates that control for pre-crisis seƩlement-level observables in Table 3, interacted
with the Postt indicator, to capture any Ɵme-varying shocks that interact with these observables. In parƟcular, we present
tests that control for September 2008 debt to disposable income, log 2007 populaƟon, log 2007 disposable income per capita,
educaƟon (vocaƟonal, high school, and college) shares, the populaƟon shares age 18-59 and above 60, and the intensity of a
public jobs program that was expanded in 2011 (Baseline controls).¹⁹

To capture potenƟal differences in ex ante credit quality, we control for the pre-crisis household and firmdefault rates (measured
in 2008Q3), house price growth from 2003 to 2007, average LTV from 2004 to 2008, and the change in LTV between 2004-05
and 2007-08 (Credit quality controls). We also control for Ɵme-varying regional shocks by including fixed effects for seven major
regions (Region FE). In addiƟon, we present tests that control for one-digit industry employment shares, export revenues as
a share of total firm revenues, and export revenues per capita (Industry employment shares and Export exposure controls). In
firm-level employment regressions, we include firm-levelmeasures of producƟvity, size, firm leverage and firmFC indebtedness,
ownership structure, and two-digit industry fixed effects (Firm controls).

¹⁷ Prior to 2008, the house price index is based on median transacƟon values. The posiƟve correlaƟon between sFCz,08 and 2003-07 house price growth
may partly reflect that foreign currency loans increased purchases of larger homes.

¹⁸ Gál (2005) provides a detailed analysis of the geographic differences in the density of retail banking aŌer the transiƟon from communism, showing
that there are significant differences in the number of retail banks per capita across regions. He argues these differences are driven by a high degree
of centralizaƟon in a few major ciƟes daƟng back to communism.

¹⁹ The public jobs program lowered unemployment starƟng in 2011. The program aƩenuates the esƟmated effect on unemployment (but not employ-
ment) starƟng in 2012, as it was targeted toward regions with the largest rise in unemployment, as seen by comparing Figures 6 and 12.
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5.1 HOUSEHOLD DEFAULT
Table 4 panel A analyzes the effect of the household foreign currency debt revaluaƟon on the seƩlement-level household default
rate. Column 1 presents the esƟmate of equaƟon (1), controlling only for seƩlement and Ɵme fixed effects. The esƟmaƟon
sample is a quarterly seƩlement level panel from 2006Q1 to 2012Q4. The esƟmate implies that taking the FC debt share from
zero to one is associated 9.30 percentage point higher default rate aŌer the depreciaƟon. In columns 2 and 3 we progressively
include the controls sets defined in the previous secƟon. The esƟmate falls to 5.73, but remains highly significant. In terms of
which controls maƩer most, we find that once we control for educaƟon shares, the esƟmates are stable when adding addiƟonal
controls.²⁰

The esƟmated impact on household default rate is large in magnitude. For example, applying the esƟmate to the average
household FC debt exposure implies that household FC debt explains 71 percent (5.73 × 0.66/5.29) of the average rise in the
default rate from the pre-crisis to the crisis period. This calculaƟon abstracts from potenƟal general equilibrium effects across
local areas, which we discuss further in secƟon 5.4. Housing loans in Hungary are full recourse loans, and debt cannot be
discharged in bankruptcy. Thus, a household’s decision to default mainly reflects limited ability, as opposed to willingness, to
repay. The large rise in defaults caused by exposure to foreign currency debt, therefore, represents a severe increase household
financial distress.

Figure 4 presents the effect of FC debt exposure on the default rate over Ɵme. It plots the esƟmates of {ఉk} from equaƟon (2)
for the seƩlement default rate on housing loans at a quarterly frequency. The omiƩed period is 2008Q3, the last quarter before
the depreciaƟon. The evoluƟon of the default rate in high and low FC debt regions is similar prior to the depreciaƟon. Higher
FC debt regions begin experiencing higher default rates starƟng in 2009Q1. The default rate rises gradually in more exposed
seƩlements through 2014. The gradual rise is likely due to a combinaƟon of the addiƟonal depreciaƟon and the full recourse
environment, which provides an incenƟve to avoid default.

Column 4 in Table 4 presents the esƟmated effect in terms of the household debt revaluaƟon shock, ୼෥dz, defined in (3). To fix
the size of the shock affecƟng a given seƩlement, the debt revaluaƟon is measured based on the depreciaƟon from 2008Q3 to
2010Q3, a period that approximately corresponds to the average depreciaƟon from the outbreak of the crisis unƟl 2012 of 36
percent relaƟve to the Swiss franc. This specificaƟon can be thought of as the “second stage” regression of the effect of debt
revaluaƟon on default, where the second stage variable is computed as the exact debt revaluaƟon shock implied by FC debt
exposure.²¹ Column 4 implies that a 10 percent increase in household debt raises the seƩlement default rate by 2 percentage
points.

Column 5 in Table 4 presents the same regression with the household debt revaluaƟon to income, defined in (4), as the right-
hand-side variable. According to this specificaƟon, a 10 percentage point increase in debt-to-income raises the local default
rate by 1.5 percentage points.²² In contrast to the FC debt share (sFCz08), the debt revaluaƟon relaƟve to income is posiƟvely
correlated with income and educaƟon (see Appendix Table 12). The fact that we find similar results with this measure suggests
that the baseline results are not driven by an unobservable shock that differenƟally affects poorer regions.

²⁰ Appendix Table 13 explores the impact of adding various control sets more systemaƟcally, showing that the esƟmates are most sensiƟve to the
inclusion of the educaƟon share controls. Table 13 also suggests that once educaƟon shares are included as controls, the esƟmates are stable
when adding a broad range of addiƟonal controls, including controls for local demographics, household income, credit quality, export exposure, and
industry shares.

²¹ Results are almost idenƟcal if we instead instrument the increase in household debt with the FC debt share.
²² Appendix Table 14 presents a simpler cross-secƟonal specificaƟon of the change in various outcomes from 2008 to 2010 on the household debt

revaluaƟonmeasures,୼෧dz,08ష10 and୼෧dIncz,08ష10 defined over the sameperiod. The esƟmates from this simpler specificaƟon are similar to the esƟmates
in Table 4.
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Figure 4
Household Foreign Currency Debt Exposure and Default Rates
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Notes: This figure presents esƟmates of {ఉq} from

Defaultzt ୀ ఈz ା ఊt ା ෍
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ఉq(sFCz08 ⋅ 𝟏qసt) ା ෍
qಯ2008Q3

୻q(Xz ⋅ 𝟏qసt) ା ఢzt .

The outcome variable is the seƩlement default rate on housing loans, defined as the fracƟon of housing loans in default. Control variables in Xz
correspond to all the controls in Table 4 column 3. Appendix Figure 12 presents the esƟmates without controls. For reference, the aggregate default
rate on housing loans increased from 0.9 percent in 2008Q3 to 4.7 percent in 2010Q3 and 13.9 percent in 2014Q3. ObservaƟons are weighted by
2007 populaƟon. Error bars represent 95 percent confidence intervals from standard errors clustered at the subregion level.

5.2 DURABLE SPENDING
In Table 4 panel B, we ask whether the household debt revaluaƟon translates into a decline in local spending on durables.
Columns 1-3 report esƟmates of equaƟon (1) with the log of the number of new auto registraƟons as the dependent variable.²³
The esƟmates imply that seƩlements with full exposure to FC debt experience a 41 percent (.53 log point) decline in auto
purchases relaƟve to regions with no foreign currency debt. In terms of magnitudes, the esƟmate implies that household FC
debt accounts for 34 percent (ି53.1 × 0.66/101.5) of average the decline in auto spending in the crisis from 2006-08 to 2009-
12, abstracƟng from aggregate equilibrium effects. The esƟmated effect is highly significant and robust to including a host of
controls. However, it is important to note that the point esƟmate declines by one-half with the inclusion of controls, especially
the educaƟon controls.

Columns 4 and 5 in Table 4 Panel B report the esƟmated effect on new auto registraƟons using the household debt revaluaƟon
variables as the measures of the shock. Both measures imply that the debt revaluaƟon translates into a highly significant decline
in durable spending. For example, the esƟmate in column 5 implies that a one percentage point increase in debt to income
lowers durable spending by 1.26 percent.

Figure 5 illustrates how FC debt exposure affects new auto registraƟons over Ɵme by ploƫng esƟmates of {ఉk} from equaƟon
(2). In the years leading up to the depreciaƟon, auto spending evolves similarly in high relaƟve to low sFCz08 seƩlements. There is
some evidence of relaƟvely rapid growth in high exposure areas in 2003 and 2007, though this increase is substanƟally smaller
than the subsequent decline. In 2009, following the depreciaƟon, auto spending falls sharply in regions with a higher FC share
and conƟnues to fall in 2010, remaining significantly below the pre-crisis level even by 2014. The persistent effect on durable
expenditure is consistent with the fact that debt revaluaƟon permanently increases household debt service requirements.

²³ To allow for small seƩlements with zero auto registraƟons, we add one before taking logs, i.e. ୪୬(1 ା Czt). The esƟmates are quanƟtaƟvely similar
when dropping small seƩlements with zero auto registraƟons.
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Figure 5
Foreign Currency Debt Exposure and Household Spending
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for durable spending (new auto registraƟons). Coefficients aremulƟplied by 100. ObservaƟons areweighted by 2007 populaƟon. Error bars represent
95 percent confidence intervals from standard errors clustered at the subregion level.

5.3 LOCAL UNEMPLOYMENT

The rise in the real burden of foreign currency household debt leads to a rise in default rates and a sharp decline in durable
spending. How does the local economy absorb this shock? Table 5 explores the effect of the household debt revaluaƟon on
the seƩlement unemployment rate. Column 1 reveals that seƩlements with higher exposure to household FC debt see a larger
rise in unemployment aŌer the depreciaƟon. Columns 2 and 3 show that the effect is robust to the inclusion of a variety of
controls. The coefficient in column 3 implies that a region with full exposure to FC debt experiences a 1.65 percentage point
increase in unemployment, relaƟve to a region with only domesƟc currency debt. Based on the esƟmate in column 3, the debt
revaluaƟon channel accounts for 49 percent (1.65 × 0.66/2.22) of the increase in the unemployment rate from the pre-crisis
period to the crisis period in a parƟal equilibrium sense. Hence, household FC debt can explain a substanƟal fracƟon of the
labor market deterioraƟon in the crisis.

Columns 4 and 5 present the esƟmates in terms of the debt revaluaƟon measures, defined in (3) and (4). Both esƟmates are
highly staƟsƟcally significant. The esƟmate in column 5 on the debt revaluaƟon to income implies that a 10 percentage point
increase in debt-to-income raises the local unemployment rate by 0.36 percentage points.

Figure 6 presents the full dynamic impact of FC debt exposure on unemployment from esƟmaƟng equaƟon (2). During the
pre-crisis period from 2000 to 2008, there is a limited relaƟon between sFCz08 and the change in unemployment, consistent with
parallel trends. It is worth noƟng that parallel trends hold during 2005 and 2006, despite fluctuaƟons in aggregate unemploy-
ment driven by an economic slowdown and a fiscal consolidaƟon program (see Appendix Figure 11). AŌer the depreciaƟon in
late 2008, the coefficient rises gradually to 2.3 percentage points in 2011, and unemployment remains persistently higher in
more exposed regions for several years. By 2014, six years aŌer the iniƟal shock, unemployment in exposed regions had sƟll
not fully recovered to its relaƟve pre-crisis level.

MNB WORKING PAPERS 2 • 2020 23



MAGYAR NEMZETI BANK

Figure 6
Foreign Currency Debt Exposure and Unemployment
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where uzt is the seƩlement unemployment rate. ObservaƟons are weighted by 2007 populaƟon. Error bars represent 95 percent confidence intervals
from standard errors clustered at the subregion level.

5.4 INTERPRETATION OF THE ESTIMATES: THE DEBT REVALUATION MULTIPLIER
The evidence that the household debt revaluaƟon leads to a rise in default rates and a collapse in spending is consistent with
models of incomplete markets where agents have unhedged exposure to FC debt. The rise in local unemployment caused by
the household debt revaluaƟon is qualitaƟvely consistent with macroeconomic fricƟons such as nominal rigidiƟes that translate
declines in demand into higher unemployment, as discussed in secƟon 4.1. Moreover, the results imply that the higher burden
of debt leads to a significantly weaker local economy, which, in turn, exacerbates the burden of debt repayment.

What is the quanƟtaƟve impact of the household debt revaluaƟon? To answer this quesƟon, we compute the mulƟplier on
the increase in debt service induced by the household debt revaluaƟon. We follow recent studies that esƟmate government
spending mulƟpliers by compuƟng “integral mulƟpliers,” which captures the cumulaƟve real economic response relaƟve to the
cumulaƟve impact of a given economic shock (e.g., Mounƞord and Uhlig (2009), Ramey (2016)). In our context, the integral
mulƟplier relates cumulaƟve implied jobs lost to the cumulaƟve increase in household debt service:

MJob
h ୀ

∑h
jస2009 JobsLostj

∑h
jస2008∶9 DebtServiceShockj

. (5)

We calculate the numerator using the esƟmated effect on unemployment from 2009 to 2014 in Figure 6, combined with
the distribuƟon of household FC debt exposure. This calculaƟon implies that the debt revaluaƟon led to an increase of 9.4
unemployment-rate-years, or 1.6 percentage points per year. Applying this to the total labor force in 2008 implies that the
shock destroyed 259 thousand job-years from the start of the crisis through 2014, or 43 thousand jobs per year. To com-
pute the denominator in (5), we use the cumulaƟve increase in households’ monthly debt service from the iniƟal depreciaƟon
through the end of year h, which equals USD-PPP 10.5bn (5.1 percent of GDP). This captures the cumulaƟve flow increase in
debt service induced by the depreciaƟon.

RelaƟng the number of job-years lost from 2009 to 2014 with the increase in debt service implies that a $40,500 (2008 PPP,
or HUF 5.3 million) increase in debt service destroys one job-year. This provides the analogue of the “cost-per-job” esƟmated
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in studies on the impact of government spending on employment. Following Chodorow-Reich (2019), we can obtain a back-
of-the-envelope esƟmate of the output mulƟplier by relaƟng this number to nominal GDP per worker in 2008 ($49,800 PPP).
This calculaƟon implies that for each dollar increase in debt service, output declines by 1.23 dollars. This esƟmate is based on
the full cumulaƟve impact from 2009 to 2014. We can also examine the implied output mulƟplier over Ɵme by varying h in
our calculaƟon. Figure 7 shows the results. At the peak effect in 2010, a $29,000 (2008 PPP, or HUF 3.9 million) shock to debt
service destroys one job-year, corresponding to a peak output mulƟplier of 1.67.

Figure 7
Implied Output MulƟplier
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Notes: This figure presents the cumulaƟve output mulƟplier implied by the esƟmates from Figure 6. See text for details on computaƟon.

Is the magnitude of this esƟmated mulƟplier reasonable? Recall that the MPC out of the increase in debt service for a hand-to-
mouth agent is 1, and for a PI agent it is approximately 1/2 to 2/3, given the persistence of the increase in future debt service.
Supposing that the increase in debt service translates one for one into a decline in consumpƟon, we can compare this to the
mulƟplier on deficit or outside financed government spending esƟmated using cross-regional variaƟon. Surveying the recent
literature, Chodorow-Reich (2019) reports that many studies find mulƟpliers in the range of 1.5 to 2. Thus, our peak esƟmated
debt revaluaƟon mulƟplier of 1.67 appears to be within the range of cross-secƟonal fiscal mulƟpliers.

This cross-secƟonal mulƟplier abstracts from a variety of aggregate general equilibrium effects. This raises the quesƟon of
how this cross-secƟonal mulƟplier relates to the aggregate mulƟplier. There are several contrasƟng general equilibrium con-
sideraƟons. Leakage of local demand through purchases of goods produced in other areas within Hungary implies that the
aggregate mulƟplier is larger than the cross-secƟonal mulƟplier. Similarly, a decline in relaƟve prices in affected areas may lead
to expenditure switching toward tradable goods produced by these areas, which also implies a larger aggregate mulƟplier.

In contrast, interregional factor mobility, such as out-migraƟon from more affected areas to other domesƟc areas, would imply
a smaller aggregate mulƟplier. In the next secƟon, we find no expansion in employment among local exporters, limited evi-
dence of a decline in local wages, and no differenƟal out-migraƟon from exposed areas. This suggests that adjustment through
expenditure switching and factor mobility may be limited in the short term.

A potenƟally important general equilibrium effect that we cannot esƟmate is any addiƟonal depreciaƟon caused by the debt
shock. An addiƟonal depreciaƟon has both posiƟve effects, by improving compeƟƟveness, and negaƟve effects, by reinforcing
the debt revaluaƟon. Overall, these consideraƟons suggest that our cross-secƟonal mulƟplier can be seen as an approximaƟon
to the naƟonal aggregate mulƟplier of a revaluaƟon in long-term household debt, holding fixed the exchange rate and monetary
policy.²⁴

²⁴ See Chodorow-Reich (2019) for an extensive discussion of the relaƟonship between cross-secƟonal and aggregate mulƟpliers.
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5.5 ROBUSTNESS
AlternaƟve hypotheses. An important threat to idenƟficaƟon is that areas with higher exposure to foreign currency debt are
inherently more cyclical. So far we have controlled for several factors that may capture local cyclicality, including educaƟon
and industrial composiƟon. Column 1 of Appendix Table 15 goes a step further and shows that the esƟmates are robust to
controlling for a seƩlement’s historical loading on the aggregate unemployment rate, esƟmated from 1995 to 2007.

