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Abstract

We show that ex-ante higher bank rollover risks in international wholesale markets and more
pessimistic bank expectations about future foreign funding conditions significantly amplify the
reduction in bank credit supply after a sudden stop. Moreover, the reduction in bank credit
supply has cascading real effects through domestic production networks, amplifying the effect
of credit crunch on investment. The mechanism is that suppliers ex-ante working more with
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the sudden stop. For identification, we study comprehensive micro-level databases from Turkey,
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Executive Summary 

An important channel through which a sudden stop (a sudden reversal of international capital inflows) 

affects local economic activity is the credit supply channel. A key finding from the extant literature is that 

banks that ex-ante rely on foreign funds that suddenly dries up reduce their supply of credit more strongly, 

and firms attached to more affected banks experience more adverse real outcomes (such as lower 

investment). In this paper, we show that it is not only banks' ex-ante reliance on global liquidity, but also 

having higher ex-ante rollover risks in international wholesale markets and being more pessimistic about 

future foreign funding conditions that drive the reduction in bank credit supply following a sudden stop. 

Moreover, the real effects of the sudden stop due to the reduction in bank credit supply propagate within 

the economy through firm-to-firm linkages. For identification, we exploit the sudden stop after the Lehman 

collapse, and use novel large-scale administrative databases from Turkey. 

Briefly summarized, the results show that for a given ex-ante degree of reliance on global funding, banks 

with higher ex-ante rollover risks or more pessimistic expectations about future foreign funding conditions 

reduce their supply of credit to a given firm more strongly.  

Moreover, the real effects of the credit supply channel propagate through firm-to-firm linkages. Firms that 

prior to the sudden stop work more with the `exposed suppliers' reduce their tangible fixed capital 

investment more in the aftermath of the shock (where exposed suppliers are those that ex-ante borrow 

more from banks with higher ex-ante reliance of global liquidity). The mechanism is that suppliers that ex-

ante borrow more from global-liquidity-reliant banks prior to the sudden stop reduce their supply of goods 

significantly more after the shock. Such downstream effects (the degree of exposed suppliers reducing their 

supply of goods) appears by an order of magnitude stronger than the upstream effects (the degree of 

exposed buyers reducing their demand for goods). 
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1. Introduction

An important channel through which a sudden stop (a sudden reversal of international capital

inflows) affects local economic activity is the credit supply channel (see, e.g., Schnabl, 2012; or

more broadly, Iyer et al. 2014; Cingano et al. 2016; Morais et al. 2019). A key finding from this

extant literature is that banks that ex-ante rely on foreign funds that suddenly dries up reduce their

supply of credit more strongly, and firms attached to more affected banks experience more adverse

real outcomes (such as lower investment). In this paper, we show that it is not only banks’ ex-

ante reliance on funding source that is hit (global liquidity for our case), but also having higher

ex-ante rollover risks in international wholesale markets and being more pessimistic about future

foreign funding conditions that drive the reduction in bank credit supply following a sudden stop.

Moreover, the real effects of the sudden stop due to the reduction in bank credit supply propagate

within the economy through firm-to-firm linkages (a point also largely overlooked in the literature).

For identification, we exploit the sudden stop after the Lehman collapse, and use novel large-scale

administrative databases from Turkey.

Our starting observation is that banks’ supply of credit depends fundamentally on their expecta-

tion of and ability to access to liquidity (Diamond and Rajan, 2006; Allen and Gale, 2007). From this

point of view, banks’ having or expecting greater difficulty in re-financing their maturing foreign debt

during a sudden stop should also matter for their credit supply adjustments. In other words, focusing

solely on banks’ ex-ante reliance on global liquidity in fact underestimates their ‘true’ exposure.

Moreover, shocks to a firm do not get absorbed and end within the firm, but rather propagate

through the firm’s production network (Acemoglu et al., 2016; Barrot and Sauvagnat, 2016; Tintelnot

et al., 2017), leading firms that are not directly exposed to the shock to be affected as well (the easiest

way to think of such effects is to consider natural disasters that lead to a disruption in supply chains, as

in, e.g., Barrot and Sauvagnat (2016), that spills over to firms even in unaffected areas). Nonetheless,

the bank lending literature has so far been silent on such propagation of real effects, mainly due to

lack of data –especially based on complete firm-to-firm linkages–.

We identify these channels by using large-scale administrative databases from Turkey. First,

we use a novel register, the International Interbank Market Register –which provides transaction-

level details about the universe of cross-border borrowing of banks operating in Turkey, with details

including the volume of transaction, and loan origination and termination dates–. By using this

register, we calculate for each bank ameasure of rollover risk, whichwe define as the share of foreign-

currency wholesale loans originated at least one year before the sudden stop and prescheduled to
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mature at or shortly after the sudden stop, in proportion to total foreign-currency wholesale loans.1

Second, we use a proprietary survey by the Central Bank of the Republic of Turkey (CBRT)

on bank-level US dollar/Turkish lira exchange rate expectations, to gauge bank expectations about

future foreign funding conditions.2 Intuitively, a more depreciated domestic currency is associated

with weaker inflows of capital, and banks that expect a weaker domestic currency over the near

horizon would feel more stranded to expand credit (particularly, the banks that rely more on global

liquidity, and more acutely so, if they also have higher rollover risks).

Third, we use the universe of firm-to-firm sales database (collected for value-added-tax pur-

poses), and more crucially for our purpose, match this database with the domestic Credit Register.3

We, to our best knowledge, are the first to trace how real effects of a bank ‘liquidity shock’ (sud-

den stop) propagate within the economy through firm-to-firm linkages –especially based on granular

data. Importantly, we are also able to identify the underlying mechanism (driving the downstream or

upstream effects) by exploiting within-buyer or within-supplier variation in firm-to-firm sales across

firms with different reliance on affected banks.

Finally, we study the domestic Credit Register –which provides bank-firm-loan-level details on

the universe of corporate loans extended by all banks operating in Turkey–. To credibly identify

credit supply (Khwaja and Mian, 2008; Jimenez et al., 2012), we exploit within-firm variation in

the growth of credit granted by banks with different exposures to the sudden stop (where exposure

is measured by banks’ ex-ante degree of rollover risks, exchange rate expectations, and reliance on

global liquidity).4

1Note that weaker banks may have (or be forced to have) shorter maturity cross-border loans, which in turn may face
greater rollover risks during a sudden stop. So, focusing on cross-border loans that were scheduled to mature long before
the sudden stop mitigates such potential endogeneity. See Almeida et al. (2012) for a similar identification strategy
applied to non-financial firms’ investment in the US (see also Garicano and Steinwender (2016), Costello (2019)). For
robustness, we also consider cross-border loans maturing at or shortly after the sudden stop, regardless of whether they
are originated long before the sudden stop or right before.

2The CBRT collects, in the first two weeks of each month, data on exchange rate expectations of finan-
cial institutions and large non-financial corporations. The question states “What does your institution expect
the USD-Turkish lira exchange rate to be at the end of current month, at the end of the current year, and af-
ter 12 months?”. We use bank-level 12-month-ahead expected depreciation of the Turkish lira against the USD,
measured prior to the sudden stop (September 2008). The median responses are regularly made available to
the public at https://www.tcmb.gov.tr/wps/wcm/connect/EN/TCMB+EN/Main+Menu/Statistics/Tendency+
Surveys/Survey+of+Expectations+Statistics/.

3Turkey is among the very few countries for which firm-to-firm sales data is available. Other countries include
Belgium (Dhyne et al., 2015), Chile (Huneeus, 2018), and the US (for publicly listed firms) (Barrot and Sauvagnat,
2016), and it is studied within different contexts, such as international trade or natural disaster shocks.

4Note that factors that affect domestic banks’ access to foreign funding simultaneously affect borrowers (non-financial
firms). For example, the domestic currency depreciation, which is particularly sharp during sudden stops, may deteriorate
the strength of the firms’ balance sheets (particularly for firms with lower net foreign currency assets). Concurrently,
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Turkey provides an excellent laboratory to identify these channels, not only by having admin-

istrative micro-level databases crucial for identification, but also that banks are the main funding

source for firms (with equity financing playing a negligible role for the majority of firms). More-

over, global liquidity is an important funding source even for domestically-owned banks, comprising

about 11% of their asset size. Indeed, concurrent with the drop in foreign-currency wholesale fund-

ing, we observe a sharp drop in aggregate credit after September 2008 (Figure 1(A)). As foreign

wholesale funding came practically to a halt after September 2008, annual growth in aggregate do-

mestic credit dropped from over 30% to almost nil within a year. Moreover, as Figure 1(B) suggests,

banks that rely more on foreign wholesale funding prior to the sudden stop appear to provide less

credit afterwards.

