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Abstract

We analyze the effect of an exogenous shock to demand in product markets on the de-
fault risk of small businesses. Using the 2007-2008 financial crisis as exogeneous variation,
we explore the fact that firms from export intense sectors were hit differently by the shock
than firms from less export dependent sectors. We find that the shock to market demand
increased the default risk of firms from the more affected production sector by 30 percent
relative to the overall sample average default risk. This effect is particularly pronounced
in areas with fiercer bank competition. Higher default risk of firms may explain the more
restrictive credit supply by lenders generally witnessed during a financial crisis and is con-
sistent with firms’ changed investment and financing policies as a consequence of such a
crisis.
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1 Introduction

There are several channels how an exogenous aggregate shock like a financial crises may affect
the real economy. It may spill over to the real economy by affecting demand in product
markets, which can lower firms’ profitability and increase their default risk. Rising default
risk may induce firms to reduce their investments and adjust their financing policies. A
financial crisis can also cause financial contagion and lead to more restrictive behavior on
the side of banks, for instance by tightening lending standards or cutting back credit supply.
Finally, a financial crisis may induce firms that perceive the severity of the shock to behave
differently depending on their pre-shock riskiness and the effect the shock is having on them.
It is of paramount importance for regulators and policymakers to understand and disentangle
these channels in order to take the appropriate corrective action. For instance, if an aggregate
shock leads to credit market contagion and results in credit market freezes, the policy reaction
should be to inject liquidity into the market to prevent banks from cutting back credit supply
and avoid negative spillover effects to the real economy. On the other hand, if there is a crisis-
induced shock to product market demand that increases firms’ default risk, liquidity injection
does not mitigate the resulting problems. In this case, the right policy reaction should be
to stimulate the economy by increasing product demand, for instance through subsidies or
favorable tax laws.

Surprisingly, the product market demand channel has so far been largely neglected in the
literature. Our study tries to fill this gap. Specifically, we investigate how a shock to product
market demand affects the default risk of small businesses using the 2007-2008 financial crisis
as a natural experiment to identify the effect. Identifying how such a shock affects firms’
default risk poses two major challenges for the researcher. First, the shock needs to be truly
exogeneous in order to get consistent and unbiased regression estimates. Specifically, it needs
to be ruled out that firms’ behavior before the shock contributed to cause the shock. We
circumvent this problem by using the recent financial crisis as the exogeneous shock and by
focusing our analysis on small businesses in Bosnia-Herzegovina, a central-eastern European
country, where we can safely assume that firm behavior had nothing to do with the crisis.
Second, it is empirically difficult to disentangle firm and lender behavior in response to such a
shock. This is crucial because both may have independent (or joint) effects on firms’ repayment
behavior. We address this by using detailed loan-level data that allow us to compare firms
that received loans and fully repaid these loans before the crisis with firms that received loans
before the crisis with a loan maturity in the crisis period. This approach does not only give
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us a clean control group, it also allows us to rule out that a change in behavior of the bank
(e.g. the use of tougher lending standards) or selection effects on the side of borrowers (i.e.
riskier firms applying for loans) as a consequence of the crisis drive our results. Furthermore,
it allows us to address the main research question of this paper, namely the analysis of how
product market demand shocks affect firms’ repayment behavior.

We use a rich loan-level dataset of more than 35,000 approved loans to small firms from
a commercial lender in Bosnia and Herzegovina to identify the crisis’ effect on firms’ default
risk. Our identification strategy relies on the use of a difference-in-differences approach in
estimating the probability of loans to be in arrears, our measure for default risk. We isolate
the market demand channel effect of the crisis on default risk from any potential effect on
repayment behavior induced by changes to the lender’s credit supply decisions by restricting
the analysis to loans given out in a “clean” pre-crisis environment. Focusing on pre-crisis
loans, the first variation we exploit is to compare loans which run into the crisis time with
loans maturing before. For this purpose, we utilize September 15, 2008, the date of the
Lehman Brothers collapse, to mark the crisis’ beginning in Bosnia and Herzegovina. This is in
line with Bosnian high-frequency macro-economic data, as well as with research documenting
a “recoupling” of economic development in countries like Bosnia and Herzegovina with that
of developed economies in the fall of 2008 (Korinek et al., 2010). The date of the collapse of
Lehman Brothers was also used by other researchers to mark the beginning of the crisis (e.g.
Ivashina and Scharfstein (2010); Campello et al. (2011)).1