To further support the argument that regions with higher exposure to FC debt are not generally more sensiƟve to business
cycle shocks, Appendix Figure 13 uses the 1998 Russian Sovereign Debt Crisis as a placebo sample. Russia’s devaluaƟon and
sovereign default in August 1998 led to capital ouƞlow from Hungary and a collapse in Hungary’s exports to Russia. These
adverse shocks were associated with a 1.3 percentage point increase in the unemployment rate in 1998, followed by a strong
recovery in 2000. Figure 13 shows that re-esƟmaƟng (2) on the 1995-2001 sample yields esƟmates that are close to zero and
insignificant for all years. While local exposure to business cycle risk can change over Ɵme, this test supports the view that the
baseline results are not driven by higher cyclicality in more exposed areas.

A related concern is that sFCz08 is correlated with lower credit quality, so that exposed areas would have seen higher defaults and a
worse recession even without exposure to FC debt. Our main analysis controls for several credit quality measures, and Table 15
presents several addiƟonal checks. Column 2 shows that the results are robust to controlling for the local unemployment rate
in 2007 and the home equity share of foreign currency mortgages. Anecdotal evidence suggests mis-selling of foreign currency
loans was most prevalent for home equity loans (Bethlendi (2015)), and a higher presence of home equity loans indeed predicts
a higher default rate. In column 3 we instead instrument sFCz08 with the FC debt share for mortgage loans, exploiƟng only variaƟon
in FC exposure driven bymortgage loans. Because credit quality deterioraƟonwasmore severe for foreign currency homeequity
loans, the mortgage FC debt share is uncorrelated with 2007 household income and educaƟon (see Appendix Table 12). The
instrumental variables esƟmate in column 3 are similar to the baseline esƟmates.

Foreign currency borrowers generally borrowed later in the credit expansion, so a related concern is that credit quality dete-
riorated during the boom. Table 15 column 4 instruments the overall FC debt share with the FC debt share using only loans
originated in years 2003 through 2005. The esƟmates using this instrument are similar to the baseline for all three outcome
variables.

Credit booms, high household debt, and credit supply cycles are closely related. One may therefore wonder whether high
household FC exposure areas simultaneously experienced a boom and reversal in credit supply to firms and households. The
forint depreciaƟon was associated with a large capital ouƞlow that depressed overall credit supply. Concerns about a large-
scale disorderly withdrawal of foreign credit from emerging Europe led to the Vienna IniƟaƟve, launched in February 2009.
Through the Vienna IniƟaƟve, western European banks agreed to maintain specific levels of exposure to emerging Europe and
to recapitalize their subsidiaries in the region, miƟgaƟng a disrupƟve withdrawal of credit (De Haas et al. (2015)).

In secƟon 6.1 below we discuss the role of credit supply to firms in more detail. Disentangling the direct effect of the increase in
household debt from a credit supply shock to households is challenging, and the esƟmates likely capture a combinaƟon of these
factors. The increase in debt burdens and the deterioraƟon of the local economy would likely depress credit demand in exposed
regions, but it would also reduce household creditworthiness. Column 5 in Table 15 presents a test that aƩempts to control for
credit supply to households. The test is based on the intuiƟon that credit supply expansions oŌen mean-revert, so the overall
expansion in credit may serve as a proxy for the subsequent contracƟon in credit supply to households. Column 5 shows that
the esƟmates are slightly smaller compared to the baseline when controlling for the overall expansion in household debt-to-
income from 2004 to 2008. Column 6 goes a step further and explicitly controls for new housing lending in the crisis, from
2008Q4 through 2011Q4, relaƟve to 2008 disposable income. Areas with stronger lending in the crisis experienced stronger
auto spending and a smaller decline in unemployment. Of course, the decline in lending may stem in part from the FC debt
shock, so this specificaƟon likely “over-controls.” Nevertheless, the effect of household FC debt exposure remains robust.

Finally, to account for other potenƟal shocks operaƟng at a broad regional level, Table 15 column 7 includes Ɵghter region fixed
effects for 20 major regions (NUTS-3) interacted with the Postt dummy. The effect remains highly significant, albeit smaller,
which is likely because exploiƟng variaƟon within NUTS-3 regions absorbs some local labor market level variaƟon.

Measurement of the shock. Our results are robust to measuring household FC debt exposure using the fracƟon of loans in FC
(Table 15 column 8) and the number of FC loans relaƟve to the working-age populaƟon (column 9). The laƩer measure ensures
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that the results are not spuriously driven by seƩlements with a small number of loans but a high FC debt share. Column 10
reports a substanƟally smaller and generally insignificant effect using the number of local currency loans per adult.

Table 19 in the Appendix explores an alternaƟve to the conƟnuous exposure measure by defining “treated” seƩlements as
those in the top quarƟle of sFCz08 and “control” seƩlements as those in the boƩom quarƟle. RelaƟve to “control” areas, “treated”
areas see a 1.1 percentage points rise in default rates, a 10.3 percent decline in auto spending, and a 0.35 percentage points
rise in the unemployment rate (columns 1 and 2). Columns 3 and 4 present the same analysis on a sub-sample of propensity-
score-matched seƩlements to ensure that the distribuƟon of covariates in treatment and control areas have common support.²⁵
The esƟmates are broadly similar using the propensity-score-matched sample. Columns 5 and 6 replace the binary treatment
variable with the conƟnuous measure of exposure, sFCz08, and reesƟmate the baseline specificaƟon on the matched sample.
The magnitudes of the esƟmates on this sample are, in some cases, smaller than the baseline, but the effects remain highly
significant.

Weights, heterogeneity by city size, and aggregaƟon. Our baseline esƟmaƟon weights seƩlements by their populaƟon in 2007.
Appendix Table 20 column 1 shows that the esƟmates fall by one-third to one-half when weighƟng seƩlements equally. This is
because the effect is stronger among larger, more densely populated seƩlements, which generally consƟtute their own labor
markets (columns 2-4). Larger ciƟes are more closed economies and therefore subject to less “leakage” of local demand. Table
20 columns 5 and6 address the concern that seƩlementsmaybe toofine aunit of analysis to capture local labormarket effects.²⁶
Specifically, we esƟmate ourmain specificaƟonusing data aggregated up to 175 subregions that correspond to commuƟng zones
(Paloczi et al. (2016)). The point esƟmates are slightly larger but similar using this higher level of aggregaƟon.

²⁵ Appendix Table 18 shows that the matched seƩlements are similar on key observables such as debt-to-income, income, and educaƟon.

²⁶ Lalive et al. (2015) conduct a local labor markets analysis of unemployment insurance spillovers using a similar level of aggregaƟon in Austria (2,361
communiƟes). According to the 2001 census, 70 percent of households in Hungary live and work in the same seƩlement.
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Table 4
Household Debt RevaluaƟon, Local Default Rates, and Durable Spending

Panel A: Default Rate (Quarterly Panel EsƟmaƟon)

(1) (2) (3) (4) (5)

HH FC debt share, sFCz08 × Post 9.30 5.65 5.73

(1.02) (0.69) (0.68)

HH debt revaluaƟon, ୼෥dz × Post 0.20

(0.025)

HH debt to inc. revaluaƟon, ୼෦dIncz × Post 0.15

(0.019)

R2 0.84 0.87 0.87 0.87 0.87

Number of SeƩlements 2538 2538 2538 2538 2538

ObservaƟons 71064 71064 71064 71064 71064

Panel B: New Auto RegistraƟons (Annual Panel EsƟmaƟon)

(1) (2) (3) (4) (5)

HH FC debt share, sFCz08 × Post -109.1 -53.0 -53.1

(16.6) (9.10) (8.92)

HH debt revaluaƟon, ୼෥dz × Post -2.01

(0.33)

HH debt to inc. revaluaƟon, ୼෦dIncz × Post -1.26

(0.35)

R2 0.82 0.84 0.85 0.85 0.85

Number of SeƩlements 2538 2538 2538 2538 2538

ObservaƟons 17766 17766 17766 17766 17766

SeƩlement and Time FE Yes Yes Yes Yes Yes

Baseline Controls Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes

Credit Quality Controls Yes Yes Yes Yes

Export Exposure Controls Yes Yes Yes

Industry Employment Shares Yes Yes Yes

Notes: This table presents esƟmates of equaƟon (1) for the household default rate (Panel A) and the log number of new auto registraƟon (Panel B).
The default rate is measured as the fracƟon of loans in arrears in a seƩlement (city or municipality). Columns 1-3 use the household FC debt share as
themeasure of household FC debt exposure, while columns 4 and 5 report results using the household debt revaluaƟonmeasures defined in equaƟons
(3) and (4). All controls are interacted with Post, an indicator that equals one from 2009 onward. Baseline controls are 2007 household disposable
income, 2008Q3 household debt-to-income, 2007 log populaƟon, educaƟon shares, 2007 18-59 and 60+ populaƟon shares, and public employment
program intensity. Region fixed effects refer to 7 major regions (NUTS-2). Credit quality controls are the 2008Q3 household default rate, 2003 to
2007 house price growth, a proxy for average LTV at originaƟon, the change in average LTV between 2004-05 and 2007-08, and the firm default rate
in 2008Q3. Export exposure controls are the export share of firm revenues and total firm export revenues per capita. Industry employment shares
refer to one digit NACE industries. ObservaƟons are weighted by 2007 populaƟon. Standard errors are clustered at the subregion level (175 units).
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Table 5
Impact of Household Debt RevaluaƟon on Local Unemployment

2006 to 2012 Annual Panel EsƟmaƟon

(lr)2-6 (1) (2) (3) (4) (5)

HH FC debt share, sFCz08 × Post 2.42 1.62 1.65

(0.75) (0.51) (0.52)

HH debt revaluaƟon, ୼෥dz × Post 0.060

(0.019)

HH debt to inc. revaluaƟon, ୼෦dIncz × Post 0.036

(0.013)

SeƩlement and Year FE Yes Yes Yes Yes Yes

Baseline Controls Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes

Credit Quality Controls Yes Yes Yes Yes

Export Exposure Controls Yes Yes Yes

Industry Employment Shares Yes Yes Yes

R2 0.61 0.65 0.65 0.65 0.65

Number of SeƩlements 2538 2538 2538 2538 2538

ObservaƟons 17766 17766 17766 17766 17766
Notes: This table presents esƟmates of specificaƟon (1) with the seƩlement unemployment rate as the dependent variable. Columns 1-3 use the
household FC debt share in September 2008 as the measure of FC debt exposure. Columns 4 and 5 replace the household FC debt share with the
household debt revaluaƟon shock measures, defined in equaƟons (3) and (4). All controls are interacted with Post and are defined in Table 4. Obser-
vaƟons are weighted by 2007 populaƟon. Standard errors are clustered at the subregion level (175 units).
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Whydoes the household debt revaluaƟon translate into a large and persistent rise in local unemployment? This secƟon presents
addiƟonal evidence on the role of a local demand channel, labor market fricƟons, and housing market distress in explaining the
worse local recession.

6.1 LOCAL DEMAND

The differenƟal decline in consumpƟon and rise in unemployment in regions that are more exposed to FC debt is evidence
that household debt revaluaƟon affects the local economy through a decline in household demand. Debt revaluaƟon should,
therefore, more strongly affect firms catering to local markets (Mian and Sufi (2014)). To provide further evidence for a local
household demand channel, we draw on firm-level census data to test whether the debt revaluaƟon shock leads to a stronger
decline in employment of non-exporƟng firms relaƟve to exporƟng firms.

Table 6 displays esƟmates of the effect of household FC debt exposure on firm-level log employment for a balanced panel of
66,267. We esƟmate the following specificaƟon:

୪୬(Eit) ୀ ఈi ା ఊt ା ఉ(sFCz08 × Postt) ା (Xiz × Postt)୻ ା ఢit, (6)

where ఈi a firm fixed effect, ఊt is a year fixed effect, and Xiz represents firm and seƩlement-level controls. In Table 6 column 1,
we find that firms in seƩlements with greater exposure to the household debt revaluaƟon experience a significant decline in
employment. EsƟmaƟng the equaƟon at the firm level allows us to control for detailed firm characterisƟcs. Column 2 shows
that the elasƟcity is similar but more precisely esƟmated when including firm-level controls, seƩlement-level controls, two-digit
NACE industry fixed effects, and fixed effects for major regions. Firm-level controls are a firm’s own FC debt share in 2007, a
quadraƟc in 2007 log employment, 2007 log sales, 2007 leverage (debt-to-sales raƟo), and indicator variables for whether the
firm is majority state or foreign-owned. SeƩlement controls correspond to the Baseline controls and Credit quality controls.
Two-digit industry fixed effects interacted with Postt ensure that the esƟmate is not driven by Ɵme-varying industry-specific
employment shocks.²⁷

Table 6 columns 3 and 4 report esƟmates separately for non-exporters and exporters. The decline in employment and output
is driven primarily by non-exporƟng firms. RelaƟve to a seƩlement with no FC debt, non-exporƟng firms in a seƩlement with
all debt in FC experience a 10.6 percent greater decline in employment. In contrast, employment at exporƟng firms is largely
shielded from the variaƟon in local demand induced by the debt revaluaƟon. This test provides evidence that the effect of
household debt revaluaƟon on employment is not spuriously driven by the exchange rate channel or another shock to exporters.
It also suggests that real rigidiƟes may inhibit a reallocaƟon of labor toward exporƟng firms. The fact that exporters do not
differenƟally expand employment, despite the large depreciaƟon, suggests that there is limited adjustment through “exporƟng
out of the downturn” in the short run.

Column 5 focuses on firms in more strictly-defined non-tradable industries. We classify the restaurant and retail industries and
four-digit NACE industries with below-median geographic Herfindahl indexes as non-tradable, following Harasztosi and Lindner
(2019)’s implementaƟon of the Mian and Sufi (2014) classificaƟon for Hungarian firm-level census data.²⁸ We also exclude firms
that have posiƟve exports in 2007, since these are less likely to cater primarily to local markets. Focusing on the subset of firms

²⁷ The appendix presents several robustness tests for these firm-level employment results. Panel A in Table 21 shows that results are similar when
controlling for firm-level lagged employment growth, ensuring that the esƟmates are not driven by trends in firmemployment. The baseline esƟmates
weight firms equally, but Panel B in Table 21 shows that results are robust to weighƟng firms by their log employment in 2007. Table 22 shows results
are robust to using the household debt revaluaƟon to income shock instead of the FC debt share.

²⁸ A limitaƟon of the NAV data is that we do not observe employment at the establishment level, only at the firm (tax ID) level. This means that we
cannot capture local employment changes for naƟonal retailers. This data limitaƟon biases the esƟmates toward zero.

30 MNB WORKING PAPERS 2 • 2020



MECHANISMS

Table 6
Impact of Household Debt RevaluaƟon on Firm Employment

All Firms
Non-

Exporters Exporters
Non-

Tradable

(1) (2) (3) (4) (5)

HH FC debt share, sFCz08 × Post -8.28 -9.78 -10.6 -1.35 -11.1

(3.04) (2.77) (3.01) (7.16) (4.76)

Firm and Year FE Yes Yes Yes Yes Yes

Firm Controls Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes

R2 0.0092 0.071 0.078 0.062 0.081

Number of Firms 66267 66267 53336 12931 16761

ObservaƟons 463869 463869 373352 90517 117327

Notes: This table presents esƟmates of equaƟon (6) for the firm-level panel dataset. Firm controls are the firm FC debt share in 2007, log firm sales
in 2007, leverage (debt-to-sales) in 2007, a quadraƟc in log firm employment in 2007, and indicator variables for whether a firm is majority state-
owned or foreign-owned. SeƩlement Controls refer to the Baseline controls and Credit quality controls in Table 4. All controls are interacted with
the Postt indicator. Export status is defined as whether a firm has posiƟve export revenues in 2007. Non-tradable industries are defined as retail and
catering industries and four-digit NACE industries with a geographic Herfindahl index below the median, following Harasztosi and Lindner (2019)’s
implementaƟon of the Mian and Sufi (2014) classificaƟon for Hungary. Standard errors are clustered at the subregion level (175 units).

in the non-tradable sector yields an esƟmate on household FC debt exposure of -11.1 percent, which is similar to the overall
decline for non-exporters.

A potenƟal concern with this firm-level evidence is that the household debt revaluaƟon may coincide with a differenƟal con-
tracƟon in bank lending to firms. In Appendix Table 23, we explicitly control for bank lending shocks. We obtain informaƟon
on firm-bank relaƟonships from a register of firms’ bank account numbers and assume that a firm-bank pair have a lending
relaƟonship if the firm has an account with a given bank between 2006 and 2008. Ongena et al. (2017) demonstrate a strong
bank lending channel of monetary policy for these firm-bank pairs. We esƟmate employment specificaƟons at the firm-bank
relaƟonship level and incorporate bank fixed effects, re-weighƟng observaƟons by the inverse of a firm’s number of relaƟon-
ships. Table 23 shows that including bank fixed effects does not substanƟally change the esƟmated effect of household FC debt
exposure. For example, with controls, the coefficient declines slightly from -10.1 to -9.8 percent.²⁹

6.2 LIMITED LABOR MARKET ADJUSTMENT
Appendix Table 24 shows that there is limited labormarket adjustment following the household debt revaluaƟon shock. Columns
1-4 present esƟmates of the effect of the household debt revaluaƟon on nominal wages. Columns 1 and 2 compute wages as
firm payrolls per worker in the firm-level census data. Columns 3 and 4 use seƩlement-level composiƟon-adjusted residual
wages esƟmated from the Structure of Earnings Survey.³⁰ Both sources suggest that there is limited downward adjustment in
wages following the depreciaƟon, despite the increase in local unemployment. These results are consistent with downward
nominal wage rigidity generaƟng higher unemployment following a negaƟve demand shock, as in SchmiƩ-Grohé and Uribe
(2016).