Our results show that, for a given ex-ante degree of reliance on global funding, banks with higher

ex-ante rollover risks or more pessimistic expectations about future foreign funding conditions re-

duce their supply of credit to a given firmmore strongly. The effects are sizeable: an estimated 10.6%

stronger reduction in credit supply by banks with higher rollover risks, and 3.7% by more pessimistic

banks (with stronger effects for banks with higher rollover risks and more pessimistic expectations).5

Moreover, consistent with the previous literature, we find that banks with higher ex-ante reliance on

global funding cut their supply of credit more following the sudden stop (economically, by 13% for

banks at the third vs. the first quartile of the distribution of foreign funding ratio).6 Finally, the

reduction in credit supply by high rollover risk or more pessimistic banks is higher for weaker firms

(smaller, short-term indebted or non-exporters), and firms ex-ante working more with the affected

banks face binding financial constraints –which in turn, entails adverse ‘direct’ real effects, such as

lower operating profits (by 2%) or lower investment (by 3%). We find the marginal effect of firms’

ex-ante working more with high rollover risk or more pessimistic banks –on top of working more

with banks with high reliance on global funding– negligible.

Moreover, there is strong evidence that real effects of the credit supply channel propagate through

firm-to-firm linkages. Firms that prior to the sudden stop work more with the ‘exposed suppliers’

reduce their tangible fixed capital investment more in the aftermath of the shock (where exposed

suppliers are those that ex-ante borrow more from banks with higher ex-ante reliance of global liq-

gloomy economic prospects adversely affect firms’ expected income stream and deteriorate their perceived ability to pay
their debts back. Therefore, it is important to credibly abstract away from demand-side effects. We do so by focusing on
within-firm variation (and focusing on multiple-bank firms).

5We have used interquartile ranges for each bank variable to calculate the economic impacts.
6We use foreign funding ratio or the degree of reliance on global liquidity interchangeably throughout the text.
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uidity). From an economic magnitude standpoint, the estimated impact on investment of working

more with exposed suppliers is sizeable, from one-tenth to one-fourth of the direct channel.

We then identify the mechanism by exploiting within-buyer variation in firm-to-firm sales. We

show that, for a given firm working with at least two suppliers prior to the sudden stop, more exposed

suppliers reduce their supply of goods significantly more after the shock (economically, a supplier at

the third quartile of the distribution of the firm-level exposure to the sudden stop reduces its supply

of goods by 2.4% more compared to a supplier at the first quartile). This result holds when we

focus on suppliers operating within the same industry and city for a given buyer (thus, the goods

supplied are more likely to be similar, with similar transportation costs incurred). Moreover, for

firms having more concentrated supplier markets, indirect effects on investment are estimated to be

twice stronger.7 Finally, the estimated downstream effect (the degree of exposed suppliers reducing

their supply of goods) appears by an order of magnitude stronger than the upstream effect (the degree

of exposed buyers reducing their demand for goods).

Our paper contributes to a large body of literature on the international transmission of financial

shocks, and more generally, on the real effects of credit supply shocks. It is shown that following

an adverse liquidity shock emanating from outside or within the economy, banks that rely on such

funds and cannot easily substitute them with other funding sources are shown to transmit the shock

more strongly to their clients (firms). In turn, firms attached to these banks experience more adverse

financial or real outcomes. Examples include Peek and Rosengren (1997, 2000), Schnabl (2012),

Cetorelli and Goldberg (2012a,b), Iyer et al. (2014), Chodorow-Reich (2014), Ongena et al. (2015),

Cingano et al. (2016), Bentolila et al. (2018), di Giovanni et al. (2018), Morais et al. (2019). Table

1 presents a non-exhaustive list of related papers, particularly on the international transmission of

financial shocks, including details such as the nature of the shock and the aggregation level of data

studied.

Our main contribution is twofold: First, we uncover two significant sources of contraction in

credit supply following a sudden stop. Namely, we show that it is not only the degree of banks’

ex-ante reliance on a funding source that strongly dries up (as was taken in the previous literature),

but also their rollover risks and expectations about future funding conditions that matter for the

subsequent drop in credit supply. These additional channels amplify the reduction in local credit

supply during the sudden stop in a significant and economically sizeable way. Second, we show

7The indirect effect is nearly twice as large for a downstream firm at the 75th percentile of the distribution of supplier
market concentration, compared to a downstream firm at the 25th percentile.
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that the real effects of contraction in bank credit supply propagates through buyer-supplier linkages

(namely, significantly lower supply of inputs by more exposed suppliers, and significantly lower

investment by firms that ex-ante work more with the exposed suppliers).

Our paper is also related to the recently growing literature on domestic production networks (see,

e.g., Barrot and Sauvagnat, 2016; Tintelnot et al., 2017; Huneeus, 2018). Unlike real shocks such as

natural disasters or trade shocks as studied in this strand of literature, here we focus on a financial

shock (the sudden stop) –and how it propagates within the economy through production networks.8

Our paper, in this regard, complements Costello (2019) and Alfaro et al. (2019). Costello (2019)

show for the US that suppliers with larger share of long-term debt to mature at the onset of the US

financial crisis reduce the volume of trade credit extended to their customers more –which in turn

lowers their customers’ employment levels. Alfaro et al. (2019) combine the industry-level input-

output structure in Spain with the credit register, and report sizeable direct and indirect real effects

of firm-level credit supply shocks. They shed light on the driving force for downstream effects by

focusing on firm-level changes in accounts payable. By using the granular input-output structure

at the buyer firm-supplier firm level for the universe of firms –matched with the universe of bank-

firm loan information via the credit register–, we offer sharper inferences, and further, identify the

mechanism that drives downstream effects by exploiting within-buyer variation in sales by suppliers

with different exposures to the sudden stop.

The paper proceeds as follows: Section 2 presents details about the databases. Sections 3 and 4

provide empirical strategy and the results, the former on the credit supply channel, and the latter on

the direct and indirect real effects of the credit supply channel. Section 5 concludes.

2. Databases

Credit Register. The Credit Register of Turkey provides confidential and detailed information

about the universe of loans granted by all banks operating in Turkey. The register is maintained

and supervised by the Banking Regulation and Supervision Agency (BRSA), the authority in charge

of supervising the banking sector in Turkey. Banks are obliged to report their credit granted (credit

limits) and outstanding loan balances at a givenmonth for each firm for different loan types (domestic

vs. foreign currency denominated, cash vs. non-cash, short-, medium- or long-term term –based on

original maturity–). The Credit Register is exhaustively comprehensive, as there is practically no

8We provide a detailed review of the literature in Appendix A.
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reporting threshold.9

We focus on the period of September 2008 to September 2009, the former coinciding with the

Lehman Brothers’ collapse and the latter by and large coinciding with the lowest annual growth in

aggregate domestic credit after September 2008 (Figure 1(A)). We exclude foreign-owned banks,

as the ex-ante reliance on foreign funding, rollover risks in international wholesale markets or ex-

pectations about future funding conditions –the key channels through which we trace the impact of

the sudden stop– should matter particularly for domestically-owned banks. We further exclude par-

ticipation/Islamic banks, as they comply with different lending standards. In sum, we cover a large

share (75%) of total banking sector credits during our sample period.

We aggregate the register at the firm-bank-currency-type level for each month (our baseline level

of aggregation). In total, we have 267,328 firms (or 102,577 firms with multiple banking relation-

ships), 2 types of loans (domestic and foreign-currency denominated), and 20 banks. Our results are

strongly robust to using the data set at its most disaggregated level (bank-firm-loan-type level) or at

the bank-firm level, as we report below.

International Interbank Market Register. This register, maintained and supervised by the BRSA,

provides transaction-level details about the universe of cross-border borrowing by all banks oper-

ating in Turkey. The details include unique borrower and lender identifiers, lender bank’s country

(and its headquarter’s country), volume, interest rate, currency of denomination, and origination and

termination dates for each transaction. Transactions involve cross-border loans –which we focus on–

and deposits. By using this register, we calculate bank-level rollover risks (by using loan volumes

and origination and termination dates).

For the baseline measure of rollover risk, we take the ratio of cross-border foreign-currency loans

originated at least one year before September 2008 and that is going to mature within 8 months after

September 2008 to total cross-border foreign-currency loans. For an alternative measure, we use

cross-border foreign-currency loans that is going to mature within 8 months after September 2008

–regardless of whether their origination is long before the sudden stop or not–.

Figure 2 presents the histogram of bank ex-ante rollover risks (for the baseline and the alterna-

tive). For both measures, we observe a large dispersion across banks (with the latter exhibiting a

larger dispersion). Baseline rollover risk is 12% on average, and ranges between zero and 26%. The

alternative measure of rollover risk is higher (as expected) and 42% on average, and ranges between

zero to 100%.