The second identifying variation is to define firms’ loans to be more affected (treatment
firms) or less affected (control firms) by the crisis according to firms’ export dependency
because the crisis spilled over to Bosnia and Herzegovina mainly through a shock to export
demand. More specifically, we argue that an aggregate shock to market demand leads in the
first stage to lower firm profits and, in the second stage, as a result increases firms’ default
risk. Our identifying assumption is therefore that the crisis is the only event that affects the
relative difference between export and non-export dependent sectors at the time it occurs. A
battery of tests including tests of differences in observable characteristics of treatment and
control firms and pre- and post-crisis placebo tests validate this identifying assumption.

Our findings suggest that default risk of small businesses increased substantially as a
result of the financial crisis. Speficially, relative to the control firms, the default risk of
more export-dependent firms with loans running into the crisis period is six percentage points
1 We get the same results if we allow for an earlier beginning of the crisis or anticipation effects on the side

of the lender or firms.
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higher. This represents an increase of approximately 30 percent of the overall sample average.
The results are not driven by an increase in the interest rate, which could induce greater
risk-taking by borrowers or a priori attract higher-risk clients. Moreover, we show that the
analysis is not confounded by any other changes in observable client and firm, loan, or loan
officer characteristics. This allows us to rule out that self-selection on the part of the firms
borrowing from the lender drives our results.2 The results rather suggest that a reduction in
product market demand seems to be an important channel through which aggregate shocks to
the economy spill over to firms. Furthermore, we find that the effect is particularly pronounced
in regions where competition among lenders is strong. This is consistent with firms having
easier, greater, and cheaper access to credit in regions where competition among lenders is
strong (e.g. Beck et al., 2004) leading to unsustainably high debt levels that in times of a crisis
exacerbate repayment difficulties.

Our study contributes to the literature on the financial crisis in general and particularly
its real effects on firms. For instance, the causes of the crisis in the subprime mortgage
sector (e.g. Mian and Sufi, 2009; Demyanyk and Hemert, 2011) and its transmission to other
asset classes (e.g. Longstaff, 2010) have been well established in the literature. Also, several
authors demonstrate that the crisis has increased financing constraints for firms. Ivashina and
Scharfstein (2010) show that while corporate borrowers made heavy use of their existing credit
lines, new-loan volume decreased dramatically during the crisis.3 Studying retail lending in
Germany, Puri et al. (2011) also provide evidence on credit supply restrictions due to the
crisis. Gao and Yun (2009) show that riskier firms experienced a sharp drop in commercial
paper issuance while Kuppuswamy and Villalonga (2012) find that the financial crisis impacted
diversified firms less. The increased difficulty for firms in securing debt financing is also shown
to have had a real effect on investment. Duchin et al. (2010), for example, demonstrate that
firms’ investment spending decreased significantly due to the crisis, most likely caused by a
credit supply shock (see also Campello et al., 2010; Almeida et al., 2012). The most closely
related work to our study is Kahle and Stulz (2013) who provide evidence that firms’ financial
and investment policies were significantly affected by the financial crisis. Contrary to most of
the literature, they argue that their findings are consistent with the financial crisis causing a
shock to market demand and an increase of firms’ default risk. These, in turn, then affected
firms’ financing and investment decisions.
2 The test we run is based on observable borrower characteristics. We are left with the possibility that

selection based on unobservables has an impact on our results.
3 Campello et al. (2011) also provide evidence for firms’ use of credit lines during the time of the crisis and

how this cushioned the crisis’ impact on corporate spending.
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However, our study is the first to explicitly show that the financial crisis indeed substan-
tially increased firms’ default risk and that the risk increase was caused by a shock to demand
in product markets which adversely hit firm profitability. Our findings may provide an ex-
planation for the evidence of a more restrictive loan supply during the crisis in addition to
refinancing and liquidity difficulties on the part of lenders (as in Cornett et al., 2011). It is
also consistent with the evidence in Kahle and Stulz (2013) that an increase in firms’ default
risk changed their investment and financing policies. Furthermore, knowing how an aggregate
shock affects firms through the market demand channel may help regulators and policymakers
to take the appropriate corrective action in order to ease the negative effects of such a shock
for the real economy.