²⁹ There are two addiƟonal reasons why we do not believe the household debt revaluaƟon results are explained by a bank lending channel operaƟng
through firms. First, prior to the currency crisis, banks operaƟng in Hungary did not have currency mismatch on their own balance sheets, and
Hungary did not experience a severe banking crisis. Second, the effect of household FC debt on employment is stronger among non-exporters and
non-tradable sector firms, which are firms that are less reliant on bank credit. In our sample, 63.3 percent of exporters have bank credit in 2008,
while only 48.8 of non-exporters and 51.3 percent of non-tradable firms have a bank loan in 2008.

³⁰ The advantage of the payroll per worker measure is that it covers the universe of firms in NAV, whereas the Structure of Earnings Survey only contains
a sample of workers. The advantage of the nominal wage growth esƟmates from the Structure of Earnings Survey is that we can compute wages
residualized with worker-level characterisƟcs. Note that while the nominal sample size in columns 3 and 4 is only 794 seƩlements, this sample
represents 87.8 percent of the overall 2007 populaƟon.
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Columns 5 and 6 focus on migraƟon. We find no evidence of an increase in net out-migraƟon from seƩlements with higher
FC debt exposure following the depreciaƟon. The esƟmates are close to zero and, if anything, indicate an increase in net in-
migraƟon. The lack of adjustment through migraƟon accords with recent studies that find limited adjustment to local labor
market shocks through interregional migraƟon in the short run (e.g., Autor et al. (2013)).

6.3 HOUSE PRICES AND HOUSING MARKET DISTRESS

House price declines can amplify the effects of a shock to debt burdens in the presence of collateral constraints. The decline in
house prices reduces housing equity, reinforcing the direct loss to household wealth from the debt revaluaƟon. The decline in
housing equity can also limit the scope for refinancing into lower rates or into a local currency loans. Both of these effects may
reinforce the spending and employment declines.

Figure 8 examines the dynamic effect of FC debt exposure on subregional house prices, and Appendix Table 25 presents the
corresponding regression esƟmates. Our dataset contains median subregional home sale prices going back to 2000 and hedonic
house price indices (HPI) starƟng in 2008, so we present esƟmates for both indices. Both the median and hedonic HPI esƟmates
show a gradual and persistent decline in house prices in high exposure areas aŌer the depreciaƟon. The esƟmates imply that
by 2012, the debt revaluaƟon depressed house prices by 13 percent in a seƩlement at the mean of FC debt exposure.

Figure 8
Household Foreign Currency Debt Exposure and House Prices
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Notes: This figure presents the esƟmates of {ఉk} from

୪୬(PHzt) ୀ ఈz ା ఊt ା ෍
kಯ2008

[ఉk(sFCz08 ⋅ 𝟏kసt) ା ୻k(Xz08 ⋅ 𝟏kసt)] ା ఢzt ,

where ୪୬(PHzt) is (100 Ɵmes) the log of the seƩlement median or hedonic home price index. The hedonic home price index is available starƟng in
2008. The specificaƟon includes controls as in Table 4 column 3. See Figure 12 for the esƟmates without controls. ObservaƟons are weighted by 2007
populaƟon. Dashed line represent 95 percent confidence intervals computed from standard errors clustered at the subregion level.

The household debt revaluaƟon channel and housing market dynamics are closely related. However, one concern is that the
esƟmated effects of the household debt revaluaƟon are in fact driven by a housing market cycle, for instance, through a bubble
and bust in house prices or a construcƟon boom that results in an excess supply of housing. The median HPI esƟmates in Figure
8 reveal that pre-trends are approximately parallel between 2005 and 2008, though there is some evidence of an upƟck in prices
in high exposure regions prior to 2005. Unlike many other countries Hungary did not experience a major house price boom in
the years leading up to the crisis. For example, the aggregate real house price index was flat from 2004 to 2008 (see Figure
11). In addiƟon, the decline in house prices following the depreciaƟon appears to be gradual. Appendix Table 25 columns 4-6
focuses on new housing unit construcƟon. There is no evidence of a boom and reversal in the number of new housing units in
areas with more exposure to household FC debt. To summarize, the household debt revaluaƟon appears to depress local house
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prices. But the worse recession in high sFCz08 regions is unlikely to be driven by a bubble and bust in house prices or a housing
supply overhang.
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7 Financial Spillovers

The household debt revaluaƟon causes a more severe local recession and a fall in house prices. Thus, in addiƟon to the direct
effect on FC borrowers, the shock may negaƟvely affect other nearby households indirectly through its impact on the local
economy. In this secƟon, we use loan-level data on individual FC debt posiƟons to separately esƟmate the direct and spillover
effects of the debt revaluaƟon on defaults.

Table 7
Financial Spillovers: Loan-Level Evidence from Defaults

LC and FC Housing Loans
LC

Borrowers
FC

Borrowers

(lr)2-5 (lr)6-6 (lr)7-7 (1) (2) (3) (4) (5) (6)

FCi × Post 4.03 2.01 8.40 3.99

(0.21) (0.22) (1.25) (0.22)

FCi × HighLevb × Post 3.82

(0.16)

FCi ×Maturityi × Post -0.22

(0.052)

sFCz,షb,08 × Post 3.99 1.93 5.52

(0.75) (0.83) (0.99)

Loan and Time FE Yes Yes Yes Yes Yes Yes

Loan Controls Yes Yes Yes Yes Yes Yes

Borrower Controls Yes Yes Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes Yes Yes

R2 0.037 0.038 0.041 0.037 0.050 0.038

Number of Loans 664659 664659 664659 664659 224479 440180

ObservaƟons 20960622 20960622 20960154 20960622 7501797 13458825
Notes: This table presents loan-level esƟmates of equaƟon (7). The dependent variable is an indicator for whether a loan is in default in quarter t.
FCi is an indicator that equals one for loans in foreign currency. sFCz,షb,08 is the household foreign currency debt share in the borrower’s seƩlement
of residence, excluding debt owed by borrower b. HighLevb is an indicator variable that equals one when a borrower’s debt in 2008 relaƟve to
seƩlement income per capita is above the median. Columns 1-4 present esƟmates for both local and foreign currency borrowers. Columns 5 and 6
split the sample into local and foreign currency borrowers. Maturityi is loan i’s maturity in years. Local currency borrowers are defined as borrowers
who have no individual exposure to FC debt. Loan controls refer to loan type fixed effect (mortgage or HE). Borrower controls are the total number of
mortgage and HE loans, log total borrower debt in 2008Q3, and five-year age bin fixed effects. SeƩlement controls refers to all the controls in Table
4, column 3. All controls are interacted with the Post indicator. Standard errors are clustered at the subregion level (175 units).

Table 7 presents esƟmates from loan-level default models of the form

Defaultibzt ୀ ఈi ା ఊt ା ఉ1(FCi × Postt) ା ఉ2(sFCz,షb,08 × Postt) ା (Xibz × Postt)୻ ା ఢibzt, (7)

where Defaultibzt in an indicator for whether loan i is in default at Ɵme t, FCi is an indicator that equals one if the loan is in
foreign currency, sFCz,షb,08 is seƩlement z’s FC debt share excluding borrower b’s debt, and Xibz captures loan-, borrower-, and
seƩlement-level controls. Column 1 in Table 7 reveals that FC loans on average have a 4.0 percentage point higher probability
of default than LC loans aŌer the depreciaƟon. Columns 2 and 3 show that the impact of FC exposure on default is stronger for
borrowers with higher leverage and shorter maturity loans, consistent with the importance of liquidity constraints.

Next, we ask whether a borrower is more likely to default if many nearby households have FC debt. Column 4 includes the
overall seƩlement FC debt share, excluding the borrower’s own debt, sFCz,షb,08. Both the currency of the loan, FCi, and the
local seƩlement FC exposure, sFCz,షb,08, raise the probability of default. The posiƟve effect of sFCz,షb,08 on loan i’s default rate is
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consistent with local financial spillovers through the negaƟve effect of FC debt on local employment and house prices. The
esƟmates imply that a borrower residing in a seƩlement at the mean level of local FC debt exposure is 2.6 percentage points
more likely to default, condiƟonal on her own foreign currency debt posiƟon, relaƟve to a borrower in a seƩlement with zero
local FC debt exposure.³¹

Figure 9
Financial Spillovers over Time
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Local currency borrowers Foreign currency borrowers.

Notes: This figure presents esƟmates of {ఉq} from

Defaultibzt ୀ ఈi ା ఊt ା ෍
qಯ2008Q3

ఉq(𝟏tసq ⋅ sFCz,షb,08) ା ෍
qಯ2008Q3

(𝟏tసq ⋅ Xibz)୻q ା ఢibzt ,

where the dependent variable is an indicator for whether loan i, held by borrower b, residing in seƩlement s is in default at Ɵme t. The specificaƟon is
esƟmated separately for local and foreign currency borrowers. Controls in Xibz are as in Table 7. Error bars represent 95 percent confidence intervals
computed from standard errors clustered at the subregion level.

Does local foreign currency exposure affect individuals that did not borrow in foreign currency? Columns 5 and 6 split the sample
of loans by borrowers who only have LC debt and borrowers who have at least one FC loan. Local exposure to the household
debt revaluaƟon, sFCz,షb,08, predicts a higher probability of default for both types of borrowers. The effect on LC borrowers in
column 5 suggests that borrowing in FC imposes negaƟve spillovers on individuals without FC debt. Despite the impact on
LC borrowers, the spillover effect is stronger for FC borrowers. FC borrowers are presumably more sensiƟve to local shocks
because the exchange rate depreciaƟon simultaneously impairs their own balance sheets. Figure 9 shows the dynamic effect
of local FC debt exposure on LC and FC borrowers, showing that the spillover effect appears to be highly persistent.

Finally, it is worth noƟng that when we include sFCz,షb,08×Post in the esƟmaƟng equaƟon, the esƟmate ofఉ1 declines by a modest
amount from 4.03 in column 1 to 3.99 in column 4. As we show formally using a simple staƟsƟcal model in Appendix 14, the
small decline in the coefficient suggests that local-level selecƟon on unobservables must be small. The reason is that local-level
unobserved selecƟon would be captured in sFCz,షb,08. Therefore, if an unobserved local-level variable that affects both FCi and
default were an important component of the variaƟon in FCi, the esƟmate of ఉ1 would decline substanƟally when controlling
for sFCz,షb,08 . This small decline in the esƟmate of ఉ1 is reassuring, as it also suggests that omiƩed variable bias in the esƟmate
of ఉ2 is limited.

³¹ Gupta (2016) shows evidence of foreclosure spillovers through an informaƟon channel or peer effects. The spillovers in Gupta (2016) dissipate
beyond a 0.1 mile radius and therefore do not appear to be driven by a local demand externality. Huber (2018) presents evidence that bank lending
contracƟons can have negaƟve spillover affects on other local firms through negaƟve demand spillovers.
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8 Household and Firm Foreign
Currency Debt

Since the LaƟn American and East Asian crises of the 1990s, several studies have found that firm FC indebtedness leads to a fall
in business investment and a higher probability of bankruptcy aŌer a devaluaƟon. Prior to the forint depreciaƟon in late-2008,
48 percent of Hungarian non-financial firm debt was denominated in FC. This raises two quesƟons. First, are the determinants
of FC borrowing similar for households and firms? Second, in a currency crisis, does it maƩer whether it is households or firms
that have FC debt exposure?

Unlike households, in this seƫng, firms with FC debt are strongly posiƟvely selected. Appendix Table 26 shows that firms with
FC debt are larger, more producƟve, and more likely to be exporters.³² Moreover, three-fourths of firm FC debt is in euro, which
corresponds to the primary invoicing currency for exports, as the euro area is the main desƟnaƟon for Hungarian exports. In
contrast, 97 percent of household FC debt is in Swiss franc, but household income and assets in Swiss franc are negligible. In
addiƟon, firm FC financing started already in the mid-1990s and was a more mature market by the 2000s. These differences
in the determinants of household and firm FC borrowing explain why household and firm FC debt shares are uncorrelated
across space, as we saw in Table 3. Table 27 confirms that this holds across the firm size distribuƟon. This implies that the
contracƟonary effect of the household debt revaluaƟon channel is not explained by firm FC debt.

Do firm balance sheet effects play a complementary role in the currency crisis? Table 8 presents regressions similar to equaƟon
(6) for various firm-level outcomes on a firm’s FC debt share in 2008 and the local household FC debt share in 2008. Columns
1 and 2 reveal that firms with a higher fracƟon of debt denominated in FC reduce their investment aŌer the depreciaƟon.
However, columns 3 through 5 show that firms with FC debt experience stronger growth in sales, value added, and employment.
One explanaƟon for why firm with FC debt exposure do not experience declines in sales and employment is that these firms are
more producƟve and have beƩer growth opportuniƟes. These firms therefore temporarily cut back on investment following a
balance-sheet shock, but retain their employees in anƟcipaƟon of stronger growth in the future.³³ Household FC debt exposure,
meanwhile, predicts a decline in all firm outcomes.

While the euro is themain currency denominaƟon for foreign currency business loans, a substanƟal fracƟon of firms also borrow
in Swiss franc. Appendix Table 28 explores the evoluƟon of firm outcomes, separaƟng firms by the currency denominaƟon of
foreign currency debt. We decompose the overall firm FC debt share into the Swiss franc (CHF) share and the euro (EUR) share
of total debt. The forint depreciated substanƟally more against the Swiss franc (44 percent from 2008 to 2010) than the euro (15
percent). Therefore, one might expect the investment and employment declines to be larger for firms with a greater proporƟon
of FC debt in Swiss franc. Appendix Table 28 confirms this intuiƟon. RelaƟve to firms with debt in euro, firms with debt in Swiss
franc see stronger declines in investment, and weaker sales, output, and employment growth around the depreciaƟon. These
results are consistent with a stronger negaƟve balance sheet effect for firms with Swiss franc debt than firms with euro debt.
Nevertheless, in contrast to the effect of household FC debt exposure, firms with Swiss franc debt do not perform worse in the
crisis compared to firms without FC debt for all outcomes except investment.

³² Salomao and Varela (2016) also find that Hungarian firms with FC debt are more producƟve and have a higher share of revenues from exports.

³³ Endrész and Harasztosi (2014) and Salomao and Varela (2016) find similar negaƟve effects of foreign currency exposure on firm investment around
the forint exchange rate depreciaƟon. Salomao and Varela (2016) also find that firms with foreign currency debt had stronger sales growth and did
not have higher exit rates following the exchange rate depreciaƟon. Salomao and Varela (2016) present a model in which more producƟve firms
select into cheaper but riskier FC financing to grow more quickly.
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HOUSEHOLD AND FIRM FOREIGN CURRENCY DEBT

Table 8
Firm FC Debt, Household FC Debt, and Firm-Level Outcomes

Log
Invest.

Invest./
Capital

Log
Sales

Log Real
Val. Added

Log
Empl.

(lr)2-2(lr)3-3(lr)4-4(lr)5-5(lr)6-6 (1) (2) (3) (4) (5)

Firm FC debt share × Post -38.5 -16.6 9.91 10.2 4.21

(2.44) (1.31) (1.14) (1.10) (0.49)

HH FC debt share, sFCz08 × Post -32.9 3.68 -14.3 -18.9 -9.38

(16.7) (4.06) (7.42) (7.70) (2.82)

Exporter × Post 11.8 1.97 5.73 5.21 3.87

(1.99) (0.74) (1.61) (1.02) (0.51)

Firm and Year FE Yes Yes Yes Yes Yes

Firm Controls Yes Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes Yes

R2 0.052 0.047 0.037 0.064 0.067

Number of Firms 66263 66267 66267 66259 66267

ObservaƟons 418239 463869 463869 461860 463869

Notes: This table presents firm-level regressions comparing the effects of local household FC debt and firm FC debt on the evoluƟon of firm outcomes
around the late-2008 forint depreciaƟon. The dependent variables are log investment (column 1), the investment-to-lagged capital raƟo (columns
2), log firm sales (column 3), log firm real value added (column 4), and log firm employment (columns 5). The firm FC debt share is measured in 2007.
The number of observaƟons in column 1 is lower than in column 2, as investment can be negaƟve in the NAV data. Investment-to-capital is winsorized
at the 5Ǧǚ and 95Ǧǚ percenƟles due to outliers caused by very low levels of measured capital. Firm controls are as in Table 6, but we also control for
firm export status, as indicated. SeƩlement controls refer to the “Baseline controls” and “Credit quality controls.” All controls are interacted with
Postt. Standard errors are clustered at the subregion level (175 units).
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9 Conclusion

Foreign currency lending to households was widespread in Europe prior to the 2008 financial crisis. This led to severe increases
in debt burdens when domesƟc currencies depreciated sharply against funding currencies including the Swiss franc. Using data
at the household and local level from Hungary, we trace the effects of a sudden, large-scale revaluaƟon of household foreign
currency debt burdens on household defaults, durable spending, local economic acƟvity, and house prices.