9The results are robust if we exclude loans below a certain threshold, e.g., 1,000 TRY or 5,000 TRY.
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CBRT Survey of Exchange Rate Expectations. In the first two weeks of each month, The Central

Bank of the Republic of Turkey (CBRT) collects survey data on what financial institutions or large

non-financial corporates expect the USD/TRY exchange rate to be in the following months. The

question, in particular, states “What does your institution expect the USD-Turkish lira exchange rate

to be at the end of current month, at the end of the current calendar year, and after 12 months?” We

take 12-month-ahead bank expectations measured prior to the sudden stop (during early September

2008).10

Banks on average expect a 7% depreciation of TRY against USD (which roughly reflects Turkey

vs. US inflation differential at the time), and there exists sizeable heterogeneity -as shown by the his-

togram of expected depreciation across banks (Figure 3). The expected depreciation ranges between

-1% to 10%. Moreover, bank expectations appear significantly persistent.11

Bank Balance Sheets/Income Statements. For bank controls, we use supervisory monthly bank

balance sheets (disaggregated at domestic and foreign-currency denominated items) and income

statements databases, provided by the BRSA. We further use the BRSA’s supervisory monthly Tier-

1 capital database to obtain bank capital adequacy ratios. In sum, our bank controls are capital

adequacy ratio (Tier-1 capital-to-total risk-weighted assets), liquidity ratio (ratio of total liquid assets-

to-total assets)12, size (log total assets), profitability (return on assets)13, and non-performing loans

ratio (the ratio of total non-performing loans-to-total loans (NPL)). One of our key variables, banks’

ex-ante reliance on foreign funding is defined as the ratio of non-core foreign-currency liabilities to

total assets.14 All of our bank-level variables are measured ex-ante (September 2008).

Firm Balance Sheets/Income Statements. We have access to complete balance sheets and income

statements for the universe of firms (excluding single employee/entrepreneurial firms), provided by

Turkish Statistical Institute. Since the dataset is annual, we use end-of-2008 and end-of-2009 infor-

10Longer term (e.g., 12-month-ahead) expectations about future funding conditions may better explain how foreign-
funding-reliant banks adjust their supply of credit, as compared to shorter term expectations (e.g. year-end, which in our
case is 3-months-ahead). Our results are strongly robust to using year-end expectations (not reported for brevity).

11 In particular, based on a sample running from January 2007 to September 2009, we regress bank FX expectations
(12-month-ahead expected USD/TRY exchange rate) on its own lag, the median expectations, and lagged bank controls
(Table 2). It appears that lagged own expectations is a robust and significant (at .01 level) predictor of current expectations
(with a persistence coefficient about 0.45). Larger or more profitable banks in general holdmore pessimistic expectations,
and median expectations seem to matter.

12Total liquid assets is the sum of cash, receivables from the central bank, receivables from interbank money market,
and receivables from reverse repo.

13Return on assets is defined as 12-month moving average of pre-tax net profit in proportion to total assets.
14Non-core foreign-currency (FX) liabilities is the sum of FX payables to banks, FX payables to money and securities

markets, FX funds from repo transactions and net FX securities issued. Throughout the text, we use non-core foreign-
currency liabilities and foreign wholesale funding interchangeably.
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mation. To avoid misreporting or measurement errors, we exclude very small firms (those with total

assets less than 1000TRY (800 USD)), firms with negative capital, and firms with negative bank

deposits. In this final sample, we have detailed balance sheet and income statement information (to-

gether with their NACE4-industry codes and city of location) for over 90% of firms present at the

Credit Register.

Firm-to-Firm Sales. We use monthly domestic firm-to-firm sales database provided by the Turk-

ish Ministry of Treasury and Finance. The reported sales are based on invoices for value-added tax

purposes. It provides unique buying and selling firm identifiers (matched with the credit register and

firm balance sheets/income statements databases), and covers all firm-to-firm transactions above a

modest threshold, 5000 TRY (∼ 4000 USD). The dataset provides the total invoice, without details

on items in the invoice (similar to the few countries for which this type of database is available). Out

of 234,958 firms present at the Credit Register for which we have complete balance sheets, 148,091

firms are buying from at least one domestic supplier. Total number of suppliers to these firms is

256,423.

Table 3 presents detailed definitions and the summary statistics of all the variables used in the

empirical analyses.

3. Credit Supply Channel during the Sudden Stop: Identifying the Role of Bank Rollover
Risks and Expectations

3.1. Empirical Strategy

To identify the credit supply channel, we exploit within-firm variation by saturating the model

with firm fixed effects and study firms with multiple banking relationships (Khwaja andMian, 2008).

Namely, for a given firm, we compare the change in credit granted from before to after the sudden

stop by banks with different ex-ante levels of (i) reliance on foreign funding, (ii) rollover risks, or

(iii) expectations about future foreign funding conditions. Formally, we estimate

∆Lbfc,post =
(
β0 + β1 Rollover Riskb,pre + β2 FX Expectationsb,pre

)
Foreign Fundingb,pre + . . .

+ α1 Rollover Riskb,pre + α2 FX Expectationsb,pre + α3Xbf,pre + . . .

+ Bank Controlsb,pre + µf + ζc + εbfc,post (1)

where ∆Lbfc,post is the log change in the credit granted by bank b to firm f in currency type c from

September 2008 (pre) to September 2009 (post).15 Foreign Funding is the ratio of total foreign

15The Credit Register originally provides credit balances in domestic currency terms (regardless of whether the loan is
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wholesale funding-to-total assets ratio. We cluster standard errors at the firm level.16

Our first focus variable is Rollover Risk. It is defined as the long-term (>1 year) foreign wholesale

debt that is going to mature shortly after the sudden stop in proportion to total foreign wholesale bor-

rowing. By “shortly after”, we consider 8 months as the baseline (October 2008-May 2009), and dif-

ferent horizons (4 to 7months) for robustness. Tomitigate potential endogeneity (e.g., riskier/weaker

banksmay be forced to have shorter maturity borrowing from abroad), we take long-term foreign bor-

rowing, i.e., those that originated at least one year before the sudden stop, which happens to mature

at or shortly after the sudden stop. The key idea is that banks that are going to experience maturing

foreign debt during the sudden stop would face greater difficulty in rolling over their debt (and hence

be less able to continue financing their lending activities as they used to). Alternatively, we study

total (rather than just long-term) foreign wholesale debt that matures shortly after the sudden stop in

proportion to total foreign wholesale borrowing, as robustness.

Our second focus variable is FX Expectations. It is defined as the log difference between 12-

month-ahead expected USD/TRY exchange rate and the actual rate. A higher positive value means

that the bank expects a stronger depreciation in the TRY against theUSD, reflecting their expectations

of less favorable foreign funding conditions.

We are primarily interested in, for a given ex-ante degree of reliance on foreign funding, whether

banks with higher ex-ante rollover risks or banks that expect less favorable foreign funding conditions

reduce their credit supply more. That is, we mainly focus on the coefficients β1 and β2, alongside β0,

and test whether they obtain negative values in a statistically significant and economically relevant

way. The reason for focusing on the interaction variables is that bank rollover risks and expectations

should matter particularly for banks that ex-ante rely more on foreign funding. For instance, for a

bank with a negligible degree of reliance on foreign funding, having high rollover risks in foreign

wholesale markets or expecting less favorable foreign funding conditions should play a weak role

for its subsequent credit supply adjustments.

Xbf,pre proxies the strength of the bank-firm relationship, namely the ratio of outstanding balance

of firm f at bank b to total outstanding bank loans of the firm before the sudden stop. Bank Con-

classified at the Register as domestic or foreign currency denominated). Since the Turkish lira depreciated sharply after
September 2008, that would imply a spurious increase in foreign currency loan balances. Therefore, we express foreign
currency loan balances in foreign currency units (by using monthly average exchange rates based on an equal basket of
USD/TRY and EUR/TRY exchange rates). Moreover, given a non-negligible level of inflation during our sample period
(we observe a 5.3% increase in the headline CPI from September 2008 to September 2009), we express the nominal
credit balance for domestic currency loans in real terms (using headline CPI).

16The results are strongly robust to clustering at the bank level, with the estimated coefficients remain significant at
.01 level as in the baseline firm-level clustering.
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trols, also measured ex-ante, are capital adequacy ratio, liquidity ratio, size, profitability, and non-

performing loans ratio. µf stand for firm fixed effects (included for identification), and ζc currency-

type fixed effects (where a loan is either domestic- or foreign-currency denominated).

Extensions. We extend the baseline analysis on various grounds.

First, we also conduct the analyses at the bank-firm level (with appropriate exchange rate adjust-

ment in place).17 Moreover, equation (1) focuses on the intensive margin, i.e., firms that are granted

a loan from a bank with the same currency type (domestic or foreign) for both periods, overlooking

the possibility that firms may switch fully from one currency type to another at a given bank. Our

analysis at the bank-firm level addresses this concern as well. Finally, we explore the very same

question, again at the bank-firm level, for the extensive margins (the new lending and termination

margins).