The remainder of this paper is structured as follows. Section 2 presents institutional
background information and lays out our identification strategy. The main findings and a
series of robustness tests are discussed in Section 3. Section 4 investigates bank competition
as a potential mechanism that may explain our findings. Section 5 concludes.

2 Data and identification strategy

This section provides background information about the lender and the particular setting of
Bosnia and Herzegovina. It also discusses our empirical strategy to identify the effect of the
crisis on firms’ repayment behavior and provides a first look at the data including descriptive
statistics.

2.1 Institutional background

We use a rich loan-level dataset from a commercial lender that serves small businesses in
Bosnia and Herzegovina. The lender is part of an international banking group offering banking
services in more than twenty countries worldwide. The dataset we use includes more than
35,000 approved loans from the beginning of 2005 to the fall of 2008, covering all 17 branches
of the lender. The lender did not have any credit card business in the sample period so that
we can rule out that credit card loans are included in the sample. For each loan, we observe
application, approval and maturity dates, as well as key socio-demographic client and firm,
loan, and loan officer characteristics. The latter are important because rejection and approval
of a loan application as well as the setting of the interest rate is at the discretion of the
loan officers working for this lender. The loan officer that originates a certain loan is also in
charge of monitoring the borrower’s repayment behavior. We are able to observe each loan’s
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repayment timeliness up to June 2010. If a loan is in arrears for more than 30 days, the
loan officer intensifies monitoring, for instance, by calling and visiting the borrower to inquire
about the reasons for repayment delay. The intensification of monitoring after a loan is in
arrears for more than 30 days is not at the discretion of the loan officer, but it is rather a
bank-internal policy that all loan officers have to adhere to.

To analyze the effect of the crisis on firms’ repayment behavior, we define a binary variable
Arrears_30 taking on the value of one if the loan is in arrears for more than 30 days at any time
over the loan term and zero otherwise.4 We use this variable as our main dependent variable
in the regressions below. The 30-day threshold represents a substantial delay in payment
considering a typical scheduled repayment frequency of 30 days and therefore indicates severe
repayment difficulties. Moreover, the monitoring intensification triggers additional costs and
as a result should lower bank profitability.5

We use the 2007-2008 financial crisis to model an exogeneous aggregate shock to the
economy and study its effect on default risk in small businesses in the setting of Bosnia
and Herzegovina, an “upper middle income” country as classified by the World Bank. Since
gaining independence in 1992, the former Yugoslavian country has turned into a high-growth
economy that over the last decade has had an annual GDP growth rate of around six percent
(The World Bank, 2012). Its economy is focused on industrial activities, agriculture, and
trade. It has substantial international trade ties which is emphasized by the fact that foreign
trade volume represented about 75 percent of the total size of the economy in 2009 (Central
Bank of Bosnia and Herzegovina, 2010). The main export products are metals and mining
products, industrial equipment, wood products, footwear, and chemical products.

Beginning in the fourth quarter of 2008 and during 2009, the financial crisis severely
affected the economy of Bosnia and Herzegovina. Annual real GDP growth declined to 5.4
percent in 2008, and the economy contracted by 2.9 percent in 2009. The country was affected
mainly by a shock to its exports (Central Bank of Bosnia and Herzegovina, 2010). Because of
its export dependency, it has been vulnerable to economic downturns of the trading partners
who were negatively affected by the financial crisis. This is also a consequence of the fact that
approximately 50 percent of total imports and exports are with the EU-27 countries, making
4 For loans that are terminated by the time we obtained the database at the end of June 2010 we are

observing whether they have been in arrears for more than 30 days at any time over the full loan term.
Not all loans, however, are terminated by the end of June 2010 but instead run further into the future.
For those loans, we know whether they have been in arrears for more than 30 days at any time over the
loan term we are observing, i.e. from the start of the loan until the end of June 2010. We discuss potential
implications of this right censoring of the data below.

5 Below, we show the robustness of our results using repayment delays of 60 or 90 days instead.
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them the key trading partners of Bosnia and Herzegovina (Agency for Statistics of Bosnia and
Herzegovina, 2009). The drop in exports suggests that market demand for export-oriented
firms decreased which, in turn, may have reduced these firms’ profitability and increased their
default risk. How this market demand channel affected firms’ default risk is the main object
of analysis of this study.