ExploiƟng spaƟal variaƟon in exposure to foreign currency debt, we find that a revaluaƟon in household debt burdens increases
household financial distress and sharply reduces local consumpƟon, employment, and house prices. Employment losses are
driven by firms reliant on local demand. The esƟmates imply that a $29,000 (2008 PPP) increase in per-period debt service
destroys one job-year. This translates into a peak cross-secƟonal output mulƟplier on debt service of 1.67 aŌer two years.
In addiƟon, we find negaƟve spillover effects of local household foreign currency debt on nearby borrowers without foreign
currency debt. Our results are broadly consistent with recent models emphasizing demand and pecuniary externaliƟes of
foreign currency financing.

Our results have several interesƟng policy implicaƟons. First, we provide an empirical raƟonale for macro-prudenƟal policies
to limit leverage. The case for prudenƟal policy is parƟcularly strong for risky financing, such as foreign currency borrowing by
agents without a natural hedge against exchange rate risk. Second, our results imply that monetary policy faces a dilemma in
a crisis in economies with foreign currency debt, as highlighted by Lorenzoni (2014). When foreign currency leverage is high, it
becomes counterproducƟve to sƟmulate external demand by depreciaƟng the exchange rate because a weaker exchange rate
deteriorates private-sector balance sheets. This may help explain why policymakers in emerging markets may have a “fear of
floaƟng” (Calvo and Reinhart (2002)), as pointed out by de Ferra et al. (2019). By using informaƟon on the foreign currency
exposures of both households and firms, our results indicate that the debt revaluaƟon channel is parƟcularly strong when
households have foreign currency debt.
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10 Appendix Tables and Figures

Table 9
AddiƟonal Survey Evidence on CharacterisƟcs of LC and FC Borrowers

FC LC Non-borr.
FC-LC

Difference
Borr.-non-borr.

Difference

Mean/s.d. Mean/s.d. Mean/s.d. b/t b/t

Primary 0.18 0.33 0.31 -0.15 -0.06

(0.38) (0.47) (0.46) (-4.41) (-2.76)

VocaƟonal 0.32 0.35 0.30 -0.03 0.03

(0.47) (0.48) (0.46) (-0.77) (1.27)

High school 0.34 0.21 0.28 0.13 0.00

(0.48) (0.41) (0.45) (3.86) (0.03)

College 0.16 0.11 0.11 0.05 0.03

(0.37) (0.32) (0.31) (1.87) (1.86)

HH income in 2778.53 2703.11 2228.05 75.43 515.34

2009 (1000 HUF) (1365.64) (1377.13) (1191.66) (0.70) (7.84)

Employed 0.60 0.51 0.36 0.08 0.19

(0.49) (0.50) (0.48) (2.15) (7.64)

ReƟred/student 0.30 0.37 0.53 -0.07 -0.23

(0.46) (0.48) (0.50) (-1.89) (-8.42)

Age 41.43 44.59 53.34 -3.16 -10.44

(13.38) (15.32) (18.49) (-2.85) (-12.89)

HH size 3.40 3.41 2.62 -0.01 0.78

(1.35) (1.60) (1.48) (-0.05) (10.07)

ObservaƟons 365 331 1137 696 1833
Notes: This table is similar to Table 2, but uses data from a separate individual-level survey with informaƟon on loan currency denominaƟon. In
parƟcular, this table presents average individual-level characterisƟcs of local currency borrowers (LC), foreign currency borrowers (FC), and non-
borrowers from the February 2010 wave of the Tarki Household Monitor, a household survey. Foreign currency borrowers are individuals who report
having posiƟve loan payments in foreign currency. Local currency borrowers are individuals who report having posiƟve loan payments, but zero
foreign currency loan payments. Non-borrowers are individuals who report having no loan payments.
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Table 10
IniƟal Banking Density and Household Foreign Currency Debt

(1) (2) (3) (4)

DTI 08 LC DTI 08 FC DTI 08
HH FC debt
share, sFCz08

Log branch density in 1995 -0.040 0.059 -0.099 -0.11

(0.082) (0.037) (0.062) (0.035)

Baseline Controls Yes Yes Yes Yes

Credit Quality Controls Yes Yes Yes Yes

Export Exposure Controls Yes Yes Yes Yes

Industry Employment Shares Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes

R2 0.33 0.35 0.25 0.35

ObservaƟons 2538 2538 2538 2538
Notes: This table presents regressions of various measures of households’ debt porƞolios in September 2008 on the log retail banking density in
1995. Banking density is defined as the number of bank branches per capita. SeƩlements with a higher iniƟal banking density (of domesƟc banks)
have lower overall debt-to-income in 2008 (column 1), higher debt-to-income in local currency (column 2), lower debt-to-income in foreign currency
(column 3), and therefore a lower share of debt in foreign currency (column 4). ObservaƟons are weighted by 2007 populaƟon. Standard errors are
clustered at the subregion level (175 units).
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Table 11
Correlates of AlternaƟve Measures of Household FC Debt Exposure

Panel A: Household debt revaluaƟon to income, ୼෦dIncz

Right-hand-side variable Coefficient S.E. R2 N

Debt to disposable income, 2008:9 15.336 1.352 0.640 2538

Log disposable income per capita, 2007 2.134 1.004 0.021 2538

Log populaƟon, 2007 0.074 0.124 0.002 2538

Share of populaƟon age 18-59, 2007 15.061 6.248 0.008 2538

VocaƟonal educaƟon share -1.440 4.633 0.000 2538

High school share 12.315 5.078 0.037 2538

College share 4.299 4.211 0.007 2538

Unemployment rate, 2007 -21.628 6.415 0.057 2538

Household default rate, 2008:9 -26.188 9.963 0.005 2538

Firm default rate, 2008:Q3 0.987 1.431 0.000 2538

House price growth, 2003-07 1.541 1.696 0.003 2538

House price growth, 2005-07 0.136 1.883 0.000 2538

LTV -22.151 6.060 0.025 2538

Change in LTV, 2004-05 to 2007-08 -1.338 3.271 0.000 2538

Export sales share, 2007 -2.297 1.174 0.018 2538

Export sales per capita, 2007 -45.821 29.142 0.012 2538

Log sales-employment raƟo, 2007 -0.421 0.339 0.005 2538

Corporate FC indebtedness, 2008, sFC,Firmz08 -0.588 1.158 0.001 2538

Manufacturing employment share, 2007 -1.338 1.328 0.006 2538

ConstrucƟon employment share, 2007 9.304 2.777 0.026 2538

Agriculture employment share, 2007 -4.355 1.170 0.020 2538
Notes: The table presents regressions of alternaƟvemeasures of household foreign currency debt exposure on various seƩlement level characterisƟcs:

[HH FC Debt Exposure]z ୀ ఈ ା ఉxz ା uz .

In Panel A, the measure of exposure is the household debt revaluaƟon to income, from 2008 to 2010, defined in equaƟon (4). In Panel B, the measure
of exposure is the mortgage FC debt share in September 2008. ObservaƟons are weighted by 2007 populaƟon. Standard errors are clustered at the
subregion level.
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Table 12
Correlates of AlternaƟve Measures of Household FC Debt Exposure (cont.)

Panel B: Mortgage FC debt share, September 2008
Right-hand-side variable Coefficient S.E. R2 N

Debt to disposable income, 2008:9 -0.043 0.019 0.009 2538

Log disposable income per capita, 2007 0.014 0.021 0.002 2538

Log populaƟon, 2007 0.005 0.001 0.013 2538

Share of populaƟon age 18-59, 2007 -0.239 0.170 0.004 2538

VocaƟonal educaƟon share -0.034 0.136 0.000 2538

High school share 0.064 0.090 0.002 2538

College share -0.013 0.097 0.000 2538

Unemployment rate, 2007 0.010 0.142 0.000 2538

Household default rate, 2008:9 -0.218 0.321 0.001 2538

Firm default rate, 2008:Q3 0.070 0.043 0.002 2538

House price growth, 2003-07 0.081 0.042 0.017 2538

House price growth, 2005-07 -0.034 0.046 0.002 2538

LTV 0.139 0.145 0.002 2538

Change in LTV, 2004-05 to 2007-08 0.011 0.088 0.000 2538

Export sales share, 2007 -0.006 0.030 0.000 2538

Export sales per capita, 2007 0.148 0.609 0.000 2538

Log sales-employment raƟo, 2007 0.018 0.011 0.016 2538

Corporate FC indebtedness, 2008, sFC,Firmz08 0.048 0.032 0.013 2538

Manufacturing employment share, 2007 -0.015 0.034 0.001 2538

ConstrucƟon employment share, 2007 -0.058 0.053 0.002 2538

Agriculture employment share, 2007 -0.063 0.034 0.008 2538
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Table 14
Robustness: Household Debt RevaluaƟon Shock in the Cross SecƟon from 2008 to 2010

Panel A: ୼Defaultz (1) (2) (3) (4)

HH debt revaluaƟon, ୼෥dz 0.26 0.17

(0.031) (0.024)

HH debt to inc. revaluaƟon, ୼෦dIncz 0.051 0.11

(0.014) (0.019)

R2 0.078 0.28 0.011 0.28

ObservaƟons 2538 2538 2538 2538

Panel B: ୼Log New Auto Reg.z (1) (2) (3) (4)

HH debt revaluaƟon, ୼෥dz -4.22 -1.65

(0.76) (0.46)

HH debt to inc. revaluaƟon, ୼෦dIncz -0.69 -1.33

(0.39) (0.38)

R2 0.044 0.36 0.0043 0.36

ObservaƟons 2538 2538 2538 2538

Panel C: ୼Unemp. ratez (1) (2) (3) (4)

HH debt revaluaƟon, ୼෥dz 0.093 0.060

(0.026) (0.024)

HH debt to inc. revaluaƟon, ୼෦dIncz 0.024 0.037

(0.012) (0.013)

R2 0.022 0.18 0.0055 0.18

ObservaƟons 2538 2538 2538 2538

Baseline Controls Yes Yes

Credit Quality Controls Yes Yes

Export Exposure Controls Yes Yes

Industry Employment Shares Yes Yes

Region FE (7 units) Yes Yes
Notes: This table shows that themain seƩlement level results are robust to using the household debt revaluaƟon shockmeasures defined in equaƟons
(3) and (4). The regressions are esƟmated using cross-secƟonal differences from 2008 to 2010. ObservaƟons are weighted by 2007 populaƟon.
Standard errors are clustered at the subregion level (175 units).
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Table 18
Covariate Balance on the Propensity-Score Matched Sample

Treat. Mean Control Mean Treat.-Control
Diff.

t-stat. for Diff. Norm. Diff.

[1.5ex] Debt to disposable income, 2008:9 0.63 0.61 0.02 0.92 0.05

Log disposable income per capita, 2007 13.47 13.49 -0.02 0.25 -0.05

Log populaƟon, 2007 8.77 8.76 0.01 0.01 0.00

Share of populaƟon age 18-59, 2007 0.61 0.61 0.00 0.97 0.08

Share of populaƟon older than 60, 2007 0.22 0.21 0.00 1.00 0.07

VocaƟonal educaƟon share 0.23 0.22 0.01 0.46 0.10

High school share 0.24 0.24 0.00 0.06 0.01

College share 0.10 0.11 -0.01 0.52 -0.14

Unemployment rate, 2007 8.27 7.21 1.06 1.20 0.16

Default rate, 2008:9 1.11 1.13 -0.02 0.14 -0.01

Firm default rate, 2008:Q3 6.34 5.54 0.80 1.67 0.08

LTV 0.62 0.61 0.00 0.98 0.08

Change in LTV, 2004-05 to 2007-08 0.06 0.06 0.00 0.16 0.02

House price growth, 2003-07 31.10 26.58 4.51 1.64 0.19

House price growth, 2005-07 16.14 15.25 0.89 0.36 0.04

[1.5ex]

Notes: This table presents the covariate balance for the propensity-score matched sample. Treatment and Control seƩlements are defined as those
in the top and boƩom quarƟles of the household FC debt share in September 2008. For each variable X, the normalized difference is defined following
Imbens and Wooldridge (2009) as XTషXC

ටS2TశS
2
C

, where XT and XC are the treatment and control sample means, and S2
T and S2

C are the variances of X in the

treatment and control samples.
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Table 19
Robustness: Propensity Score Matching Based on Top and BoƩom QuarƟle of Household FC Debt Exposure

OLS PS-Matched Sample

(lr)2-3(lr)4-7 Panel A: Default (1) (2) (3) (4) (5) (6)

Treatment × Post 1.89 1.09 1.18 1.11

(0.22) (0.19) (0.29) (0.20)

HH FC debt share, sFCz08 × Post 6.30 4.94

(1.11) (0.82)

R2 0.44 0.84 0.41 0.81 0.41 0.81

ObservaƟons 48440 48440 29148 29148 29148 29148

Panel B: New Auto Reg. (1) (2) (3) (4) (5) (6)

Treatment × Post -23.8 -10.4 -18.6 -10.1

(3.74) (2.58) (6.05) (2.58)

HH FC debt share, sFCz08 × Post -77.5 -45.8

(23.7) (10.5)

R2 0.71 0.83 0.69 0.82 0.69 0.82

ObservaƟons 12110 12110 7287 7287 7287 7287

Panel C: Unemployment Rate (1) (2) (3) (4) (5) (6)

Treatment × Post 0.44 0.35 0.38 0.27

(0.18) (0.14) (0.16) (0.12)

HH FC debt share, sFCz08 × Post 1.66 1.23

(0.63) (0.46)

R2 0.55 0.62 0.52 0.59 0.52 0.59

ObservaƟons 12110 12110 7287 7287 7287 7287

SeƩlement and Time FE Yes Yes Yes Yes Yes Yes

Baseline Controls Yes Yes Yes

Region FE (7 units) Yes Yes Yes

Credit Quality controls Yes Yes Yes

Export Exposure Controls Yes Yes Yes

Industry Employment Shares Yes Yes Yes
Notes: This table examines the robustness of the main seƩlement level results when matching seƩlements in the top and boƩom quarƟle of exposure
using propensity score matching. Treatment in an indicator variable that equals one for seƩlements in the top quarƟle of exposure based on sFCz08
and zero for seƩlements in the boƩom quarƟle of exposure. Columns 1 and 2 report OLS regressions as in equaƟon (1) Treatment as the measure
of exposure. Column 3-6 esƟmate the regressions on the propensity-score matched sample. The sample is matched using our full set of controls.
Columns 5 and 6 use the conƟnuous measure of treatment, sFCz08, on the matched sample. Standard errors are clustered at the subregion level (175
units).
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Table 21
Robustness: Firm Employment Regressions Controlling for Lagged Employment Growth andWeighƟng by Log Employment

Panel A: Lagged Employment Growth Control

All Firms
Non-

Exporters Exporters
Non-

Tradable

(lr)2-2(lr)3-3(lr)4-4(lr)5-5 (1) (2) (3) (4)

HH FC debt share, sFCz08 × Post -8.05 -8.77 -1.48 -10.9

(2.74) (3.03) (6.76) (5.00)

Lagged growth rate × Post 0.35 0.34 0.45 0.35

(0.0064) (0.0082) (0.016) (0.012)

Firm and Year FE Yes Yes Yes Yes

Firm-level Controls Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes

Region (7 units) FE Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes

R2 0.094 0.10 0.098 0.11

ObservaƟons 463869 373352 90517 117327

Panel B: Log Employment Weights

All Firms
Non-

Exporters Exporters
Non-

Tradable

(lr)2-2(lr)3-3(lr)4-4(lr)5-5 (1) (2) (3) (4)

HH FC debt share, sFCz08 × Post -8.86 -10.5 -2.52 -10.1

(3.45) (3.90) (7.54) (6.14)

Firm and Year FE Yes Yes Yes Yes

Firm-level Controls Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes

Region (7 units) FE Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes

R2 0.065 0.075 0.059 0.075

ObservaƟons 463869 373352 90517 117327
Notes: This table shows that the firm employment growth esƟmates in Table 6 are robust to controlling for firm-level lagged employment growth
(Panel A) and to weighƟng observaƟons by 2007 log firm employment (Panel B). Lagged employment growth is computed from 2006 to 2007. Panel
B weights by log employment instead of the level of employment because the firm size distribuƟon is highly skewed, so the mean and variance of the
level weights are not necessarily finite. Standard errors are clustered at the subregion level (175 units).
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Table 22
Household Debt RevaluaƟon to Income and Firm Employment

All Firms
Non-

Exporters Exporters
Non-

Tradable

(lr)2-2(lr)3-3(lr)4-4(lr)5-5 (1) (2) (3) (4)

HH debt to inc. revaluaƟon × Post -0.18 -0.23 0.16 -0.20

(0.071) (0.081) (0.21) (0.13)

Firm and Year FE Yes Yes Yes Yes

Firm-level controls Yes Yes Yes Yes

SeƩlement controls Yes Yes Yes Yes

Region (7 units) FE Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes

R2 0.066 0.073 0.057 0.076

ObservaƟons 463869 373352 90517 117327
Notes: This table is similar to Table 6, but uses the household debt revaluaƟon relaƟve to income from 2008 to 2010 defined in equaƟon (4) as
the measure of the household foreign currency debt shock. The dependent variable is log firm employment. Standard errors are clustered at the
subregion level (175 units).