Second, we explore heterogeneity across firms in the reduction of credit supply. For example,

and as also shown in the previous literature, smaller firms in general face a stronger reduction in

credit supply by more affected banks following unfavorable liquidity shocks (see, e.g., Khwaja and

Mian, 2008; Iyer et al., 2014). Our analyses further assess whether this result holds as well for higher

rollover risk or pessimistic banks (including studying a wider set of firm characteristics). Along this

vein, we augment equation (1) with firm variables, by interacting our focus variables, the interaction

of bank foreign funding with rollover risk or FX expectations, with each respective firm variable.

Third, we study whether the change in credit supply is binding at the firm level. We first calculate

firm-level weighted average of bank foreign funding (average foreign funding of banks the firm was

working with prior to the sudden stop, with weights proportional to the share of the bank’s credit

in total bank credit of the firm), weighted average of the interaction of bank foreign funding with

rollover risk, and of bank foreign funding with FX expectations. We do the same calculation for all

bank controls (capital ratio, liquidity ratio, size, etc.). In sum, we have all variables in equation (1)

17Note that aggregating bank-firm-currency level data at the bank-firm level requires exchange rate adjustment. For
instance, a firm having foreign-currency denominated loans would have a higher loan balance in domestic currency terms
after a domestic currency depreciation. That increase in loan balance would spuriously imply an increase in credit. Ac-
cordingly, when we aggregate the bank-firm-currency level data at the bank-firm level, we calculate foreign currency
loans evaluated at the previous period’s exchange rate (the loan balance if the exchange rate were not changed from
September 2008 to September 2009). We then sum up exchange-rate-adjusted foreign currency loans and domestic cur-
rency loans at the bank-firm level. This procedure is essentially what the Central Bank of the Republic of Turkey follows
when reporting aggregate exchange-rate-adjusted credit growth. For instance, suppose a firm has 50 TRY and 200 TRY
worth of foreign-currency loan balances at a bank, and assume that the exchange rate is 1. In the next period, assume the
TRYdepreciated and the exchange rate raises to 2. Without any exchange rate adjustment (and ceteris paribus), that would
imply firm’s loan balance at the bank would go from 50TRY+(200USD*1)=250TRY to 50TRY+(200USD*2)=450 TRY.
With the exchange rate adjustment, loan balance in the second period would be 50TRY+(200USD*2)*(First Period Ex-
change Rate=1)/(Second Period Exchange Rate=2)=250 TRY, the same as in the first period.
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aggregated at the firm level with appropriate weighting. Moreover, we follow Jimenez et al. (2018)

to account for a potential bias in the firm-level regressions.

3.2. Baseline Results

Table 4 presents the baseline results. We start with the universe of firms regardless of whether

they work with a single bank or multiple banks, and study a modest specification that includes bank

foreign funding, without additional controls or fixed effects (column (1)). In column (2) and onwards,

we focus on firms with multiple banking relationships and saturate the model with firm and currency-

type fixed effects. As we proceed, we successively interact bank foreign funding with bank rollover

risk or foreign exchange rate expectations, and include control variables (bank controls and a proxy

for the strength of the bank-firm relationship).18

Our key finding is that banks’ ex-ante rollover risk and expectations about future funding condi-

tions significantly matter for change in their credit supply after the sudden stop.

In particular, we first establish that banks with higher ex-ante reliance on foreign funding reduce

their supply of credit more strongly for a given firm (the first row). This essentially confirms what

has already been shown by the literature on how liquidity shocks may affect bank lending, reporting

stronger drop in credit supply for banks with higher ex-ante reliance on funding source that is hit.

In columns (3) and (4), we introduce bank rollover risk into the picture, and show that it emerges

as a significant and economically relevant amplification factor for the reduction in bank credit supply.

Namely, we find that foreign-funding-reliant banks with higher rollover risks cut their lending for

a given firm significantly more compared to otherwise-similar banks with lower rollover risks (as

given by the negative and statistically significant coefficient for the interaction of foreign funding

with rollover risk).

Column (5), where we include banks’ expectations about future funding conditions, points to

a similar result. We find that banks that ex-ante rely on foreign funding and expect less favorable

foreign funding conditions reduce their supply of credit more strongly for a given firm (as given by

the negative and statistically significant coefficient for the interaction of foreign funding with FX

expectations).

18 In reporting economic impacts (lower panel of the table), we multiply the estimated corresponding coefficient with
the interquartile range(s) of the respective variable(s). To ease interpreting the results, we label a bank (i) that ex-
ante relies more on foreign funding as a high foreign funding bank, or (ii) that has a higher share of long-term foreign
wholesale funding to mature within 8months after the sudden stop to its total foreign wholesale funding as a high rollover
risk bank, and (iii) that expects less favorable foreign funding conditions as pessimistic, if its foreign funding, rollover
risk or FX expectations is at the 3rd quartile of the distribution of the respective variable. We then report the estimated
economic impacts for 3rd versus 1st quartile of the distribution of foreign funding, rollover risk or expectations.
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Column (6) includes both bank rollover risks and expectations. We continue to find that banks

that aremore reliant on foreign funding and hold a greater share of maturing foreign liabilities (higher

rollover risks) or expect less favorable foreign funding conditions reduce their supply of credit more

strongly for a given firm.

Our results are economically relevant. Considering economic impacts for the most saturated

specification (column (6)), banks with higher ex-ante reliance on foreign funding reduces its credit

supply by 13% more. For foreign-funding reliant banks with higher rollover risks or more pes-

simistic expectations, the reduction in credit supply is estimated to be 10.6% and 3.7%, respectively.

Given that the aggregate growth of bank credit to non-financial corporates declined from over 35%

in September 2008 to almost nil in September 2009, our estimated effects appear large and econom-

ically relevant.

Column (7) further includes the triple interaction of bank foreign funding, rollover risks and FX

expectations. Intuitively, banks with greater reliance on foreign funding and higher rollover risks

would be most stranded if they also expect less favorable foreign funding conditions. Our estimated

(and significant) coefficient for the triple interaction confirms that this is the case. For a given firm

borrowing from at least two banks with similar ex-ante levels of reliance on global liquidity and

rollover risks, more pessimistic banks reduce their supply of credit by 5.5% more.19

In columns (8) and (9), we explore within firm-currency variation. Note that banks that ex-ante

rely more on global liquidity may tend to extend foreign currency loans more (for completeness that

may also apply for banks with higher/lower rollover risks or more/less pessimistic expectations), and

the sharp currency depreciation during the sudden stop may reduce demand for foreign currency

loans. Then, even in the absence of a credit supply channel, one can observe lower credit by high

foreign funding banks.

To address this concern, we saturate the model with firm×currency fixed effects that ensure

comparison of the same loan type (domestic- or foreign-currency) and the same firm across banks

with different exposures to the sudden stop. A potential limitation of this specification is that not all

firms may borrow in the same currency from multiple banks. Fortunately in our sample, such firms

are not prevalent: our sample size drops only mildly (from 292,717 to 281,960). Our previous results

hold: banks with higher foreign funding or foreign-funding-reliant banks with higher rollover risks

or more pessimistic expectations reduce their supply of credit more strongly (column (8)), and more

19To reach this estimate, we subtract the estimated degree of reduction in credit supply by high foreign funding banks
with high rollover risks (15.2%) from the estimated degree of reduction in credit supply by high foreign funding banks
with high rollover risks and more pessimistic expectations (20.7%).
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pessimistic expectations exacerbate the effect on the credit supply of bank rollover risks (column

(9)). The economic impacts are also similar in magnitude.

3.3. Different Levels of Aggregation and Binding Reduction in Bank Credits

We now re-estimate our baseline specification at the bank-firm level. This is mainly for two

reasons. First, firm is a unique entity that bears all the risks attached to its operations and banks

evaluate the firm as a whole in deciding how much to supply credit. Second, a firm may fully switch

from one currency type to another within a bank, a possibility that the baseline analyses overlook.

Table 5 shows that our previous results continue to hold at the bank-firm level (Panel (A)). Banks

with higher ex-ante reliance on foreign funding, or foreign-funding-reliant banks with higher rollover

risks or more pessimistic expectations reduce their supply of credit more strongly for a given firm

(columns (2) and (4)). The economic impacts are similar to what we find earlier, and continue to

be sizeable. In columns (1) and (3), we report the results based on specifications without firm fixed

effects, which would be helpful shortly below.