2.2 Sample composition and identification strategy

We use loan-level data covering the time period January 2005 to September 2008. The re-
striction on the time period ensures that our sample does not include loans from a very early
and potentially very different time period. We focus on loans only that were given out in a
pre-crisis environment. We thereby avoid that the analysis is confounded by the supply and
demand effects of the crisis at the loan approval stage and any related selection effects. This
ensures that we are not measuring a change in client type which is systematically correlated
with default risk.6 We winsorize the widely distributed variables on firm financial data as well
as the interest rate at the 1/99 percent level.7 The data sample contains 35,919 approved
loans to small businesses.

We estimate changes in default risk as a consequence of the financial crisis using a difference-
in-differences approach. We thereby seek to identify any difference in changes of arrear prob-
ability over time between loans which are more and those which are less affected by the crisis.
In particular, based on information about the timing of approval and maturity dates we clas-
sify loans as crisis loans if they run into the crisis period as opposed to loans maturing before
the beginning of the crisis. For this purpose, we utilize September 15, 2008, the date the
U.S. investment bank Lehman Brothers filed for Chapter 11 bankruptcy, to mark the crisis’
beginning in Bosnia and Herzegovina. Besides being frequently used by a number of authors
in the existing literature on the financial crisis (e.g. Ivashina and Scharfstein, 2010; Campello
et al., 2011), it is a meaningful cut-off date in our setting. First, while the financial crisis
began early in 2007 in the United States, severe effects on the real economy were not to
6 The crisis does not come as a shock to a borrower who decides to apply for credit after the beginning

of the crisis and to a lender that decides to approve or reject this application in a crisis environment.
Observing the severity of the crisis, borrowers could have reacted differently depending on their riskiness
and the effect the crisis is having on them. Either the crisis causes only very safe borrowers to apply
for credit or only strongly financially distressed borrowers in great need to apply for financing. Similarly,
observing the severity of the crisis, the lender could have decided to be more restrictive in giving out
credit as predicted by research on the real effects of the crisis as cited above. Borrowers of loans approved
after the beginning of the crisis may, therefore, be very different from borrowers of loans approved before.
Focusing on pre-crisis loans only, we are able to avoid that such effects drive our results.

7 Results are not changed by this transformation.
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be seen until 2008. The investment bank’s collapse and the fact that it was allowed to fail
had large systemic consequences, ultimately causing economic recessions in many countries
around the globe. Second, the fall of 2008 is seen as a turning point in the way emerging and
particularly developing countries were affected by the global crisis. Initially, i.e. from 2007
to the summer of 2008, the crisis was unique to the United States and other industrialized
economies. However, in the following period, especially after the Lehman collapse in Septem-
ber 2008, lower-income economies began to show negative economic effects similar to those
of the developed world.8 Monthly economic data from Bosnia and Herzegovina emphasize
that it is indeed a relevant date in the context of Bosnia and Herzegovina. Figure 1 plots the
annual export growth from Bosnia and Herzegovina from January 2007 to December 2009.
Evidently, the collapse of export growth, which has been identified as the key transmission
channel for the crisis in Bosnia and Herzegovina, had started shortly after the Lehman failure
and continued well into 2009.

Following this reasoning we define the binary variable Crisis as equal to one for loans
maturing less than 30 days before the crisis or for those maturing after the beginning of the
crisis. It is equal to zero for loans maturing 30 days or more before the beginning of the crisis
on September 15, 2008.9 The division causes 34 percent of the observations being classified as
running into the crisis period.

We further divide all loans into two groups according to the firm’s business sector. We com-
pare the production sector with all other sectors in which firms in our dataset operate, namely
agriculture, construction, transport, trade, and other services. Our reasoning for this distinc-
tion is based on the fact that the financial crisis spilled over to Bosnia and Herzegovina mainly
through the trade channel, particularly because it was a shock to export demand. We exploit
variation in the importance of exports in economic output across sectors, postulating that
more export-dependent sectors are more directly affected by this development. Official data
on exports by sector of business activity provided by the Bosnian Bureau of Statistics make it
evident that the production sector is the economic sector that is most export-dependent with
exports making up around 40 percent of total output in this sector. For most other economic
sectors of firms in our dataset, the export share in output is either zero or relatively small.
8 Korinek et al. (2010) provide theoretical motivation for a “decoupling-recoupling” hypothesis.
9 We use the cut-off of 30 days before September 15, 2008 because we are estimating the arrear probability