Table 23
Household Debt RevaluaƟon and Firm Employment: Controlling for Bank Credit Supply Shocks

(1) (2) (3) (4)

HH FC debt share, sFCz08 × Post -8.52 -6.81 -10.1 -9.77

(3.81) (3.76) (3.34) (3.35)

Firm and Year FE Yes Yes Yes Yes

Bank FE Yes Yes

Firm-level Controls Yes Yes

SeƩlement Controls Yes Yes

Region (7 units) FE Yes Yes

2-Digit Industry FE Yes Yes

R2 0.92 0.92 0.92 0.92

Number of Firms 66267 66267 66267 66267

ObservaƟons 775533 775533 775533 775533
Notes: This table presents regressions at the firm-year-bank relaƟonship level to control for unobserved Ɵme-varying bank lending shocks. The
specificaƟon is

୪୬(Eibt) ୀ ఈi ା ఊt ା ఋbank,Post ା ఉ(sFCz08Postt) ା (XiPostt)୻F ା (XzPostt)୻S ା ఢibt .
The dependent variable is log firm employment. ఈbank,Post is a bank by Postt fixed effect that absorbs Ɵme-varying bank-relaƟonship-specific shocks.
Controls are as defined in Table 6, and all controls are interacted with Postt. To recover the firm-level esƟmates, observaƟons are re-weighted by the
inverse of a firm’s total number of relaƟonships. A firm is assumed to have a banking relaƟonship if it has a relaƟonship in 2006, 2007, or 2008. We
also include a separate fixed effect interacted with Postt for firms without a banking relaƟonship. One-tenths of firms have no banking relaƟonship,
48 percent of firms have exactly one banking relaƟonship, and the remaining 42 percent of firms have two or more relaƟonship. Standard errors are
dually clustered on bank idenƟfier and subregion (175 units).
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Table 24
Labor Market Adjustment: Wages and MigraƟon

Log Payroll
Per Worker

Log Nominal
Wages

In-MigraƟon
Rate

(lr)2-3(lr)4-5(lr)6-7 (1) (2) (3) (4) (5) (6)

HH FC debt share, sFCz08 × Post -3.07 -4.13 7.18 7.27 0.0055 0.0063

(3.40) (3.64) (4.63) (5.64) (0.0032) (0.0027)

Unit of Obs. Firm Firm SeƩl. SeƩl. SeƩl. SeƩl.

Year FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes

SeƩlement FE Yes Yes Yes Yes

Firm Controls Yes

2-Digit Industry FE Yes

SeƩlement Controls Yes Yes Yes

Region (7 units) FE Yes Yes Yes

R2 0.027 0.033 0.63 0.64 0.0013 0.074

ObservaƟons 461682 461682 8321 8321 17488 17488
Notes: This table presents esƟmates of the effect of household FC debt exposure on wages and the in-migraƟon rate. There is limited evidence of a
gradual downward adjustment in wages following the debt revaluaƟon shock, and no evidence of an increase in out-migraƟon. Payroll per worker
is total payroll expenses divided by the number of employees in the firm-level census data (NAV). Nominal Wages refers to the seƩlement average of
residualized hourly wages mulƟplied by 100, esƟmated from the worker-level Structure of Earnings Survey. The in-migraƟon rate is the seƩlement
in-migraƟon to populaƟon raƟo. ObservaƟons in columns 3-6 are weighted by 2007 populaƟon. Standard errors are clustered at the subregion level
(175 units).

Table 25
Household Debt RevaluaƟon and Housing Markets

Log Median
House Prices

Log Hedonic
House Prices

New Housing
Units Per

1000 Inhabitants

(lr)2-3(lr)4-5(lr)6-7 (1) (2) (3) (4) (5) (6)

HH FC debt share, sFCz08 × 12009ష10 -34.0 5.97 -13.1 -5.32 3.15 0.30

(6.25) (6.70) (9.51) (8.14) (0.99) (0.94)

HH FC debt share, sFCz08 × 12011ష12 -51.2 -7.09 -31.6 -18.9 7.31 3.82

(9.15) (7.80) (10.8) (9.13) (0.98) (0.85)

Baseline Controls Yes Yes Yes

Credit Quality Controls Yes Yes Yes

Export Exposure Controls Yes Yes Yes

Industry Employment Shares Yes Yes Yes

Region FE (7 units) Yes Yes Yes

R2 0.39 0.49 0.13 0.23 0.24 0.29

ObservaƟons 17766 17766 12690 12690 17760 17760
Notes: This table explores the connecƟon between household foreign currency exposure and housing markets. The dependent variable in columns 1
and 2 is the logmedian house price index. Columns 3 and 4 use the hedonic house price index (Figure 8 shows the esƟmates over Ɵme for both indices).
House price indexes are measured at the subregion level. The dependent variable in columns 5 and 6 is the number of new housing units relaƟve
per 1000 inhabitants. Variables 𝟏2009ష10 and 𝟏2011ష12 equal one in year 2009-10 and 2011-12, respecƟvely, and zero otherwise. ObservaƟons are
weighted by 2007 populaƟon. Standard errors are clustered at the subregion level (175 units).
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Table 26
Determinants of Firm Foreign Currency Financing

Right-hand-side variable Coefficient S.E. R2 N

[1.5ex] Log employment, 2007 0.032 .001 0.019 66267

Log sales per worker, 2007 0.020 .001 0.006 66267

Employment growth, 2004-07 0.024 .002 0.002 61448

Export sales share, 2007 0.146 .011 0.009 66267

Exporter 0.071 .007 0.010 66267

Manufacturing 0.045 .003 0.004 66267

[1.5ex]

Notes: This table presents firm-level univariate regressions of a firm’s foreign currency debt share on various firm characterisƟcs:

(Firm FC debt share)i08 ୀ ఈ ା ఉxi ା ui .

Standard errors are clustered at the subregion level (175 units).

Table 27
Household and Firm FC Debt Exposure by Firm Size

All
Firms

Small
(3 to 9)

Medium
(10 to 50)

Large
(ஹ 51)

(lr)2-2(lr)3-3(lr)4-4(lr)5-5 (1) (2) (3) (4)

HH FC debt share, sFCz08 0.041 0.056 0.0093 -0.0050

(0.034) (0.030) (0.054) (0.11)

R2 0.000090 0.00019 0.0000041 0.00000092

ObservaƟons 66267 47015 15443 3809
Notes: This table reports the correlaƟon between firm foreign currency debt share against the local seƩlement household FC debt share. Standard
errors are clustered at the subregion level (175 units).

Figure 10
Consensus Forecasts of the HUF-EUR Exchange Rate
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Notes: The figure plots the expected depreciaƟon of the Hungarian forint (HUF) relaƟve to the euro (EUR) from Consensus Forecasts, a survey of
professional forecasters. Exchange rate expectaƟons are reported at the one and two year horizons. The verƟcal line represents September 2008.
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Table 28
Firm FC Debt and Firm-Level Outcomes: ExploiƟng VariaƟon across Swiss Franc and Euro Exposure

Log
Invest.

Invest./
Capital

Log
Sales

Log Real
Val. Added

Log
Empl.

(lr)2-2(lr)3-3(lr)4-4(lr)5-5(lr)6-6 (1) (2) (3) (4) (5)

Firm CHF share × Post -36.9 -12.8 1.88 2.00 1.18

(2.95) (1.58) (1.34) (1.28) (0.72)

Firm EUR share × Post 11.2 -3.03 11.4 12.8 4.59

(4.95) (1.14) (2.97) (3.23) (1.91)

HH FC debt share, sFCz08 × Post -31.4 3.25 -14.7 -18.6 -7.57

(16.9) (4.13) (7.37) (7.66) (2.82)

Exporter × Post 17.4 3.88 3.42 4.21 0.14

(1.40) (0.50) (0.97) (0.74) (0.44)

Firm and Year FE Yes Yes Yes Yes Yes

Firm Controls Yes Yes Yes Yes Yes

SeƩlement Controls Yes Yes Yes Yes Yes

Region FE (7 units) Yes Yes Yes Yes Yes

2-Digit Industry FE Yes Yes Yes Yes Yes

R2 0.052 0.047 0.036 0.063 0.023

Number of Firms 66263 66267 66267 66259 66267

ObservaƟons 418239 463869 463869 461860 463869
Notes: This table is similar to Table 8 but it separates the firm FC debt share in 2008 into two components: the Swiss franc (CHF) share and the euro
(EUR) share. Both shares are measured in 2008. We include the small fracƟon of dollar debt as part of the CHF share. The dependent variables are
log investment (column 1), the investment-to-lagged assets raƟo (columns 2), log firm sales (column 3), log firm real value added (column 4), and log
firm employment (columns 5). The firm FC debt share is measured in 2008. SeƩlement controls refer to the “Baseline controls” and “Credit quality
controls.” All controls are interacted with Postt. Standard errors are clustered at the subregion level (175 units).

Figure 11
Macroeconomic Context

[Current Account to GDP raƟo (%)] [Components of GDP] [ConsumpƟon] [Unemployment Rate ]
[Real House Price Index ]

Notes: This figure presents the evoluƟon of key macroeconomic aggregates up to and aŌer the October 2008 forint depreciaƟon.
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Figure 12
EsƟmates over Time without Controls
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Notes: This figure presents esƟmates of {ఉk} from equaƟon (2) for various outcomes without control variables. ObservaƟons are weighted by 2007
populaƟon. Error bars represent 95 percent confidence intervals computed from standard errors clustered at the subregion level.

Figure 13
Placebo Test: 1998 Russian Financial Crisis
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Notes: This figure uses the second half of the 1990s as a placebo sample. Figure 11 shows that unemployment in Hungary rose around the 1998
Russian Financial Crisis, and then subsequently recovered. This figure presents esƟmates of the following specificaƟon for the period 1995-2001,
where 1997 is the omiƩed year,

uzt ୀ ఈz ା ఊt ା ෍
kಯ1997

ఉk{sFCz08 ⋅ 𝟏kసt} ା ఢzt .

For the late 1990s placebo sample the coefficients {ෞఉy} are precisely esƟmated and not significantly different from zero. ObservaƟons are weighted
by 2007 populaƟon. Error bars represent 95 percent confidence intervals computed from standard errors clustered at the subregion level.
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11 Data Appendix

11.1 HOUSEHOLD CREDIT REGISTRY AND OTHER CREDIT MARKET DATA
The Hungarian Household Credit Registry records informaƟon on all loans granted to households starƟng in April 2012. This
allows us to observe loan informaƟon for all loans that are outstanding in April 2012 or later and loan repayment in all months
thereaŌer. In order to construct a measure of households’ balance sheet exposure to the depreciaƟon, we reconsƟtute the
credit registry back to January 2000 using informaƟon on the originaƟon date, originated amount, loan type, currency, and
variable interest rate. We have interest rates at the bank-product level, where product includes loan type (mortgage, home
equity loan, auto loan, etc.), maturity, and currency.³⁴

With this informaƟon we use an annuity formula to impute the monthly payment and remaining balance for each loan in the
credit registry. Specifically, for each loan i in currency c of type k originated at Ɵme t0 with maturity m and remaining periods
n ୀ t0 ା m ି t ା 1, we denote the imputed values of the monthly payment and remaining loan balance as෦Pit and෦Dit. These
are computed as

෦Pit ୀ෦Dit ቆ
1 ି Rషnckmbt

Rckmbt ି 1ቇ
ష1

෦Dit ୀ෧Di,tష1 ⋅ Rckmb,tష1 ି Pi,tష1, Dit0 ୀ෦Dit0 given as originated amount,

where Rckmbt is the average monthly gross interest rate charged by bank b for that specific loan product (currency, loan type,
maturity at issuance) in period t. This formula thus computes the sequence of payments and loan balances that we would
observe in the absence of default, assuming that loan i pays the average variable rate charged by bank b for that loan product.
We do not believe that the assumpƟon that loans remain current is severe drawback for this methodology because default
rates were very low before the 2008 crisis (see Figure 16).³⁵

11.1.1 ACCURACY OF THE IMPUTATION WITHIN THE CREDIT REGISTRY
As a first test of the accuracy of the annuity model, Figure 14 plots binned bivariate means of the imputed and actual loan
balances in December 2012. Panel (a) plots the binned means for all mortgage and home equity loans in our sample, and
panels (b)-(d) presents subsamples by currency. On average our imputaƟon performs well: most bins lie on or very close to the
45-degree line. The imputed balances slightly underesƟmate the true balances, which may be explained partly by loans falling
into arrears during the crisis. Note that since default rates increased substanƟally in the crisis, our approximaƟon is likely to be
more accurate in earlier years, closer to the Ɵme of originaƟon and before the sharp upƟck in defaults.

To provide a sense of the goodness of fit, Table 29 reports regressions of the true loan balance on the imputed balance in
2012:12. The table shows that the R2 for the regression of the true balance on the imputed balance in 83 percent for all loans,
and lies between 80-96 percent for various subsets of loans. The coefficient on the slope is naturally biased downward from
unity because of classical measurement error in෦Dit, and similarly the coefficient on the constant is biased upward since the
average loan balance is posiƟve.

³⁴ Note that the credit registry does not report interest rates at the loan level. Instead, we draw on interest rate informaƟon from a separate database
maintained by the NaƟonal Bank of Hungary, which reports the average monthly interest rate across different loan products charged by banks
operaƟng in Hungary.

³⁵ StaƟsƟcs from the NaƟonal Bank of Hungary show that the fracƟon of non-performing loans was below 1 percent for both local currency loans and
foreign currency housing loans in 2008Q3.
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Figure 14
ValidaƟon of ImputaƟon Procedure: Binned Bivariate Means of Imputed and Actual Loan Balance in 2012
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Notes: This figure plots binned bivariate means (binscaƩer) of imputed and actual loan balances in 2012:12 using 50 quanƟles. The imputed loan
balance is modeled using an annuity formula using loan-level informaƟon on the originated amount, Ɵme of originaƟon, and bank-by-product specific
interest rate to constructmonthly interest payments, amorƟzaƟon, and remaining loan balance. The figure shows that on average the imputed values
line on or near the 45-degree line and are thus close to the true values.

Table 29
Regressions of True Loan Balance in 2012:12 on Imputed Balance

Dependent variable: true balance in 2012:12, ୪୬(Dit)
(lr)2-8 (1) (2) (3) (4) (5) (6) (7)

Imputed balance, ୪୬(෦Dit) 0.873 0.890 0.840 0.871 0.916 0.835 0.930

(0.00039) (0.00048) (0.00067) (0.00053) (0.0010) (0.00060) (0.0020)

Constant 1.942 1.672 2.471 2.088 1.290 2.411 1.259

(0.0059) (0.0072) (0.010) (0.0082) (0.016) (0.0089) (0.030)

Sample All Mortgage
Home
equity CHF EUR HUF JPY

R2 0.833 0.849 0.802 0.866 0.915 0.793 0.947

ObservaƟons 1002891 618714 384177 414899 74106 501142 12735

Notes: This table presents regressions of the log true loan balance in 2012:12 on the log imputed loan balance in 2012:12. Standard errors are
reported in parentheses.

11.1.2 MISSING LOANS AND COMPARISON WITH AGGREGATE FINANCIAL
ACCOUNTS

A concern arising from the fact that the credit registry starts in early 2012 is that some loans that were outstanding in late 2008
may not exist in early 2012, leading us to mis-measure a region’s exposure to the depreciaƟon. To provide an impression of
the credit registry’s coverage of outstanding balances over Ɵme, Figure 15 presents a comparison of the aggregate outstanding
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housing debt in the Household Credit Registry reconsƟtuted back to 2000 and the “true” aggregate from the flow of funds
(Financial Accounts), reported by the NaƟonal Bank of Hungary. The Financial Accounts are constructed from bank balance
sheet data and measure all outstanding debt by loan type and currency.

Figure 15
Comparison of Imputed Aggregate Debt and Financial Accounts
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All Housing Loans Aggregate Separately by Currency
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Aggregate Separately by Loan Type Foreign Currency Share of Housing Debt
Notes: This figure compares outstanding housing credit aggregates from Financial Accounts data published by MNB (the “true” credit aggregate)
and credit aggregates computed from the Household Credit Registry using the imputaƟon procedure described in the text. The verƟcal line represents
the month for which our exposure variable is computed (September 2008). Panel (a) compares the naƟonal aggregate for all mortgage and home
equity loans, while panels (b) and (c) present sub-aggregates by currency and loan type. The figures show that our imputaƟon procedure captures
a substanƟal (over 80 percent) fracƟon of outstanding balances in 2008:9. However, prepayments from the 2011 Early Repayment Program means
that we fail to account for about 23 percent of outstanding FC debt (measured as of 2011:10, immediately before the program). Panel (d) shows that
the aggregate foreign currency share in the imputed data is similar but lower than the true aggregate share (62.7 percent compared to a true value
of 69.1 percent in 2008:9).