Table 5 further shows that the reduction in bank credit supply is binding at the firm level (Panel

(B)). If firms were able to fully offset the reduction in credit supply by more affected banks by

borrowing more from (or switching to) less affected banks, our results above would not be of great

relevance for aggregate effects. A proper assessment in this regard requires a firm-level analysis. We

find that firms that ex-ante and on average work more with banks with higher ex-ante reliance on

foreign funding, or with foreign-funding-reliant banks with higher rollover risks or more pessimistic

expectations, experience a significantly higher reduction in total bank credit.

This result does not immediately mean that the reduction in total bank credit at the firm-level is

due to the decline in bank credit supply, particularly if firms with lower credit demand happen to

work more with affected banks. Jimenez et al. (2018) offers a way to adjust the bias that may occur

due to firm-level credit demand (which can be backed out from the bank-firm-level regressions with

and without firm fixed effects). Following this route, we find that our results remain intact, with

estimated coefficients closer to the previous estimates even after the proposed adjustment (columns

(5) and (6)).20

20 In particular, the generic form for the bias-adjusted coefficient is β = β̂FirmOLS −
(
β̂BankFirmOLS − β̂BankFirmFE

)
∗

V ar(δi)

V ar(δj)
, where V ar(δi) is the variance of bank shocks (e.g., bank foreign funding, in our case), and V ar(δj) is the

variance of firm-level averaged bank shocks (e.g., weighted average bank foreign funding).
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3.4. Further Discussions and Robustness
3.4.1. Balancedness

Note that if the sudden stop affects not only banks, but also firms through other channels (which

is quite plausible considering aggregate demand, balance sheet or trade channels) and if there exists

an assortative matching between banks and firms, then our coefficients of interest will be biased. In

this section, we explore such an identification concern.

Namely, we first study ex-ante loan portfolio characteristics of banks by comparing the cross-

correlation of bank foreign funding, rollover risk, or FX expectations with the average characteristics

of firms that exist in banks’ loan portfolios prior to the sudden stop (Table 6). In particular, for each

bank, we calculate weighted average firm size, inverse leverage, export-to-sales ratio and short-term

indebtedness (short-term debt-to-total debt) –the firm variables that we also use in the remaining

analyses– and firm past and future loan default indicators, using weights based on the share of each

firm in the bank loan portfolio.

We find that bank loan portfolios are by and large balanced (Table 6). Most cross-correlations

are small or insignificant at conventional values. For correlations that appear economically large,

they imply that higher foreign funding banks are more likely to have larger or less risky firms in

their loan portfolios. This essentially strengthens our results, given that such firms are generally

affected less adversely during periods of unfavorable market liquidity conditions. Pessimistic banks

on average have smaller yet less short-term indebted and less leveraged firms in their loan portfolios.

For rollover risk, the cross-correlations are all insignificant and much smaller in magnitude. Overall,

there is not strong evidence that banks that reduce their supply of credit more work systematically

with weaker firms.

A indirect test of whether an assortative matching between banks and firms is at play and poten-

tially alters our results is due to Jimenez et al. (2018). As we studied in Table 5, estimated coefficients

based on firm fixed effects do not differ much from the estimated coefficients based on ordinary least

squares (column (1) vs. column (2), and column (3) vs. column (4)), supporting balancedness of

our data. A further finding that supports balancedness is that our results are robust to saturating the

model with firm×currency fixed effects (Table 4).
We further report whether banks with higher foreign funding, rollover risks, or pessimistic ex-

pectations differ in terms of key bank characteristics such as capital adequacy, liquidity, size, etc.

(Table 7). Higher foreign funding banks are in general smaller. Moreover, higher rollover risk banks

are on average larger (potentially due to these banks being more able to borrow longer term from
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abroad). Our controlling for bank size, and as will be evident below, finding robust evidence for

when we use an alternative measure for rollover risk -which includes short-term foreign wholesale

funding as well– suggest that this is less of an issue (see Tables 10 and 11). We find no significant

or strong correlation between key bank characteristics and their FX expectations.

3.4.2. Extensive Margins

Another margin of adjustment for banks is to decide whether to start a lending relationship after

the sudden stop with a firm that they were not previously working with, or whether to terminate an

existing relationship with an existing firm after the sudden stop. We label these margins as “new

lending” and “termination”, respectively.

We substitute the dependent variable in our baseline specification with (i) Nbf,post, an indicator

variable for new lending that takes a value 1 if bank b was not working with firm f prior to the

sudden stop but establishes a new lending relationship with the firm in the aftermath; or (ii) Tbf,post,
an indicator variable for termination that takes a value 1 if bank b was working with firm f prior

to the sudden stop but terminates that relationship with the firm afterwards. For the new lending

regressions,Xbf,pre, the strength of the bank-firm relationship is naturally excluded, since it does not

exist ex-ante.

Table 8 shows that extensive margins of credit supply point to a consistent picture with the in-

tensive margin. Foreign-funding-reliant banks with higher rollover risks or more pessimistic expec-

tations are less likely to establish a new lending relationship with a given firm, and are more likely

to terminate their existing relationships. Comparing the economic impacts for the most saturated

specifications which ranges from 0.8% to 3.1% (see columns (4) and (8)) with the unconditional

averages of new lending and termination probabilities (which are 15% and 21%, respectively), the

effects appear sizeable.

3.4.3. Alternative Measures for Bank Rollover Risks

So far, we measure bank rollover risks as the ratio of long-term foreign wholesale funding that

is going to mature within k = 8 months after the sudden stop to total foreign wholesale funding.

We now show that our results are robust to assuming alternative time horizons, i.e., k = 4, 5, 6

or 7 months (Table 9). We continue to find that foreign-funding-reliant banks with higher rollover

risks reduce their supply of credit more strongly for a given firm. We do not find a clear pattern for

whether rollover risks with shorter horizons matter differently compared to those with longer hori-

zons (via comparing economic impacts for different rollover risk horizons). Moreover, we continue
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to find stronger reduction in credit supply by foreign-funding-reliant banks with more pessimistic

expectations.

The reason why we focus on banks’ long-term cross-border debt prescheduled to mature at or

shortly after the shock is to have a better causal measure. Almeida et al. (2012) proposes this identi-

fication strategy to identify the role of debt rollover risks on firm investment in the US after 2008. In

our case, it could be that weaker banks may choose (or may be forced to choose) lower maturity on

their foreign funding. Our choice of maturing long-term debt mitigates this potential endogeneity.

Alternatively, we now explore whether foreign wholesale loans -regardless of whether originated

long before or in the run up to the sudden stop– scheduled to mature at or shortly after the sudden

stop has a bearing on bank credit supply (Table 10). Consistent with the previously reported results,

column (1) shows that banks with maturing foreign wholesale debt after the sudden stop reduce

their supply of credit significantly and more strongly. Columns (2) and (3) focus on the extensive

margins of credit supply, using this very alternative definition for bank rollover risk. Column (2)

shows that banks with higher rollover risks are less likely to start a new lending relationship with

a firm. Interestingly, banks with higher rollover risks (based on the alternative definition) are less

likely to terminate an existing relationship with a firm (column (3)).

The impact of bank rollover risk at the intensive margin is weaker under the alternative roll-over

risk measure (3.3% compared to 10.6%). This may potentially suggest that banks with greater share

of maturing foreign wholesale debt that originated shortly before the sudden stop face relatively pos-

itive credit demand during the sudden stop (in other words, short-term borrowing banks from abroad

may tend to work more with healthier firms in the run up to the sudden stop), or that these banks are

better positioned in terms of capital or liquidity. In this regard, we compare the correlation between

bank rollover risks (based on baseline vs. the alternatively defined) and loan portfolio and bank char-

acteristics. We find that banks with greater share of maturing foreign wholesale debt that originated

shortly before the sudden stop tend to work more with more indebted yet larger and exporter firms,

and less with firms with a loan default history (Table 11). Moreover, such banks on average appear

well-capitalized or more liquid. These cross-correlations, in essence, underlines that our baseline

measure of rollover risk offer a better balancedness.

3.4.4. Does The Reduction in Credit Supply Differ Across Different Firms?

There has been much evidence that larger firms in general experience milder reduction in credit

supply by more ‘exposed’ banks after an unfavorable liquidity shock (see, e.g., Khwaja and Mian,

2008; Iyer et al., 2014). Our findings further uncover that it is not only the degree of banks’ ex-ante
18



reliance on a certain liquidity source that suddenly dries up, but also banks’ finding or expecting it

difficult to rollover that matter for the heterogeneity of bank credit supply across firms (Table 12).

Foreign-funding-reliant banks with higher rollover risks or more pessimistic expectations reduce

their supply of credit mildly for larger, less short-term indebted or exporter firms. Moreover, we find

similar results for the extensive margins of credit supply (Table 13).

4. Real Effects of the Sudden Stop

Note that the reduction in credit supply by more exposed banks may not pose a binding constraint

on firms’ overall financial needs. Considering alternative sources of funding, firms attached to these

banks may borrow more from other firms, from its own partners/shareholders or increase its debt to

employees, to ameliorate the potential effect of reduction in bank credit supply on real outcomes.