of 30 days or more. Using September 15, 2008 as a cut-off instead may lead to an incorrect classification.
Observing a loan which matures, for example, on September 5 to be in arrears of more than 30 days could
be driven by the last payment and therefore the “post–September 15, 2008” time period. Our results
remain, however, qualitatively similar if we use September 15, 2008 as a cut-off date.
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Our identifying assumption is, therefore, that loans of firms in the production sector are more
affected by the crisis than those from other sectors. While the crisis certainly had a broad
effect on the economy, the export shock as the most important effect is likely to have caused
this sector to be more affected than others. Even if firms in the production sector do not ex-
port themselves, their direct business environment will be more affected by plummeting export
demand than that of firms from other sectors. To alleviate concerns that our analyses may
pick up some unobserved heterogeneity between the production and the other business sectors,
we also provide results where we use a proxy for the export intensity to distinguish between
more and less affected business sectors. The results, which are presented in the robustness
tests section, are unchanged when we use this distinction instead.

Both economic data from Bosnia and Herzegovina, as well as financial information on firms
in our dataset suggest that firms indeed faced a deteriorating business situation, especially
in the production sector. Figure 2 shows the annual growth of Gross Value Added (GVA)
in Bosnia and Herzegovina from 2005 to 2009 in the production sector as well as other sec-
tors pooled. While economic growth in all sectors dropped to a negative value in 2009, the
contraction was most severe in the production sector. Figure 3 plots information from our
dataset. In particular, it shows firms’ median annual net profit at the time of loan application.
The figure uses the sub-sample of firms from our baseline sample which returned for another
loan application after the beginning of the crisis augmented with those post-crisis loan appli-
cations. It therefore enables a clean comparison of firm financials from the same firms used
in our estimation. Figure 3 suggests that firms in our dataset indeed experienced declining
profits, especially in the production sector.

One concern with the difference-in-differences identification strategy is that loans from
production and non-production sectors are so different from each other that there may be
changes in arrear probability that differentially affect those sectors but are entirely unrelated
to the effects of the crisis. This essentially refers to the parallel trend assumption common
to any difference-in-differences analysis. We assume that while there may be a difference in
arrear probability between groups, this difference is time-constant and would have prevailed
had the crisis not occurred. Figure 4 shows that this assumption seems justified. It plots
the share of loans in arrears for more than 30 days separately for production (light gray) and
non-production (dark grey) sectors by the semester of loan maturity. There is clearly a parallel
trend in arrear probability between the groups before the start of the crisis. However, around
the collapse of Lehman Brothers, we see a structural break in the default risk of firms from the
production sector relative to the default risk of non-production firms, providing reassurance
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that our identification assumption seems to be valid. Besides this graphical analysis, below
we additionally provide formal tests to further validate the parallel trend assumption.

2.3 Test of differences in observable firm characteristics

Another potential concern with our methodology is that selection effects cause loans (or bor-
rowers) in the production sector running into the crisis period to be systematically different
from those in other categories. Using the rich information available in the dataset, we examine
whether there are differences in observable client and firm, loan, and loan officer covariates
between loans maturing before and loans maturing after the start of the crisis, for borrowers
from the production compared to borrowers from the other business sectors. While we cannot
test for changes in unobservable characteristics, finding no significant differences in observable
characteristics helps to abate concerns that selection effects drive our results. Following the
identification strategy outlined above, we use OLS to estimate regressions of the following
form.

Yic = α+ Crisisi + Productionc + β ∗ Crisisi ∗ Productionc + θt + θb + uic (1)

Y in this equation refers to any of the observable covariates for loan i of client c. These
covariates, which are defined in Table 11 in Appendix B, comprise firm owner covariates
(socio-demographic data on the firm owner’s gender, age, civil status, household size, employ-
ment status), information regarding the firm’s prior relationship with the bank (indicators for
whether any previous loan of the same borrower had been rejected or had been in arrears), and
information about the firm’s size and financial situation. Furthermore, loan-level covariates
such as the annualized interest rate fixed at the beginning of the loan term, the applied loan
amount, the applied loan maturity, the availability of either a personal guarantee, a chattel
or mortgage collateral, and the loan use (working capital, fixed assets, a combination of the
two, or other). Finally, the covariates comprise time-variant loan officer covariates, which are
the loan officer’s age and the experience measured by the total number of applications the
loan officer has handled up to the time of the loan application. Crisis is a binary variable
equal to one for loans classified as running into the crisis period and zero for those maturing
before. Production is a binary variable indicating whether the firm is in the production sector.
The estimation includes fixed effects for time (θt), i.e. the year of loan application as well
as the month in a year, and the branch office (θb) to account for heterogeneity across time
and geographic region. We cluster standard errors at the sector-by-branch level accounting

10



for possible heteroskedasticity induced by similarities between clients along those dimensions.
The coefficient of interest is β. A significant coefficient indicates a difference in Y between
loans running into the crisis period and those maturing before taken out by borrowers from
the production sector relative to loans of borrowers from the other business sectors.