Figure 15 reveals that the imputed aggregate matches the Ɵme series behavior of the true aggregate closely, although, as
expected, our measure shows a lower level of outstanding credit. In parƟcular, we account for 80.5 percent of total outstanding
housing debt and 73.0 percent of foreign currency housing debt in September 2008 (panels (a) and (b)). Panel (b) shows that
we match the aggregate level of local currency debt almost perfectly by September 2008. The shorƞall in our imputed series
thus comes from missing FC debt. As a result, panel (d) shows that in September 2008 the aggregate share of foreign currency
debt is 62.7 percent in the imputed series compared to 69.1 percent in the Financial Accounts.

There are three potenƟal reasons for this shorƞall in FC loans: the 2011 Early Repayment Program for FC loans, short maturiƟes
and repayment, and other forms of prepayment and refinancing. It turns out the 2011 Early Repayment Program explains most
of the shorƞall.
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11.1.3 COMPARISON OF DEFAULTS FROM THE CREDIT REGISTRY AND MNB
AGGREGATE STATISTICS

The household default registry records informaƟon on all default spells starƟng in 2010, and it contains the last default spell
before 2010 for each loan. For example, if a loan originated in January 2006 enters into default in January 2007, is cured in
June 2007, and enters into default again in June 2008, then we observe the default spell from June 2008, but not the spell from
January to June 2007. Default is recorded when cumulaƟve payments exceeding on month’s full-Ɵme minimum wage are at
least 90 days in arrears. Since the default registry contains informaƟon on default spells prior to 2010, we extend the default
indicator back to 2006. Given that we only observe the last default, the credit registry potenƟally underesƟmates defaults prior
to 2010.

Figure 16
Aggregate Default Rates from the Credit Registry and MNB Financial Stability StaƟsƟcs
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LC Home Equity Default Rate FC Home Equity Default Rate
Notes: This figure compares household default rates from the Household Credit Registry with MNB’s aggregate non-performing loan rates from the
Financial Stability StaƟsƟcs (“Aggregate”). The Financial Stability StaƟsƟcs measure is based on informaƟon reported directly from bank balance
sheets to MNB and does not rely on the Household Credit Registry. This measure is available from 2008 onward.

Figure 16 compares the aggregate default rate by currency and loan type from the credit registry with aggregate non-performing
loan rates from MNB’s Financial Stability StaƟsƟcs. The non-performing loan rates from the Financial Stability StaƟsƟcs are
reported to MNB by all banks operaƟng in Hungary and is not based on informaƟon in the credit registry. Non-performing
loans are defined as loans that are at least 90 days in arrears. The aggregate non-performing loan rates from MNB are available
starƟng in 2008, so we cannot cross-validate the credit registry default measure prior to 2008.

The figure shows that aggregate default rates esƟmated from the credit registry track the aggregate non-performing loan rates
reported directly by banks across loan types and currencies. The excepƟon is LC home equity loans in panel (c). However,
local currency home equity loans are a small segment of the market. For example, local currency home equity loans are only
2.0 percent of total home equity debt and 0.6 percent of total housing debt in September 2008. Therefore, overall the credit
registry captures the increase in credit risk as reported from bank balance sheets. Note that this also suggests that missing
loans do not substanƟally distort average credit quality captured by the credit registry.
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11.1.4 EARLY REPAYMENT PROGRAM OF 2011

The primary reason for the FC housing debt shorƞall in the Household Credit Registry relaƟve to the financial accounts is that
21.3 percent of outstanding FC debt (15.9 percent of total debt) was prepaid in late 2011 through an Early Repayment Program
(ERP). The ERP allowed borrowers to repay FC loans in full at a discount on market exchange rates of approximately 25 percent,
with the majority of losses imposed on lenders.³⁶ The program explains the sharp fall in aggregate FC debt in late 2011 along
with a rise in LC debt as some borrowers refinanced into LC loans (Figure 15).

Because the 2011 ERP required that borrowers repay the FC loan in full, it disproporƟonately benefited borrowers with higher
income or liquid wealth, as well as more creditworthy borrowers who could finance the repayment with a new LC loan.³⁷ If
these determinants of parƟcipaƟon in the program are correlated with shocks to the local economy and to FC exposure, our
esƟmates will be biased unless we appropriately account for this selecƟon. For example, high income regions where borrowers
are more likely to parƟcipate in the ERP may also be less exposed to business cycle shocks, leading us to overesƟmate the effect
the foreign currency debt shock. We address this potenƟal selecƟon in several ways.

First, in the main analysis we control for seƩlement disposable income per capita, as income is expected to be a key determinant
of parƟcipaƟon in the 2011 ERP. As we describe in secƟon 5, the esƟmates are reasonably similar when controlling for income
(see Table 13), which indicates that any systemaƟc mis-measurement of sFCz08 induces at most a modest bias in the esƟmates.

In addiƟon, we take three different approaches to explicitly correct our measure of FC exposure for loans that are not in the
credit registry because of the 2011 ERP. We refer to these as ERP Adjustments #1, #2, and #3. The first two approaches draw
on addiƟonal loan-level informaƟon, while the third approach presents simulaƟons under assumpƟons about parƟcipaƟon in
the ERP across seƩlements.

ERP Adjustment #1 (Three-banks dataset). The first approach draws on a separate loan level dataset for three
of the largest banks in Hungary. The data includes all loans originated starƟng in 2004 (and thus virtually all FC loans to house-
holds), so it covers almost all loans that were prepaid through the 2011 Early Repayment Program for these three banks. These
three banks have a combined market share of 24 percent of total consumer lending, and this database captures 34.4 percent
of the debt that prepaid through the ERP.

We use this dataset to construct a seƩlement-level esƟmate of the amount of debt that was prepaid through the 2011 ERP for
every other bank in the sample. Let x3b

z be the fracƟon of the three banks’ housing debt that is repaid in seƩlement z, x3b be
the overall fracƟon that is repaid for the three banks, and xb be the overall fracƟon of debt that is repaid for any other bank b.
With these three observable objects, the aim is to recover the fracƟon of bank b’s debt that is repaid in z, xbz, for the remaining
banks. We assume that this variable can be approximated as follows

xbz ୀ x3b
z ቆ xb

x3b ቇ . (8)

That is we scale the average ERP propensity for the three banks in z with aggregate ERP propensity of bank b relaƟve to the
three banks. Thus, a bank that has a higher aggregate fracƟon of its debt repaid in the ERP relaƟve to the three banks is also
assumed to have a higher propensity in a given seƩlement.

With xbz the bank-seƩlement prepaid amount is reconstructed asෟDprepaid
bz ୀ xbz

1షxbz
DFC
bz . With the imputed prepaymentෟDprepaid

zb we
calculate the implied debt level in September 2008 assuming a representaƟve Swiss franc loan for each bank-seƩlement that
was originated in March 2007, in the middle of the FC credit boom.³⁸ Summing over all banks in z gives us a measure of the

³⁶ The discount varied by currency denominaƟon and ranged from 20-36 percent.
³⁷ The program did not facilitate refinancing into loans in domesƟc currency, and banks acƟvely avoided granƟng loans that would allow borrowers to

parƟcipate in the ERP. In 2013 the Hungarian CompeƟƟon Authority fined 11 major financial insƟtuƟons for colluding to limit the full prepayment of
foreign currency loans.

³⁸ We choose March 2007 based on the average month of originaƟon for prepaid loans issued by the three banks for which we have complete data.
Two-thirds of prepaid loans are mortgages and one-third are HE loans, so we use a weighted average of the bank-product interest rate for the
representaƟve loan.
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September 2008 loan balance for ERP parƟcipants in seƩlement z,ෟDprepaid
z08 . We then simply adjust the foreign currency share

of total housing debt for this term:

෦sFCz08 ୀ
∑c ℰ

c
08D

∗c
z08 ା ℰchf

08
ෟDprepaid

z08

Dz08 ା ∑c∈C ℰ
c
08D

∗c
z08 ା ℰchf

08
ෟDprepaid

z08

. (9)

ERP Adjustment #2 (LC Refinancing). The second method draws on informaƟon contained in the volume of LC
debt originaƟon in a seƩlement around the Ɵme of the 2011 Early Repayment Program. Refinancing into LC loans accounts for
33.0 percent of the parƟcipaƟon in the 2011 ERP (approximately HUF 349.4 bn),³⁹ so the volume of refinancing provides an
alternaƟve indicaƟon of how intensively households parƟcipated in the program in a given area.

To construct a measure of ERP prepayment based on refinancing, we assume that all LC loans originated in the fourth quarter
of 2011 were FC loans originated before September 2008 that were refinanced in the ERP. Figure 17 shows that there is a spike
in originaƟons in 2011Q4 during ERP window. The volume of new issuance in surrounding months is low, so it is reasonable
assume that all loans originated in this period were refinancing loans to take advantage of the ERP. We scale up the refinanced
debt in each seƩlement so that it accounts for the enƟre 2011 ERP. This assumes that debt that was repaid is proporƟonal to the
amount that was refinanced. Note that method #2 explicitly targets aggregate, unlike ERP Adjustment #1. With an esƟmate
of the prepaid debt in seƩlement z we model the loan balance in September 2008 using a representaƟve Swiss franc loan
and assuming a monthly interest rate equal to the average interest rate set by the eight major banks in Hungary. The foreign
currency share variable is then adjusted as in method #1.

Figure 17
Number of New Housing Loan OriginaƟons
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Notes: This figure shows the number of new housing loan originaƟons per month. The figure illustrates the sharp spike in new originaƟons around
the ERP window, reflecƟng an increase in local currency loan issuance used to prepay foreign currency loans through the ERP.

Table 30
Aggregate Prepayment in 2011 Early Repayment Program

Prepaid debt in 2011 ERP (bn HUF) 1,135

Imputed prepayment #1 1,058

Imputed prepayment (targets aggregate) #2 1,135

³⁹ To arrive at this number we assume that all new LC loans originated in 2011:11-2012:2 minus the average of the originated amount in 2011:10 and
2012:3 are used in the ERP. We scale originated value up by 38.05 percent to reflect the 27.5 percent discount on the market exchange rate.
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Table 31
CorrelaƟon of ERP ParƟcipaƟon across ERP Adjustment Methods

ERP
Adj.
#1

ERP
Adj.
#2

Bank 1
xBank,1z

Bank 2
xBank,2z

Bank 3
xBank,3z

ERP Adj. # 1 1.00

ERP Adj. # 2 0.05 1.00

Bank 1, xBank,1z 0.35 0.25 1.00

Bank 2, xBank,2z 0.23 0.37 0.19 1.00

Bank 3, xBank,3z 0.26 0.33 0.16 0.20 1.00

ObservaƟons 2538
Notes: This table presents the correlaƟon matrix for various esƟmates of parƟcipaƟon in the 2011 Early Repayment Program. ERP Adj. #1 refers to
the share of foreign currency debt that is prepaid in a seƩlement according to the esƟmate from the Three-banks dataset. ERP Adj. #2 is defined
similarly, but where prepaid debt is esƟmated using the volume of local currency refinancing. Variables xBank,jz , for j ୀ 1, 2, 3, are defined as the share
of foreign currency debt prepaid in seƩlement z for a bank j, where bank j is one of the three anonymous banks in the Three-banks dataset.

Performance of ERP Adjustments #1 and #2. Table 30 compares the aggregate prepayment through the
ERP with the prepayment implied by methods #1 and #2. Method #1 matches the aggregate level closely, with HUF 1,058bn
compared the target of HUF 1,135bn, or 3.7bn euros. Recall that method #2 mechanically matches the aggregate.

Figure 18
Early Repayment Program Adjustment and Aggregate FC Debt
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Notes: This figure compares aggregate FC housing debt in the flow of funds (Financial Accounts) against aggregate FC housing debt in the credit
registry when we adjust the credit registry using ERP adjustments #1 and #2. The figure illustrates that the ERP adjustments account for most of the
missing debt in the credit registry.

Figure 18 shows the impact of the ERP adjustment on aggregate FC debt. With the imputaƟon we account for 95 percent of
total debt in September 2008 (with method #1), and the imputed aggregate for all methods tracks the level of outstanding FC
debt closely. This implies that four-fiŌhs of the FC debt shorƞall in the Household Credit Registry is explained by the ERP.

Table 31 presents a correlaƟon matrix of various esƟmates of ERP parƟcipaƟon propensity at the seƩlement level. The share of
debt prepaid according ERP Adjustments #1 and #2 are posiƟvely correlated, but the correlaƟon is low at only 0.05. The share of
debt prepaid at the bank level for the banks in the Three-banks dataset is more strongly posiƟvely correlated across seƩlements.
This implies that, for example, in local areas where customers of bank 1 had a higher repayment propensity, customers of bank
2 and 3 also had higher propensity to parƟcipate in the ERP. This supports the assumpƟon behind ERP Adjustment #1, namely
that repayment propensiƟes are higher for other banks in a seƩlement with high ERP propensity for the three banks.
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We also obtained data on the total prepayment for each bank in our sample, and Figure 19 plots the predicted prepayment
for method #1 against the true value for the eight major banks in Hungary, (i.e.ෟDprepaid

b ୀ ∑zෟD
prepaid
zb and Dprepaid

b ). Our simple
non-parametric in method #1 yields an R2 of 90.1 percent.

Figure 19
Method #1 Predicted and Actual 2011 Early Repayment Program Debt ReducƟon by Bank

Notes: This figure plots the amount of debt prepaid through the 2011 Early Repayment Program for the 8 major banks, the savings cooperaƟves, and
the rest of the banks against the predicted amount using ERP Adjustment #1.

Figure 20 compares the original and ERP-adjusted foreign currency debt shares, sFC and෦sFC. As expected, the adjustment raises
the FC share in all seƩlements, and more so in seƩlements with a lower original share. The correlaƟon between the original
and the two adjusted measures is high (0.873 and 0.961 for ERP Adjustments #1 and #2, respecƟvely).

Effect of Controlling for the Early Repayment Program on the Main Results. Table 32 presents
robustness tests for the main results using the two adjusted foreign currency exposure variables. The point esƟmates are
reasonably similar to the baseline esƟmates. The esƟmates for the adjusted variables tend to be slightly lower (especially for
Adjustment #2). While the standard errors increase, the main results retain their staƟsƟcal significance.

ERP Adjustment #3 (SimulaƟon approach). The third approach to assess the robustness of the main results
to accounƟng for debt missing due to the Early Repayment Program is to allocate debt across seƩlements based on a simple
formula. Specifically, we assume that the amount of debt prepaid in seƩlement z is given by

Dprepaid,ചx
z ୀ C(xz)ചxPopz,07, (10)

where xz is seƩlement characterisƟc that captures ability to prepay, such as disposable income per capita or the college share,
ఢx is the elasƟcity of prepayment with respect to xz, Popz,07 is seƩlement populaƟon in 2007, and C is a constant that we adjust
so that the sum of the allocated prepaid debt sums to the aggregate amount prepaid through the ERP. Note that an elasƟcity
ఢx ୀ 0 implies that prepaid debt is allocated proporƟonally to seƩlement populaƟon. AŌer allocaƟng debt according to (10),
we adjust the foreign currency debt share as in ERP Adjustment method #1.

What is a reasonable value for the elasƟcity ఢx? A useful starƟng point is the elasƟcity of esƟmated ERP prepayment from
methods #1 and #2. Table 33 presents esƟmates of these elasƟciƟes. These esƟmates imply an elasƟcity of about 0.4 to 1.9
with respect to disposable income per capita and 0.1 to 1.1 with respect to educaƟon. We will consider a full range of elasƟciƟes
from ି5 to 5, and will focus on elasƟciƟes between 0 and 2 as our preferred values.
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Figure 20
Original and ERP Adjusted FC Debt Shares
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Notes: This figure plots binned bivariate means (binscaƩer) of the foreign currency debt share adjusted for the Early Repayment Program against the
original FC share (sFCz08).

Figure 21 presents the results of reesƟmaƟng the key regressions in Tables 4 and 5 using the the adjusted household FC debt
share. We present esƟmates with and without our full set of controls. Panels (a)-(c) present the esƟmates where xz equals
disposable income per capita, and panels (d)-(f) present the esƟmates where xz is the college share. Each point is the esƟmate
when the household FC debt share, sFCz,08 is adjusted according to allocaƟon rule (10) with a given elasƟcity.

For negaƟve elasƟciƟes, the esƟmates are generally not highly sensiƟve to the ERP adjustment. For posiƟve elasƟciƟes the
esƟmates decline in magnitude as the elasƟcity rise. The auto registraƟon esƟmate is the most sensiƟve to the adjustment,
and the unemployment esƟmate the least sensiƟve. For reasonable income elasƟciƟes of around 0 to 2, the esƟmates are
within the ranges reported in the baseline results in Tables 4 and 5. For example, the unemployment esƟmates are around 2 in
panel (c) and slightly below 2 in panel (f), values not too different from the baseline esƟmate of 1.65 in Table 5. The esƟmates
with controls are generally also more robust to the adjustment, since the control variables capture part of any selecƟon bias
aƩributed to missing data (based on this parametric allocaƟon rule).