Here, we show that such alternative sources of funding cannot fully offset the reduction in bank credit

supply, eventually leading to adverse real effects (as also shown in the previous literature).

More importantly, we further show that credit supply shock to a firm (captured by the degree of

working with banks that are ex-ante more exposed to the sudden stop) does not live and die within

the firm, but rather, creates spillovers to the rest of firms within the economy through buyer-supplier

linkages.

4.1. Direct Effects

Empirical Strategy. We first define a proxy for firm ex-ante exposure to the sudden stop due

to the credit supply channel (Θf,pre), where exposure depends on foreign funding, rollover risk, or

expectations of banks that the firm is ex-ante working with. Formally, we define

Θf,pre = Reliance on Bank Creditf,pre ∗
∑
b∈Bf

wbf,pre ∗ Bpre (2)

The first-term on the right-hand-side captures by how much the firm is dependent on bank credit,

measured by Bank Creditf,pre
Bank Creditf,pre+Trade Creditf,pre

. The second term,
∑

b∈B wbf,pre ∗Bpre, is the weighted aver-
age ex-ante exposure to the sudden stop of banks the firm is working with prior to the sudden stop.

wbf,pre is the share of credit granted by bank b to firm f in the firm’s total bank credits, and Bpre
stand for bank foreign funding, or the interaction of bank foreign funding with rollover risk, or with

FX Expectations. pre, as before, stands for prior to the sudden stop.

We then estimate the following model:
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∆Yf,post = γ

Firm ex-ante exposure
to the sudden stop

due to the credit supply channel︷ ︸︸ ︷
Θf,pre +Xf,pre + µic + εf,post (3)

where ∆Yf,post is the change in the outcome variable for firm f from end-of-2008 to end-of-2009.21

The outcome variables are the sum of bank and trade credit, other debt (to shareholders or employ-

ees), total debt, operating profits, and tangible fixed assets (of firm f ). To account for the fact that

for some (but few) firms we observe zero values in some of these outcome variables before or after

the sudden stop, we define ∆Yf,post as
Yf,post−Yf,pre

(1/2)∗(Yf,post+Yf,pre)
.

To make sure that the identified effects are due to the credit supply channel, we exploit variation

across firms within the same industry and city (by including Industry (NACE 2-digit) × city fixed

effects, µic). This essentially mitigates the concern that firms with higher Θf,pre may systematically

be prone to the sudden stop via other potential channels (e.g., trade). Moreover, we control for a set

of key firm variables, Xf,pre, namely, size (log(total assets)), inverse indebtedness (log(capital/total

assets)), export ratio (overseas sales-to-total gross sales ratio), and short-term indebtedness (short-

term debt-to-total debt ratio). We double cluster standard errors at the industry and city level.

Given this specification, our coefficient of interest, γ, gives us how firms that ex-ante work more

with exposed banks differ in terms of change in the outcome variables, compared to firms within the

same 2-digit sector and city.

Empirical Results. Table 14 presents the results. We focus on two sets of firms: The first set

includes firms in our baseline regression, i.e., those at the intensive credit margin with multiple

banking relationships. The second set includes firms that have a bank credit relationship prior to the

shock, regardless of whether they work with a single bank or multiple banks or regardless of whether

they continue or terminate their existing credit relationship after the shock.

The key finding is that firms that ex-ante work more with banks with higher ex-ante reliance on

foreign funding cannot offset the reduction in bank credit by borrowing from other sources, such as

firms or shareholders (columns (1) to (4)). Eventually, such firms had to deleverage (columns (5) and

(6)), experience lower growth of operating profits (columns (7) and (8)), and reduce their investment

more (columns (9) and (10)). Moreover, for the larger set of firms –which include single-bank firms

and those they experienced terminated bank relationships as well–, we generally observe stronger

effects. Lastly, the effects appear not only statistically significant but also economically of relevant

21Since firm balance sheets and income statements are reported annually, we use end-of-the-year figures.
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magnitude. For instance, more exposed firms had to deleverage by 2.5% to 4% (columns (5) and

(6)), and reduce their fixed capital investment by 3.2% to 3.6% (columns (9) and (10)).

We do find similar results when we include bank rollover risks (Table 15). For firms that ex-

ante work more with foreign-funding reliant banks with higher rollover risks, we observe binding

financial constraints (columns (1), (3) and (5)), lower growth in operating profits (column (7)), and

lower investment (column (9)). However, the marginal effect of working more with high rollover

risk banks (on top of working with high foreign funding banks) seems negligible. We find similar

results when we include bank expectations about future funding conditions (Table 16). Firms that ex-

ante work more with foreign-funding-reliant banks with more pessimistic expectations experience

binding financial constraints (columns (1), (3) and (5)), lower growth in operating profits (column

(7)), and lower investment (column (9)), with the marginal effect of working more with pessimistic

banks (on top of working more with high foreign funding banks) appearing negligible. In sum,

the effect of working with ex-ante higher foreign funding banks seems to dominate rollover risk or

expectations channels for real outcomes.

4.2. Indirect Effects

Empirical Strategy. Our final question studies whether firms that are indirectly exposed to the

sudden stop through buyer-supplier linkages are also affected adversely. We first define firms’ indi-

rect exposure to the sudden stop (Θindirect
f,pre ) by taking into account by how much the firm is reliant on

supplier purchases and weighted average of its suppliers’ exposure to the sudden stop. In particular,

we define

Θindirect
f,pre =

Supplier Purchasesf,pre
Cost of Salesf,pre

∑
s∈Sf,pre

wfs,pre ∗Θs,pre (4)

where s ∈ Sf,pre stands for the set of suppliers selling goods to the firm f prior to the shock, wfs,pre

is the weight of each supplier s for firm f (the share of purchases from supplier s in total supplier

purchases of firm f ),22 and Θs,pre is the ex-ante exposure to the sudden stop (as defined in equation

(2)) of supplier s. Accordingly, we augment equation (3) by including the indirect exposure measure,

i.e., we estimate

22For firms that do not work with a supplier, Θindirect
f,pre attains a value zero.

21



∆Yf,post = γ1

Firm ex-ante exposure
to the sudden stop

due to the credit supply channel︷ ︸︸ ︷
Θf,pre + γ2

Firm ex-ante indirect exposure
to the sudden stop

due to the credit supply channel︷ ︸︸ ︷
Θindirect

f,pre +Xf,pre + µic + εf,post (5)

where Θindirect
f,pre is as defined by equation (4), and other variables are as defined above. We measure

whether firms that work more with exposed suppliers (i.e., with higher-Θs,pre suppliers, on average)

experience more adverse real outcomes. Similar as above, the identified effect is among firms within

the same industry and city, and we continue to control for key firm variables (Xf,pre).

Empirical Results. We find that firms more exposed to the sudden stop through its suppliers

experience more adverse real consequences (Table 17). For financial outcomes or operating profits,

we do not find significant effect of being indirectly exposed (columns (1) to (12)), while continuing

to find significant effects for the direct effect. For investment, we find significant indirect real effects

(columns (13) to (15)). In particular, a firm working more with exposed suppliers reduce its invest-

ment by 0.3% more –compared to a firm within the same industry and city, and with similar other

observable characteristics, but working less with exposed suppliers–. The estimated coefficient for

the indirect effect is about half of that for the direct effect (-0.658 vs. -0.378), and, evaluated at the

respective interquartile ranges, it is close to one-tenth of the direct effect (0.3% vs. 3.5%).

4.3. Underlying Mechanism for Indirect Effects

A potential mechanism might be that suppliers that are ex-ante more exposed to the sudden stop

–via working with banks with higher ex-ante reliance on foreign funding–, reduce their supply of

inputs to their downstream firms.23 To test whether this holds, we estimate the following equation:

∆Sfs,post = η

Supplier ex-ante exposure
to the sudden stop

due to the credit supply channel︷ ︸︸ ︷
Θs,pre +Xs,pre + µf + εfs,post (6)

where ∆Sfs,post is the log change in total sales of supplier s to the buyer firm f from the period

January 2008-September 2008 to the period January 2009-September 2009.24 Θs,pre is the ex-ante

23Previously, we show that the firm-level real effects of working more with banks with higher ex-ante reliance on
foreign funding dominates working with high rollover risk or pessimistic banks. We therefore focus on bank foreign
funding here.

24Since firm-to-firm sales may or may not happen precisely in September 2008 or September 2009, we here take a
longer time span for the ex-ante and ex-post periods, and to have equal time lengths for the pre and post periods and to
avoid any potential seasonality, we take the two periods symmetric covering same months of the two years.
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exposure of supplier s to the sudden stop, as defined in equation (2). µf stand for buyer firm fixed

effects. We double cluster standard errors at buyer and seller firm level (thus account for potential

correlation in errors for a given buyer, or for a given supplier).