Table 1 shows the means of all covariates for production and non-production loans before
and in the crisis. Moreover, using estimations of Equation (1), it shows the p-value of the single
differences between production and non-production before and during the crisis (columns III
and VI) as well as the p-value of the difference-in-differences, i.e. of β in Equation (1) (see
column VII). While there are significant single differences in covariates between production
and non-production, the difference-in-differences estimates turn out to be insignificant. This
implies that there is no evidence for selection effects on observable characteristics that would
interfere with the estimation of the crisis’ effect on arrear probability. We do find a significant
difference-in-differences solely for the interest rate. We are, however, not concerned about
this result because the difference-in-differences is negative.10 While a higher interest rate
induces greater risk-taking or a priori attracts higher-risk clients, a negative difference-in-
differences suggests that we would, if anything, underestimate the effect of the crisis on arrear
probability. The results of these tests give us reassurance that our results are not driven by
firm self-selection.11

2.4 Descriptive statistics

While the previous analysis provided a mean comparison of covariates across the sub-samples
of the difference-in-differences analysis, this section briefly highlights the overall descriptive
statistics provided in Table 2. Concerning the dependent variable (Panel A), on average 18
percent of loans are in arrears for more than 30 days in the sample period.

On the client level (Panel B/C), other services, agriculture, and trade are the most fre-
quently represented business sectors. Moreover, borrowers are mostly male, married, and
self-employed with an age of around 40 years. On average, previous experience with borrow-
ers have been largely positive – previous loan rejections and cases of previous arrears are very
rare. Both the firm financial data as well as the number of employees reported by borrowers
highlight that this is, in fact, a sample of small and very small businesses.
10 The difference in the interest rate between loans from the production sector and those from other sectors

decreases from 0.01 percentage points before the crisis to -0.83 percentage points for loans running into
the crisis. This represents a difference-in-differences of -0.84 percentage points.

11 As we do not have a random sample, we cannot rule out that self-selection based on unobservable firm
characteristics may have an effect on our results.
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Loan characteristics are shown in Panel D. The average amount borrowers applied for is
approximately 3,000 Euro with a maturity of two years and an interest rate of 11 percent.
Almost all loans have a personal guarantee and/or are secured with mortgage or chattel
collateral – personal guarantees are most prevalent. Moreover, 10, 16, and 4 percent of loans
can be identified as being used for working capital, fixed assets, or a mix of working capital
and fixed assets, respectively.

Finally, Panel E shows time-variant loan officer covariates. At the time of the loan applica-
tion, the loan officer is on average 31 years old and has already handled 342 loan applications
during her time of employment as a loan officer at the lender.

3 Main empirical results

Using the data and identification strategy outlined above, this section presents the baseline
results of how an exogenous shock to product market demand affects small businesses’ default
risk. We then provide a battery of tests to validate our identifying assumption and to show
the robustness of the results.

3.1 Univariate results

Before presenting regression estimates, we present univariate results in Table 3. The table
displays the mean outcome variable for our treatment (loans to firms from the production
sector) and control (loans to firms from business sectors other than production) group associ-
ated with loans maturing before the beginning of the crisis and those running into the crisis
period. Moreover, it shows the respective simple differences and the difference-in-differences.
Significance is tested using standard mean comparison t-tests.

These univariate results suggest an increase in firms’ default risk as a result of the crisis.
Specifically, before the crisis, the average share of loans in arrears is similar for the treatment
(9.2 percent) and the control group (10.9 percent) – in fact, the difference between the two
groups is insignificant. While arrear probability rises substantially for both groups when
looking at loans running into the crisis period, the share of loans in arrears is 4.3 percentage
points or 13.5 percent in terms of economic magnitude larger for loans in the treatment group.
The resulting difference-in-differences of six percentage points suggests that the crisis had a
substantial risk-increasing effect on loans to firms in the treatment group vis-à-vis firms in the
control group. As we only consider loans that were given out before the crisis started, this
effect does not stem from a change in credity supply or, as discussed above, firm selection,
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but is rather triggered by an exogenous shock to product market demand that lowered firms’
profits and increased their default risk.