11.1.5 SHORT MATURITIES AND REPAYMENT

Another potenƟal source of measurement error is that loans may have short maturiƟes or come due before April 2012, but
be outstanding around the depreciaƟon. We do not believe this is a serious concern from the perspecƟve of our study for the
following reasons. First, our study focuses on housing-related obligaƟons (mortgage and home equity loans). These are long-
dated, with a median maturity at originaƟon of 20 years for mortgages and 15 years for home equity loans. Aggregate credit
series from MNB reveal that the fracƟon of housing loans with maturity shorter than 5 years in September 2008 is 1.69 percent,
and the average of this fracƟon from January 2000 to September 2008 is 2.41 percent. Second, any short-term loan that would
be fully repaid in this 3.5 year period would likely have a low remaining balance in the run-up to the crisis and not represent a
significant exposure to the depreciaƟon. Third, since mortgage lending took off from a very low iniƟal level in 2000, the number
of housing loans that would be expected to be reƟred between 2008:9 and 2012:3 is a small fracƟon of the aggregate. And
finally, we are able to match the aggregates series quite closely by accounƟng for the 2011 Early Repayment Program.
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Table 32
Robustness of Main Results to Missing Data Adjustments

Panel A: Default

ERP Adj. #1 (3-Banks) ERP Adj. #2 (Refinance)

(lr)2-3(lr)4-5 (1) (2) (3) (4)

HH FC debt share × Post 8.25 6.13 7.93 4.23

(1.17) (0.75) (1.09) (0.75)

Full SeƩlement Controls Yes Yes

R2 0.84 0.87 0.84 0.87

ObservaƟons 71064 71064 71064 71064

Panel B: New Auto RegistraƟons

ERP Adj. #1 (3-Banks) ERP Adj. #2 (Refinance)

(lr)2-3(lr)4-5 (1) (2) (3) (4)

HH FC debt share × Post -72.1 -45.7 -83.3 -32.2

(18.2) (8.83) (14.8) (8.33)

Full SeƩlement Controls Yes Yes

R2 0.81 0.83 0.81 0.83

ObservaƟons 17766 17766 17766 17766

Panel C: Unemployment

ERP Adj. #1 (3-Banks) ERP Adj. #2 (Refinance)

(lr)2-3(lr)4-5 (1) (2) (3) (4)

HH FC debt share × Post 1.53 1.33 1.90 1.17

(0.87) (0.51) (0.81) (0.51)

Full SeƩlement Controls Yes Yes

R2 0.60 0.65 0.60 0.65

ObservaƟons 17766 17766 17766 17766
Notes: The table presents esƟmate of the baseline results in secƟon 5 of the paper with the adjusted household foreign currency debt sharemeasures.

11.1.6 SETTLEMENT LOAN-TO-VALUE ESTIMATES

The Household Credit Registry does not report loan-to-value raƟos at the loan level. However, individual banks do report
the volume of yearly originaƟons across loan-to-value bins by loan currency denominaƟon to the NaƟonal Bank of Hungary.
Using this informaƟon, we compute the originaƟon volume weighted average LTV by currency, bank, and year of originaƟon,
LTVcbt. We then construct a seƩlement-level LTV prior to the depreciaƟon as the loan volume weighted average of LTVcbt from
2004 through 2008. We also construct the change in the seƩlement-level average LTV between 2004-05 and 2007-08 to capture
changes in LTV at originaƟon over the credit expansion. This measure allows us to control for LTV differences across seƩlements
that are driven by variaƟon across bank-currency-year of originaƟon dimensions. However, it does not capture variaƟon within
these dimensions across seƩlements. For example, it would not capture variaƟon in LTVs that would arise if a specific bank had
different lending policies for foreign currency loans across regional bank branches.

11.2 WAGE ESTIMATES FROM THE STRUCTURE OF EARNINGS SURVEY

The Structure of Earnings Survey (SES) is conducted annually by the NaƟonal Employment Service and samples 6 percent of
Hungarian employees, recording informaƟon on their income in May. Firms with 5-20 employees are randomly sampled from
the census of enterprises and report informaƟon on all employees. All large firms with at least 20 employees are required to
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Table 33
ElasƟcity of Imputed ERP Debt Prepayment with Respect to Income and EducaƟon

Panel A: Income ElasƟcity

ERP Adj. #1 (Three-Banks) ERP Adj. #2 (Refinance)

(lr)2-3(lr)4-5 (1) (2) (3) (4)
Log ERP

per Capita Log ERP
Log ERP

per Capita Log ERP

Log disp. inc. per cap. 0.41 0.68 1.95 1.89

(0.069) (0.072) (0.076) (0.079)

Log populaƟon 0.76 1.06

(0.017) (0.015)

R2 0.015 0.50 0.30 0.75

ObservaƟons 2535 2535 2050 2050

Panel B: College Share ElasƟcity

ERP Adj. #1 (Three-Banks) ERP Adj. #2 (Refinance)

(lr)2-3(lr)4-5 (1) (2) (3) (4)
Log ERP

per Capita Log ERP
Log ERP

per Capita Log ERP

Log college share 0.10 0.35 1.03 1.06

(0.035) (0.040) (0.039) (0.043)

Log populaƟon 0.73 0.97

(0.019) (0.015)

R2 0.0037 0.50 0.32 0.75

ObservaƟons 2529 2529 2050 2050
Notes: This table presents regressions of the log of esƟmated debt prepaid through the ERP on disposable incomemeasures (panel A) and the college
share (panel B).

report informaƟon on a 10 percent random sample of employees based on employee date of birth. See Harasztosi and Lindner
(2019) for a detailed descripƟon of the SES.

We esƟmate composiƟon adjusted wages at the seƩlement level in the following manner. In each year, we run the following
regression separately for men and women

୪୬(Wit) ୀ ఈt ା Xit୻t ା ఔit,

whereWit is worker i’s nominal hourly wage (total wage compensaƟon divided by total hours) and Xit is a vector of five-year age
dummies (with 41-45 as the omiƩed category) and educaƟon dummies (with high school as the omiƩed category). We then
exponenƟate the residual plus the constant to obtain the composiƟon adjusted wage,෦Wit ୀ eෞഌitశෞഀt and compute the average
of ෦Wit in each seƩlement. This procedure yields esƟmated wage series for about one-third of the seƩlements in our sample
that cover 87.8 percent of the populaƟon. With reported hours we also compute the average monthly hours in a seƩlement,
condiƟonal on employment.
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Figure 21
Impact of ERP Adjustment #3 on Baseline Model EsƟmates
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Notes: This figure illustrates how our main regression results are affected by adjusƟng the household FC debt share for debt prepaid through the ERP
using the allocaƟon rule in equaƟon (10). Specifically, each point is a point esƟmate of ఉ from

Yzt ୀ ఈz ା ఊt ା ఉ(sFC,ചz,08 Postt) ା XzPostt୻ ା ఢzt .

The x-axis varies the elasƟcity ఢx, which affects the allocaƟon of prepaid debt and thus sFC,ചxz,08 . Dashed lines represent 95 percent confidence intervals.
The “No controls” esƟmate correspond to column 1 in Table 4, and the “Controls” esƟmate corresponds to our full set of controls in column 3 of Table
4.
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Figure 22
Impact of ERP Adjustment #3 on Baseline Model EsƟmates (cont.)
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12 ConsumpƟon Response to Debt
RevaluaƟon

12.1 PERMANENT INCOME CONSUMER

A permanent income consumer of the form first studied by Hall (1978) has a consumpƟon funcƟon

ct ୀ ିrdt ା
r

1 ା r

ಮ

෍
jస0

Et[ytశj]
(1 ା r)j

. (11)

In this model, the dt represents one period debt, yt is income in period t, and Et is the expectaƟon condiƟonal on informaƟon
available in t. The consumer is assumed to have quadraƟc uƟlity and a discount rate equal to the interest rate r. An unanƟci-
pated, zero probability debt revaluaƟon shock ୼dt, thus leads to a decline in consumpƟon of r୼dt.

12.2 HAND-TO-MOUTH CONSUMER

A hand-to-mouth (HtM) consumer simply consumes her per period resources. Therefore, the consumpƟon response to a debt
revaluaƟon is simply the change in per period debt service. As a result, the maturity of the debt exposed to revaluaƟon affects
the magnitude of the consumpƟon response.

Consider an annuity loan of amount d, interest rate r, maturity m, and per period debt service of P. The value of the debt can
then be wriƩen as a finite geometric series

d ୀ
m

෍
jస1

P

(1 ା r)j
ୀ P

1 ା r

mష1

෍
jస0

1
(1 ା r)j

, (12)

which has the soluƟon

d ୀ P
1 ି (1 ା r)షm

r
. (13)

The per period debt payment is then

P ୀ d
r

1 ି (1 ା r)షm . (14)

As maturity goes to infinity, m → ஶ, the per period debt payment converges to P ୀ rD. Therefore, with infinite maturity debt,
the PI and HtM consumer have the same MPC out of an increase in debt of r. With debt due in one period, the payment is
P ୀ (1 ା r)D. The raƟo between the payment on finite maturity debt and the payment on a perpetual debt is

Pm
Pಮ

ୀ 1
1 ି (1 ା r)షm (15)

With an interest rate of 5 percent and a remaining maturity of 18 years, the average for housing loans prior to the 2008 forint
depreciaƟon, the payment is 1.7 Ɵmes larger with finite maturity debt relaƟve to infinite maturity debt. A HtM consumer would
therefore have a 1.7 Ɵmes stronger consumpƟon response to an increase in monthly payments compared to the PI consumer.
With an interest rate of 4 (7) percent this raƟo is 1.97 (1.42).
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13 Debt RevaluaƟon in an Open
Economy Model

13.1 MODEL SET-UP
This appendix presents a simple small open economy model that illustrates the contrasƟng expansionary and contracƟonary
effects of an unanƟcipated household debt revaluaƟon present in a broad class of neoclassical and New Keynesian models. We
model a region as an island small open economy in a conƟnuum of economies i ∈ [0, 1] following Galí and Monacelli (2005). To
provide simple analyƟcal results, we employ the recent conƟnuous Ɵme formulaƟon of Farhi and Werning (2017). We focus on
an unanƟcipated exchange rate shock at Ɵme t ୀ 0, which generates perfect foresight response from the iniƟal steady state.

Households. Household preferences are given by

න
ಮ

0
eషഐt ൥ C

1ష഑
t

1 ି ఙ ି N1శക
t

1 ାఝ൩ dt,

where consumpƟon is an aggregate of home and foreign goods

Ct ୀ ቈ(1 ି ఈ)
1
ആ C

ആష1
ആ

H,t ା ఈ
1
ആ C

ആష1
ആ

F,t ቉
ആ

ആష1

.

Home goods are an aggregate of a conƟnuum of varieƟes with elasƟcity of subsƟtuƟon ఢ

CH,t ୀ ቆන
1

0
CH,t(j)

ചష1
ച djቇ

ച
ചష1

.

The parameterఈ indexes the degree of home bias in consumpƟon. The foreign good is an aggregate of goods from each country
with elasƟcity of subsƟtuƟon ఊ. In turn, the consumpƟon good produced by country i is an aggregate of varieƟes produced
within i:

CF,t ୀ ቆන
1

0
C

ംష1
ം

i,t diቇ
ം

ംష1

, Ci,t ୀ ቆන
1

0
Ci,t(j)

ചష1
ച djቇ

ച
ചష1

.

Below we simplify and focus on the case where ఙ ୀ ఎ ୀ ఊ ୀ 1 (known as the Cole-Obsƞeld case), but we keep the notaƟon
general for now.

We follow Farhi and Werning (2017) and assume incomplete markets.⁴⁰ Specifically, to be consistent with our empirical seƫng,
the household has access to risk-free debt denominated in domesƟc and foreign currency. The budget constraint is

ℰtḊ∗t ା Ḋt ୀ ℰti∗tD∗t ା itDt ା PtCt ିWtNt ି Tt ି ஈt, t ஹ 0,

where Dt and D∗t are debt denominated in domesƟc and effecƟve foreign currency, and it and i∗t are the home and foreign
nominal interest rate.⁴¹ In the iniƟal steady state we have ℰ ୀ 1 and i ୀ i∗ ୀ ఘ.

Household opƟmality implies the following first order condiƟons for logged variables:

ఙct ାఝnt ୀ wt ି pt
ċt ୀ ఙష1(it ି గt ି ఘ)
ċt ୀ ఙష1(i∗t ି గt ି ఘ ା ė).

⁴⁰ Galí and Monacelli (2005) focus on the symmetric complete markets case, which simplifies the analysis by removing net foreign assets as a state
variable.

⁴¹ There is a conƟnuum of symmetric foreign countries. The foreign currency bond is denominated in the effecƟve spot exchange rate ℰ ୀ

ቀ∫1
0 ℰ

1షം
i diቁ

1
1షം .
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Firms. The producƟon funcƟon of the firm producing variety j in the home country is Yt(j) ୀ AHNt(j). Real marginal cost
in terms of domesƟc prices is given by MCt ୀ

1శഓ
AH

Wt

PH,t
, where ఛ is a employment subsidy that is set to offset the monopoly

distorƟon. Log real marginal cost is thus

mct ୀ ିఔ ା wt ି pH,t ି aH, ఔ ≡ ି ୪୬(1 ା ఛ). (16)

Firms set prices in producer currency in a staggered fashion and can reset prices with arrival rate ఘഃ.

Terms of Trade and Real Exchange Rate. It is useful to define and relate the terms of trade to the various price indexes in the

economy. The consumer price index in the home country is Pt ୀ ቂ(1 ି ఈ)P1షആ
H,t ା ఈP1షആ

F,t ቃ
1

1షആ , where the home producer price

index is the standard Dixit-SƟglitz aggregate over varieƟes j: PH,t ୀ ቀ∫1
0 PH,t(j)1షചdjቁ

1
1షച . Define the effecƟve terms of trade as

the price of foreign goods relaƟve to the price of home goods, St ୀ
PF,t
PH,t

, and the effecƟve real exchange rate as 𝒬t ୀ
ℰtP∗t
Pt

ୀ PF,t
Pt

,
given producer currency pricing.

Home CPI can be log-linearized as

pt ୀ (1 ି ఈ)pH,t ା ఈpF,t ୀ pH,t ା ఈst ⇒ గt ୀ గH,t ା ఈṡt. (17)

This allows us to relate the log terms of trade to the log real exchange rate

qt ୀ (1 ି ఈ)st.

ConsumpƟon Risk Sharing and Wealth Effects. We assume all foreign countries are symmetric. The Euler equaƟon for the
home country and country i imply an internaƟonal risk sharing condiƟon:

Ct ୀ ஀iCit𝒬
1
഑
i,t .

Taking logs and integraƟng over i gives us

ct ୀ ఏ ା c∗t ା
1
ఙ qt,

where ఏ ୀ ఏi ୀ ∫1
0 ఏ

idi and c∗t ≡ ∫1
0 citdi. ఏ is a term that depends on net foreign debt, and a debt revaluaƟon that increases

the home country’s net foreign debt lowers ఏ.

Goods Market Clearing. Using the standard CES demand funcƟons, the market clearing condiƟon for variety j is

Yt(j) ୀ CH,t(j) ା න
1

0
CiH,t(j)di

ୀ (1 ି ఈ)ቆPH,t(j)
PH,t

ቇ
షച

ቆPH,t
Pt
ቇ
షആ

Ct ା ఈන
1

0
ቆPH,t(j)

PH,t
ቇ
షച

ቆ PH,t
Ei,tP

i
F,t
ቇ
షം

ቆP
i
F,t
Pit
ቇ
షആ

Citdi

InserƟng this into the domesƟc output aggregator Yt ୀ ൬∫1
0 Yt(j)

ചష1
ച dj൰

ച
ചష1

, we have

Yt ୀ (1 ି ఈ)ቆPH,t
Pt
ቇ
షആ

Ct ା ఈන
1

0
ቆ PH,t
Ei,tP

i
F,t
ቇ
షം

ቆP
i
F,t
Pit
ቇ
షആ

Citdi

ୀ ቆPH,t
Pt
ቇ
షആ

൥(1 ି ఈ)Ct ା ఈCtන
1

0
ቆP

i
F,tEi,t
PH,t

ቇ
ംషആ

Q
ആష 1

഑
i,t ஀ష1

i di൩ .

Under the assumpƟon that ఙ ୀ ఊ ୀ ఎ ୀ 1 the goods market clearing condiƟon simplifies to

Yt ୀ CtS
ഀ
t ቂ(1 ି ఈ) ା ఈ஀ష1ቃ , (18)
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which can be log-linearized as

yt ୀ ct ା ఈst ି ఈఏ. (19)

Using the risk sharing condiƟon ct ୀ ఏ ା c∗t ା qt and the fact that qt ୀ (1 ି ఈ)st yields

yt ୀ c∗t ା st ା (1 ି ఈ)ఏ. (20)

An increase in ఏ increases demand for home output by (1 ି ఈ), the share on home goods.

Net Exports. Define net exports in terms of domesƟc output as nxt ୀ ቀ 1
Y
ቁ ൬Yt ି

Pt
PH,t

Ct൰. Log-linearizing and using that Sഀ ୀ
Pt/PH,t yields

nxt ୀ yt ି ct ି ఈst ୀ ିఈఏ,

where the last equality uses (19) and hence the assumpƟon of unitary elasƟciƟes of subsƟtuƟon. Therefore, when ఏ வ 0
(஀ வ 1) the home country can run trade deficits ofఈఏ in each period. The assumpƟon of unit elasƟciƟes simplifies the analysis
because it implies that the trade balance is constant.

IS EquaƟon. DifferenƟaƟng the market clearing condiƟon (19) with respect to Ɵme under the assumpƟon of unitary elasƟciƟes,
we have

ẏt ୀ ċt ା ఈṡt
SubsƟtuƟng out consumpƟon from the Euler equaƟon, ċt ୀ it ି గt ି ఘ, implies

ẏt ୀ it ି గt ି ఘ ା ఈṡ.