We identify the effect by focusing on suppliers with different exposures to the sudden stop that

supply to the same buyer firm. Later, we also include buyer×supplier’s industry×supplier’s city
fixed effects to have coarsely similar suppliers or goods (with potentially similar transportations costs

incurred) –at the expense of losing some observations due to limited number of buyers buying from

at least two suppliers from the same industry and city. Xs,pre stand for supplier firm characteristics

(size, indebtedness, export ratio, and short-term indebtedness).

Note that equation (6) identifies downstream effects. To measure upstream effects, we augment

equation (6) by substituting supplier’s exposure to the sudden stop with the buyer’s, and saturating

the model with supplier fixed effects. By doing so, we essentially focus on buyers with different

ex-ante exposures to the sudden stop that buy goods from a given supplier.

Contrasting our granular approach to identifying the mechanism with Alfaro et al. (2019), note

that they have exploited firm-level balance sheet data and study whether including firm-level change

in accounts payable in their baseline regressions soaks up the effect of downstream effects (where

they gauge firm-to-firm linkages based on industry-level input-output tables). Here, we instead take

a granular approach. We focus on suppliers working with the same buyer (or buyers working with

the same supplier), and measure whether being more exposed to the sudden stop entails lower supply

of goods by suppliers, or lower demand by buyers.

We show that exposed suppliers reduce their supply of goods to their downstream firms (Ta-

ble 18). We start with a simple specification that includes suppliers’ exposure to the sudden stop

(weighted average ex-ante foreign funding of banks that the supplier was working with prior to the

sudden stop), without further controls or fixed effects. We then saturate the model with buyer fixed

effects for identification (column (2)), and buyer×supplier’s industry (NACE2)×supplier’s city fixed
effects (column (3)). The identified coefficient in column (2) shows by how much a supplier that is

ex-ante working more with high foreign funding banks prior to the sudden stop change its supply of

goods to a given buyer (among suppliers that sell inputs to the same buyer). Column (3) restricts

the set of suppliers to the same industry and city, that is, for a given buyer, we focus on suppliers

that operate in the same industry and city –thus are more likely to supply similar goods with similar

physical distances to the buyer firm–, yet differ in their exposures to the sudden stop.

Columns (2) to (4) show that, for a given buyer, the supplier that is ex-ante working more with
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high foreign funding banks prior to the sudden stop reduce its supply of goods more in the aftermath

of the shock. Economically, the effect appear relevant: Exposed suppliers reduce their sales more

by 1.7% (column (2)) to 2.4% (column (4)).

Moreover, there exist upstream effects (columns (5) and (6)). For a given supplier, buyers that

ex-ante work more with banks with higher ex-ante foreign funding reduce their demand. The effect is

economically weaker than downstream effects (about one-tenth). In columns (7) and (8), we include

supplier- and buyer-level control variables, and our key results remain intact.

Further Insights (Supplier Market Concentration). Intuitively, if a buyer firm has a more con-

centrated supplier market (i.e., if the majority of inputs to the buyer are provided by only a few

suppliers), then the buyer might have a lower bargaining power (potentially leading to adverse price

effects, see, e.g., Kikkawa et al. (2019)). Moreover, a firm relying on only a few suppliers may be

less able to compensate the reduction in the supply of inputs by switching to less affected suppli-

ers (Huneeus (2018)). Along these lines, we interact firm indirect exposure to the sudden stop with

ex-ante supplier market concentration. We calculate market concentration by Herfindahl-Hirschman

index, formally as

Cf,pre =

√√√√Sf,pre∑
s=1

(
Purchased Valuef,s,pre
Supplier Purchasesf,pre

)2

(7)

where Purchased Valuef,s,pre is the total sales of supplier s to the buyer firm f during the pre period

(January 2008-September 2008), and Cf,pre is the Herfindahl-Hirschman concentration index. In the

data, Cf,pre ranges between 0.09 and 0.99 with an average of 0.652 (see Table 3).
We find that a buyer with a more concentrated supplier market prior to the sudden stop experi-

ences a stronger drop in “other debt” (column (2)) and a stronger reduction in investment (column

(5)) after the sudden stop –as given by the estimated negative and significant coefficient for the in-

teraction of firm indirect exposure with supplier market concentration (Table 19)–. Evaluated at the

3rd quartile of the distribution of supplier market concentration, firms that are indirectly exposed to

the sudden stop reduce their investment by 0.79% more, close to one-fourth of the direct effect, and

nearly twice as large for an otherwise-similar firm at the 1st quartile of the distribution of supplier

market concentration (column (5)).

Moreover, having a concentrated supplier market per se has strong and adverse real effects (sec-

ond row). In particular, evaluated at the mean indirect exposure, a firm at the 75th percentile of

the distribution of supplier market concentration reduce its total debt by 7.2%, experiences 7.6%

24



reduction in operating profits, and reduces its fixed capital investment by 4.1%, compared to an

otherwise-similar firm at the 25th percentile of the respective distribution.

5. Conclusion

We trace in a well-identified way how a sudden stop permeates through the economy via the

credit supply channel, by exploiting the sudden stop of capital flows to Turkey after the Lehman

collapse. We use several large-scale administrative databases crucial for identification, including the

universes of interbank and bank-firm credit registers, foreign exchange rate expectations of banks,

and domestic firm-to-firm sales.

We first show that it is not only banks’ ex-ante reliance on global funding that suddenly dries up

(as often documented in the literature), but also banks’ having higher rollover risks in international

wholesale markets and holding more pessimistic expectations about future funding conditions that

drive the reduction in bank credit supply during the sudden stop. Second, the reduction in bank credit

supply has direct and indirect real effects –which we show by using the universe of firm-to-firm sales

data matched with the universe of bank-firm loans via the credit register–: exposed suppliers –that ex-

ante workmore with global-liquidity-reliant banks– reduce their supply of goods to their downstream

firms more, and firms ex-ante working more with exposed suppliers reduce their investment more

after the sudden stop (and more acutely so, for buyers with more concentrated supplier markets).

A follow-up analysis would be to broadly assess how a sudden stop propagates within the econ-

omy via channels other than the credit supply. For instance, firms with higher net open foreign

currency positions are likely to be affected more adversely after a sudden stop, and these adverse

effects potentially spill over to the firms in their production networks. We leave this for future work.

, , , ,
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Table 2: Persistence of Bank FX Expectations

(1) (2) (3)
FX Expectationsb,t-1 0.481*** 0.432*** 0.437***

(0.046) (0.048) (0.048)

Median FX Expectationst 0.057*
(0.033)

Capital Adequacy Ratiob,t-1 0.008 0.005
(0.015) (0.015)

Liquidity Ratiob,t-1 0.008 0.007
(0.011) (0.011)

Log(Assets)b,t-1 0.003** 0.003*
(0.001) (0.001)

ROAb,t-1 0.321** 0.398***
(0.133) (0.140)

NPL Ratiob,t-1 0.157 0.141
(0.165) (0.165)

Foreign Funding Ratiob,t-1 0.004 0.004
(0.011) (0.011)

Observations 380 374 374

R-squared 0.224 0.251 0.257
Note: The dependent variable is bank FX Expectations (12-month-ahead expected change in the 
USD/TRY exchange rate). The sample period is January 2007-September 2009. All bank controls are 
one month lagged. *** significant at 1%, ** significant at 5%, and * significant at 10%.
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Table 6: Bank Rollover Risks and FX Expectations vs. Characteristics of Firms in their
Loan Portfolios

Cross-Correlations Foreign Funding Rollover Risk FX Expectations

W. Aveg. Firm Log(Total Assets) 0.504* 0.104 -0.464*
W. Aveg. Firm Log(Capital/Assets) -0.179 -0.181 0.353
W. Aveg. Firm Export/Sales 0.098 -0.25 -0.163
W. Aveg. Firm Short-term Debt / Total Debt -0.209 -0.025 -0.485*
W. Aveg. Firm Past Loan Default -0.391 0.07 -0.003
W. Aveg. Firm Future Loan Default -0.356 0.011 -0.077
Notes. Each entry corresponds to pair-wise correlations. For instance, W. Aveg. Firm Log(Total Assets) is the average
log(total assets) of firms that exist in a bank's loan portfolio in September 2008, weighted by the share of a firm in total
credit granted by the bank. We followed the same procedure for the remaining variables. Firm Past Loan Default is a
dummy variable that takes a value 1 if the firm has defaulted on at least one loan at a bank during the last 2 years
before the sudden stop, and 0 otherwise. Firm Future Loan Default is a dummy variable that takes a value 1 if the firm
has defaulted on at least one loan at a bank during the following 2 years after the sudden stop, and 0 otherwise. ***
significant at 1%, ** significant at 5%, and * significant at 10%.
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Table 10: Robustness: Rollover Risk based on an alternative definition