Finally, using (17), the dynamic IS equaƟon is

ẏt ୀ it ି గH,t ି ఘ.

Marginal Cost, Output, and Phillips Curve. To a first order approximaƟon, we can relate domesƟc output to domesƟc produc-
Ɵvity and employment as

yt ୀ aH ା nt.

Using this and other relaƟons, we can rewrite real marginal cost in (16) as

mct ୀ ିఔ ା (wt ି pt) ା (pt ି pH,t) ି aH (21)

ୀ ିఔ ା (1 ାఝ)yt ା ఈఏ ି (1 ାఝ)aH (22)

where we assume ఙ ୀ ఊ ୀ ఎ ୀ 1.

The natural level of output that obtains under flexible prices when mc ୀ ିఓ ୀ ୪୬ ቀ ച
ചష1

ቁ , is thus

ynt ୀ aH ା
ఔ ି ఓ
1 ାఝ ି ఈఏ

1 ାఝ . (23)

The deviaƟon from real marginal cost relaƟve to the iniƟal natural level (with ఏ ୀ 0) is

෦mct ୀ (1 ାఝ)෥yt ା ఈఏ. (24)

Calvo price seƫng implies that domesƟc inflaƟon dynamics are given by the New-Keynesian Phillips curve

గ̇H,t ୀ ఘగH, ି ఒ෦mct, ఒ ୀ ఘഃ(ఘ ା ఘഃ) (25)

which, using (24), can be rewriƩen as

గ̇H,t ୀ ఘగH, ି ఑෥yt ି ఒఈఏ, ఑ ୀ ఒ(1 ାఝ). (26)

IniƟal Flexible Price Steady State. In the iniƟal steady state ఏ ୀ 0. Moreover, we assume aH ୀ c∗ ୀ 0. From (20) and (23), the
natural level of output and terms of trade are simply yn ୀ 0, sn ୀ 0.
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13.2 CONSEQUENCES OF A HOUSEHOLD DEBT REVALUATION
We assume that in the iniƟal steady state the nominal exchange rate equals one, E ୀ 1. The household is long in domesƟc
currency assets and borrows in foreign currency, so debt in terms of output saƟsfies D̄∗ ା D̄ ୀ 0, D̄∗ வ 0.⁴² The economy is in
the natural allocaƟon with ఏ ୀ 0 and balanced trade.

At Ɵme zero there is ୼e percent depreciaƟon that raises debt to ୼eD̄∗ வ 0. This is the fundamental shock we study. The
increase in debt implies that the economy must run trade surpluses. Under the assumpƟon of unit elasƟciƟes of subsƟtuƟon,
the trade balance is constant and equals nx ୀ ିఈఏ. The country budget constraint therefore implies that net foreign debt
relaƟve to iniƟal output is ୼eD̄∗ ୀ ∫ಮ0 eష∫

t
0 isdsnxdt ୀ ∫ಮ0 eషഐtnxdt ୀ nx

ഐ . As a result, the debt revaluaƟon implies that the
wedge in the risk sharing condiƟon declines by

ఏ ୀ ିఘ୼eD
∗

ఈ .

This term has the intuiƟve property that the increase in debt is smoothed according to the rate at which the households can
borrow ఘ.

How does the exchange rate shock and associated debt revaluaƟon affect output and prices? We can trace the effect by solving
the following system:

గ̇H,t ୀ ఘగH,t ି ఑yt ା ఒఘ୼eD∗ (27)

ẏt ୀ it ି గH,t ି ఘ (28)

y0 ୀ ି1 ି ఈ
ఈ ఘ୼eD∗ ା ୼e. (29)

EquaƟon (27) is the standard New-Keynesian Phillips curve, adjusted for the wealth effect of the debt revaluaƟon. EquaƟon
(28) is the dynamic IS curve. Given that we think of the home economy as an independent region within a currency union, we
assume that it ୀ ఘ, so that domesƟc monetary policy does not react to the shock. EquaƟon (29) is the iniƟal goods market
clearing condiƟon. The nominal exchange rate enters the iniƟal condiƟon, as it jumps by ୼e, depreciaƟng the terms of trade,
but prices are sƟcky and hence evolve smoothly.⁴³

AnalyƟcal SoluƟon. We can write the system in (27)-(28) as Ẋt ୀ AXt ା Bt and apply the transformaƟon Zt ୀ Vష1Xt, where
Vష1AV ୀ D. Here V is the matrix of eigenvectors of A, and D is the diagonal matrix of eigenvalues of A:

A ୀ ൦
ఘ ି఑

ି1 0
൪ , D ୀ ൦

ఔ 0

0 ఔ
൪ , V ୀ ൦

ିఔ ିఔ

1 1
൪ , ఔ ୀ ఘ ା ඥఘ2 ା 4఑

2 , ఔ ୀ ఘ ି ඥఘ2 ା 4఑
2

The system we want to solve is then Ż ୀ DZ ା Vష1B, or

ż1 ୀ ఔz1 ା
ఒఘ୼eD∗
ఔ ି ఔ (30)

ż2 ୀ ఔz2 ା
ఒఘ୼eD∗
ఔ ି ఔ (31)

(32)

The general soluƟon is

z1t ୀ b1eഌt ି
ఒఘ୼eD∗
ఔ ି ఔ

1
ఔ (33)

z2t ୀ b2eഌt ି
ఒఘ୼eD∗
ఔ ି ఔ

1
ఔ , (34)

⁴² The assumpƟon that D̄∗ ା D̄ ୀ 0 is without loss of generality, as we can always redefine the iniƟal natural allocaƟon as one with a different wedge
in the consumpƟon risk sharing condiƟon.

⁴³ Empirically, the terms of trade moves significantly less than one for one with exchange rate shock. A weaker quanƟtaƟve effect of the exchange rate
channel through expenditure switching strengthens our idenƟfying assumpƟon, as it implies that the expenditure switching channel will also maƩer
less for output in the cross-secƟon of regions.
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where b1 and b2 are constants. We set b1 ୀ 0 for the saddle path stable soluƟon. Using Xt ୀ VZt, we can obtain the soluƟon
in terms of the original variables

Xt ୀ ൦
ିఔeഌtb2

b2eഌt ି
ഊഐ౴eD∗

ഌషഌ ቀ 1
ഌ ି

1
ഌቁ
൪ (35)

To obtain b2, we use the iniƟal condiƟon (29)

b2 ୀ ି1 ି ఈ
ఈ ఘ୼eD∗ ା ୼e ା ఒఘ୼eD∗

ఔ ି ఔ ቆ 1
ఔ ି 1

ఔቇ

The output response to the exchange rate shock is then:

yt ୀ ቆି1 ି ఈ
ఈ eഌt ି (1 ି eഌt) ఒ

ఔ ି ఔ ቆ
1
ఔ ି 1

ఔቇቇఘ୼eD
∗ ା ୼e ⋅ eഌt

yt ୀ ቆି1 ି ఈ
ఈ eഌt ା (1 ି eഌt) 1

1 ାఝቇఘ୼eD
∗ ା ୼e ⋅ eഌt

yt ୀ ఉt୼eD
∗ ା ఊt୼e (36)

and the response of domesƟc inflaƟon is

గH,t ୀ ିఔeഌt ቆି1 ି ఈ
ఈ ఘD∗୼e ି ఘ୼eD∗

1 ାఝ ା ୼eቇ .

The debt revaluaƟon channel tends to lower inflaƟon and depreciate the terms of trade, as demand falls and labor supply
expands.

The first channel on the right-hand-side of (36) is the household debt revaluaƟon channel. The debt-revaluaƟon can have
opposing expansionary supply and contracƟonary demand effects, captured by the different terms entering ఉt. An increase
in household debt lowers households’ wealth and consumpƟon, which leads households to boost labor supply, raising output.
With flexible prices, this labor supply effect dominates, and an increase in debt boosts output in the short run. At the same Ɵme,
the increase in the households’ real debt burden will depress consumpƟon and therefore demand. With nominal rigidiƟes, the
demand channel dominates in the short run, and the rise in real debt burdens depresses output through a demand effect.
EsƟmaƟon of ఉt, therefore, provides a test of flexible versus sƟcky price models.

The second channel on the right-hand-side of equaƟon (36) is the standard expenditure switching channel. The depreciaƟon
lowers the relaƟve price of home goods and thus increases the demand for home goods. The response in (36) highlights that
if households have currency mismatch, the expansionary effect of exchange rate depreciaƟon is dampened and may even be
reversed, posing a dilemma for monetary policy in a currency crisis.
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14 Financial Spillovers and
Unobserved SelecƟon

This secƟon presents a simple staƟsƟcal model of individual-level default. The model illustrates how comparison of the coeffi-
cient on FC from equaƟon (7) with and without controlling for sFC provides informaƟon on the degree of local-level unobserved
selecƟon.⁴⁴

14.1 SET-UP
Consider a borrower i in local area z. Borrower-level FC debt exposure, FCi, can equal zero or one. Assume borrower-level FC
debt exposure is driven by three factors. The first factor is unobserved credit risk qz at the local (seƩlement) level. The second
factor is a random local-level foreign currency exposure shiŌer, rz. The difference between qz and rz is that, unlike qz, rz does
not independently affect the probability of default. The third factor is an individual level iid shock. Local-level FC debt exposure,
excluding borrower i, is given by

sz,షi ୀ
1

Ni ି 1 ෍
j∈z,jಯi

FCj,

where Ni is the number of borrowers in a seƩlement. Finally, assume the probability of default is generated by the following
model

Yiz ୀ ఉFCFCi ା ఉssz,షi ା ఉqqz ା ఢiz, (37)

where ఢiz is an iid shock. Thus, default is determined by individual FC exposure (FCi), local FC exposure (sFCz,షi), and by unobserved
credit risk (qz) that is correlated with FCi and sz,షi. In this set-up, we abstract from individual-level selecƟon based on the result
that FC and LC borrowers are approximately similar at the individual level (see SecƟon 4.3).

14.2 SHORT AND INTERMEDIATE REGRESSIONS
Consider first esƟmaƟng the short regression, corresponding to column 1 in Table 7:

Yiz ୀ ఉ0 ା ఉFCFCi ା ఢiz (38)

which yields
෦ఉFC ୀ

ෞୡ୭୴(Y, FC)
ෞ୴ୟ୰(FC) ,

where we omit subscripts to lighten the notaƟon, and all variables are demeaned. We use ෞ୴ୟ୰ and ෞୡ୭୴ to refer to sample
variances and covariances and ୴ୟ୰ and ୡ୭୴ to refer to their populaƟon values. EsƟmaƟng the intermediate regression

Yiz ୀ ఉ0 ା ఉFCFCi ା ఉssz,షi ା ఢiz (39)

yields an esƟmate on FC of
ෞఉFC ୀ

ෞ୴ୟ୰(s) ෞୡ୭୴(FC, Y) ି ෞୡ୭୴(FC, s) ෞୡ୭୴(s, Y)
ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ି ෞୡ୭୴(FC, s)2

.

Our object of interest is the difference between the short and intermediate regression coefficients:

෦ఉFC ିෞఉFC ୀ
ෞୡ୭୴(Y, FC)
ෞ୴ୟ୰(FC) ି

ෞ୴ୟ୰(s) ෞୡ୭୴(FC, Y) ି ෞୡ୭୴(FC, s) ෞୡ୭୴(s, Y)
ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ି ෞୡ୭୴(FC, s)2

. (40)

We will show that this object contains informaƟon on the importance of local-level unobserved selecƟon driven by q.

⁴⁴ We thank David Matsa for poinƟng us in this direcƟon.
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14.3 EVALUATION OF෦𝛽FC −ෞ𝛽FC

The common denominator of (40) can be wriƩen as

D ୀ ෞ୴ୟ୰(FC)ቂ ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ି ෞେ୭୴(FC, s) ෞେ୭୴(FC, s)ቃ (41)

The numerator then becomes:

N ୀ ෞେ୭୴(Y, FC) ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ି ෞେ୭୴(Y, FC) ෞେ୭୴(FC, s) ෞେ୭୴(FC, s)
ି ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ෞେ୭୴(FC, Y) ା ෞ୴ୟ୰(FC) ෞେ୭୴(FC, s) ෞେ୭୴(Y, s)

N ୀ ෞେ୭୴(FC, s)ቂ ෞ୴ୟ୰(FC) ෞେ୭୴(Y, s) ି ෞେ୭୴(FC, s) ෞେ୭୴(Y, FC)ቃ.

Combining these yields

෦ఉFC ିෞఉFC ୀ
ෞେ୭୴(FC, s)
ෞ୴ୟ୰(FC) ×

ෞ୴ୟ୰(FC) ෞେ୭୴(Y, s) ି ෞେ୭୴(FC, s) ෞେ୭୴(Y, FC)
ෞ୴ୟ୰(FC) ෞ୴ୟ୰(s) ି ෞେ୭୴(FC, s) ෞେ୭୴(FC, s)

| {୸ }
A

(42)

Now consider taking the number of borrowers in z and the number of local areas z to infinity, Ni,Nz → ஶ. Consider the term
denoted by A. Using that

ෞୡ୭୴(Y, s) →p ఉFCୡ୭୴(FC, s) ା ఉs୴ୟ୰(s) ା ఉqୡ୭୴(q, s)
ෞୡ୭୴(Y, FC) →p ఉFC୴ୟ୰(FC) ା ఉsୡ୭୴(s, FC) ା ఉqୡ୭୴(q, FC),

we have that

A →p ఉs ା
ఉqቀ୴ୟ୰(FC) େ୭୴(q, s) ି େ୭୴(FC, s) େ୭୴(q, FC)ቁ

୴ୟ୰(FC)୴ୟ୰(s) ି େ୭୴(FC, s) େ୭୴(FC, s) .

SubsƟtuƟng back into (42), we obtain

෦ఉFC ିෞఉFC →p
େ୭୴(FC, s)
୴ୟ୰(FC) × ቌఉs ା

ఉqቀ୴ୟ୰(FC) େ୭୴(q, s) ି େ୭୴(FC, s) େ୭୴(q, FC)ቁ
୴ୟ୰(FC)୴ୟ୰(s) ି େ୭୴(FC, s) େ୭୴(FC, s) ቍ .

Using that ୡ୭୴(q, s) ୀ ୡ୭୴ ቀq, (Ni ି 1)ష1 ∑jಯi FCjቁ ୀ ୡ୭୴(q, FC), this simplifies to

෦ఉFC ିෞఉFC →p ఉs
େ୭୴(FC, s)
୴ୟ୰(FC) ା ఉq

େ୭୴(FC, q)
୴ୟ୰(FC) ቆେ୭୴(FC, s)୴ୟ୰(FC) ି େ୭୴(FC, s) େ୭୴(FC, s)

୴ୟ୰(FC)୴ୟ୰(s) ି େ୭୴(FC, s) େ୭୴(FC, s) ቇ

Focusing on the final term in parentheses, the law of total covariance implies

ୡ୭୴(FC, s) ୀ [ୡ୭୴(FCi, FCj|s)] ା ୡ୭୴((FCi|s), (FCj|s)), j ஷ i

ୀ 0 ା ୡ୭୴(s, s)
ୀ ୴ୟ୰(s).

This implies that
େ୭୴(FC, s)୴ୟ୰(FC) ି େ୭୴(FC, s) େ୭୴(FC, s)
୴ୟ୰(FC)୴ୟ୰(s) ି େ୭୴(FC, s) େ୭୴(FC, s) ୀ 1

.

Therefore,

෦ఉFC ିෞఉFC →p ఉs
େ୭୴(FC, s)
୴ୟ୰(FC)

| {୸ }
(i)

ାఉq
େ୭୴(FC, q)
୴ୟ୰(FC)

| {୸ }
(ii)

. (43)
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14.4 INTERPRETATION

EquaƟon (43) is the key result of this exercise. It implies that the difference between the short and intermediate regressions
esƟmates ofఉFC captures the sum of: (i) the systemaƟc relaƟon between FC and s, Ɵmes the effect of s on Y, and (ii) the relaƟon
between FC and the unobserved selecƟon q, Ɵmes the effect of q on Y.

The coefficient on FCi would, therefore, be expected to decline for two reasons when controlling for s. The first is mechanical.
FC will be correlated with s because individual foreign currency exposure is partly determined by local factors. The second is
more concerning. If unobserved selecƟon is an important driver of FC and the outcome Y, the coefficient will decline because
controlling for s captures this unobserved selecƟon. However, if the difference෦ఉFC ିෞఉFC is small, then it suggests that un-
observed selecƟon is not a major concern, i.e. that ఉq

ి౥౬(FC,q)
౬౗౨(FC) is relaƟvely small. This also implies that the short regression

provides an esƟmate that is approximately unbiased.

To provide a sense of the potenƟal magnitude of term (ii) in (43), we can calculate the remaining terms under several as-
sumpƟons. In our data, ෞ୴ୟ୰(FC) ୀ 0.23 and ෞୡ୭୴(FC, s) ୀ 0.005. Assuming that ఉs ୀ 3.99 (as in Table 7), this implies that
ఉqୡ୭୴(FC, q) ୀ ି.011. This exercise implies that omiƩed credit quality is not biasing the esƟmate of ఉFC (and hence ఉs)
upward.
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