Intensive 
Margin

New 
Lending 
Margin

Termination 
Margin

(1) (2) (3)
Foreign Funding -4.714*** -1.357*** 0.029

(0.158) (0.026) (0.040)

Foreign Funding * Rollover Risk -0.058*** -0.006*** -0.016***
                             (alternative definition) (0.004) (0.001) (0.001)

Foreign Funding * FX Expectations -1.185*** -0.434*** 0.169***
(0.043) (0.009) (0.013)

Bank Controls Yes Yes Yes
Firm FE Yes Yes Yes
Currency-type FE Yes -- --
Observations 292,717 478,296 383,460
R-squared 0.395 0.420 0.416

Economic Impacts
Log-change in credit granted (in % terms)
   … by high foreign funding bank (p75-p25) -10.4 -3.0 0.1

For a high foreign funding bank
   … if high rollover risk (p75-p25) -3.3 -0.3 -0.9
   … if pessimistic (p75-p25) -3.5 -1.3 0.5
Notes: The dependent variable is the log change in credit granted by bank b to firm f in
currency-type c . Rollover Risk is the ratio of long-term and short-term foreign wholesale
funding that is going to mature within 8 months after September 2008 to total foreign wholesale
funding. The levels of interacted variables are included in all columns. "Yes" indicates that
corresponding variables or fixed effects are included. Standard errors are clustered at firm level,
and given in parentheses. *** significant at 1%, ** significant at 5%, and * significant at 10%.
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Table 11: Rollover Risks (Baseline vs. Alternative Definition) vs. Bank Loan Portfolio
Characteristics

Cross-Correlations

Rollover Risk 
(Baseline: based 
on maturing long-

term foreign 
wholesale debt)

Rollover Risk 
(based on 

maturing short-
and long-term 

foreign wholesale 
debt) 

W. Aveg. Firm Log(Total Assets) 0.104 0.366
W. Aveg. Firm Log(Capital/Assets) -0.179 -0.446*
W. Aveg. Firm Export/Sales -0.255 0.461*
W. Aveg. Firm Short-term Debt / Total Debt -0.040 0.491*
W. Aveg. Firm Past Loan Default -0.091 -0.284
W. Aveg. Firm Future Loan Default 0.060 0.089
Foreign Funding -0.102 -0.094
Rollover Risk (Baseline) 1.000 0.022
FX Expectations 0.439 -0.122
Capital Adequacy Ratio -0.287 0.369
Liquidity Ratio -0.135 0.442
Log(Assets) 0.448* -0.478*
Return on Assets -0.126 0.228
NPL Ratio -0.057 -0.099
Notes. Each entry corresponds to pair-wise correlations. *** significant at 1%, ** significant at 5%, 
and * significant at 10%.
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Figures

Figure 1: Domestic Credit vs. Bank Foreign Wholesale Funding
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(b)
Note. The figure on the left (A) plots annual growth in total bank credit (solid line, left axis) and the annual
growth in foreign wholesale funding (dashed line, right axis). Vertical solid lines correspond to September 2008
and September 2009. The figure on the right (B) plots log change in total bank credit from September 2008 to
September 2008 against banks’ foreign wholesale funding (in proportion to their assets) in September 2008. The
circles are weighted by bank size. Source. Central Bank of the Republic of Turkey and Banking Regulation and
Supervision Agency of Turkey.
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Figure 2: Histogram of Bank Rollover Risks
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Note. The solid (blue) bars correspond to the histogram of our baseline measure of bank rollover risks, where
rollover risk is defined as the ratio of ‘cross-border foreign-currency loans that is originated at least one year be-
fore September 2008 and that is prescheduled to mature within 8 months after the sudden stop’ to total cross-border
foreign-currency loans in September 2008. The blank (red) bars correspond to the histogram of our alternative
measure of bank rollover risk, where we take all cross-border foreign-currency loans –regardless of their origina-
tion date– that is prescheduled to mature within 8 months after the sudden stop (and similarly, we normalize this
number with total cross-border foreign-currency loans in September 2008). For robustness, we also study different
horizons into the sudden stop, cross-border loans that happen to be scheduled to mature within 4, 5, 6, or 7 months
after the sudden stop.
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Figure 3: Histogram of Bank Expectations
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Note. The figure plots the histogram of banks’ 12-month-ahead expected depreciation in the USD/TRY exchange
rate, measured during the first two weeks of September 2008.
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Appendix A. Extended Literature Review

Our paper is related to a large strand of literature on the international transmission of financial

shocks, or more generally, on the real effects of credit supply shocks. Schnabl (2012), for instance,

show that the 1998 Russian default has adverse real effects on Peruvian firms, via international banks

reducing lending to Peruvian banks, and Peruvian banks, particularly domestically-owned banks that

borrow internationally, reducing their supply of local credit. Iyer et al. (2014) and Cingano et al.

(2016), the former for Portugal and the latter for Italy, show that banks that were ex-ante highly re-

liant on the European interbank market reduce their supply of credit more strongly in the aftermath

of the market freeze. Cingano et al. (2016) further show that firms attached to affected banks re-

duce their investment and employment more strongly. Ongena et al. (2015) show in a multi-country

setting that internationally-borrowing domestic and foreign-owned banks have significantly lower

credit growth during the global financial crisis, and that the reduction in credit has adverse effects

on firms’ real performances. di Giovanni et al. (2018) show that when global risk aversion (VIX)

is lower, domestically-owned banks in Turkey with higher level of non-core liabilities increase their

supply of credit and reduce their loan rates, and that looser domestic credit market conditions are not

particularly due to higher collateral values, but due to lower borrowing costs that make borrowers

more able to pay back their loans. Finally, Chodorow-Reich (2014) and Bentolila et al. (2018) iden-

tify a significant adverse impact on employment of the drop in bank credit supply during the global

financial crisis, the former for the US and the latter for Spain.

Our key contribution to this strand of literature is to uncover that banks’ rollover risks in interna-

tional wholesale markets and expectations about future funding conditions also matter for the credit

supply channel, and that the reduction in bank credit supply has cascading real effects.

Our paper is also related to the recently growing literature on domestic production networks.

Barrot and Sauvagnat (2016), for instance, show that suppliers affected by natural disasters pass

significant output losses on their downstream firms, particularly when they produce essential inputs

for the final production. Tintelnot et al. (2017) show that international trade shocks even affect firms

that do not directly export and import. Huneeus (2018) show that costly adjustment in buyer-supplier

linkages amplifies the propagation of international trade shocks within the economy. Moreover, cost

shocks propagate through domestic production networks, and eventually affect pricing of final goods

in domestic markets (Duprez and Magerman, 2018) or in export destination markets (Akgunduz and

Fendoglu, 2019).

Unlike real shocks such as natural disasters or trade shocks, here we focus on a financial shock
A1



(the sudden stop). Relatedly, Cingano et al. (2016) show that Italian firms ex-ante borrowing more

from affected banks –namely, from banks more reliant on the European interbank market funds at

the onset of the market freeze– have a lower growth rate of trade credit in the aftermath of the shock.

The reduction in aggregate trade credit at the firm level hints at the propagation of credit constraints.

Using a large database on US firm-to-firm trade credit transactions, Costello (2019) show that firms

that experienced larger decline in bank credit during the global financial crisis have reduced their

trade credit to their clients, eventually leading downstream firms to reduce their employment. We

differ from Costello (2019) by being able to offer a more precise measure for firm exposure to the

credit supply shock –a virtue of having bank-firm level credit register. Moreover, we identify firm-

to-firm linkages using domestic firm-to-firm sales data, which is administrative for value-added tax

purposes, and covers nearly the universe.

Combining the input-output structure of 64 industries in Spain with the domestic Credit Regis-

ter, Alfaro et al. (2019) report sizeable direct and indirect real effects of firm credit supply shocks

(spanning expansion, crisis and recession years). Since the input-output structure is at the industry-

level, they proxy firm-to-firm exposures by assuming that suppliers within the same industry affect

their downstream firms symmetrically the same (and similarly for buyers within the same industry

for their upstream firms). Moreover, they explore the mechanism via using firm-level balance sheets

(accounts payable). Exploiting the firm-to-firm sales database, we essentially have the input-output

structure at the buyer-supplier level, which enables us to reach sharper inferences, and further, to

more precisely identify underlying mechanisms –by comparing supply of inputs to the same buyer

by suppliers with different exposures to the sudden stop, or by comparing demand for inputs from

the same supplier by buyers with different exposures to the sudden stop, or exploring whether more

concentrated supplier market for a given buyer makes the identified indirect effects stronger–.
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