3.2 Baseline regression results

We next present regression estimates using the following regression estimated with OLS:12

Arrears_30ictsob = α+ Crisisi + Productionc + β ∗ Crisisi ∗ Productionc

+θs + θt + θb + θo +Xo +Xc +Xi + uictsob (2)

In this specification, Arrears_30 is a binary variable that takes on the value of one if the loan
i of client c has been in arrears for more than 30 days at any time over the whole observed
loan term and zero otherwise. Crisis and Production are defined as before. The parameter of
interest is β. It measures the average effect of the crisis on the arrear probability of the more
affected production loans after controlling for the general effect of loans running into the crisis
period and the pre-existing difference in arrear probability between sectors. The regression
specification furthermore includes fixed effects for sectors (θs), time (θt), i.e. the year of loan
application as well as the month in a year, to control for general time effects.13 Fixed effects
for the branch office (θb) are included to account for unobserved differences across geographic
regions in Bosnia and Herzegovina. θo represent fixed effects for the loan officer to capture any
systematic effect of the loan officer’s individual judgment about default risk at loan approval as
well as her unobserved ability to monitor and enforce repayment. Furthermore, we control for
vectors of loan officer (Xo), client and firm (Xc), and loan characteristics (Xi), as previously
described. As discussed above, the consistency of β does not depend on the inclusion of these
covariates in the model if the identifying assumption is correct, and all we achieve by including
these covariates is to get more precise estimates. As before, standard errors are clustered at
the sector-by-branch level.

Table 4 presents the baseline results. While all specifications include time and branch fixed
12 We use OLS despite the binary nature of the dependent variable. First, this enables a direct interpretation

of the estimated difference-in-differences coefficient as a marginal effect. Second, non-linear estimation via
a probit model would result in the loss of all observations for which there is no variation in the binary
variable on the individual level of the fixed effects used. Unreported results using the method of estimating
the correct marginal effect of an interaction term with probit developed by Ai and Norton (2003) are
qualitatively very similar to the OLS results.

13 The month fixed effects thereby also capture any possible seasonal difference in client types approaching
the lender for credit. This may be particularly important as it may be related to the business sector which
is critical for our identification strategy.
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effects, we gradually include sector, loan officer fixed effects as well as loan officer, client and
firm, and loan characteristics as indicated at the bottom of the table. Our preferred model
is specification V in which we control for loan officer as well as client and firm characteristics
and the full set of fixed effects. In specification VI we further include loan characteristics in
the estimation. As these are arguably endogenous to the outcome variable, in all regressions
below we continue with specification V.

The findings in Table 4 show that there is a significant effect of the exogenous aggregate
shock on arrear probability. The estimates of β are significantly positive and of similar size
in all specifications. As expected, statistical significance becomes stronger once we include
more covariates and fixed effects because the estimation becomes more precise. In our pre-
ferred specification, the difference in the arrear probability between loans running into the
crisis period and those maturing before is 5.8 percentage points higher for the group of loans
from the more affected production sector. Besides being highly statistically significant, this
effect is also economically meaningful as it represents approximately 30 percent of the overall
sample average arrear probability of 18 percent. The result also holds when controlling for
loan characteristics in specification VI. This is especially important because these loan char-
acteristics include the interest rate. It is therefore further evidence that the increased default
risk we observe is not a consequence of different interest rates for loans from the treatment and
control group. Overall, the baseline results suggest that the financial crisis affected default
risk of small businesses and, given the way we identify this effect, the increase in default risk
seems to come through the product market demand channel.

3.3 Discussion of identifying assumption

A crucial assumption of any difference-in-differences approach is the assumption of a parallel
trend, i.e., the assumption that while there may be a difference in arrear probability between
the treatment and the control group, this difference is time-constant and would have prevailed
had the exogenous shock not occurred. A graphical analysis of this assumption was provided
above (Section 2.2, Figure 4). Here, we provide a more formal test for the parallel trend
assumption. Specifically, we first restrict the analysis to the non-crisis sample of loans maturing
before the beginning of the crisis and run the baseline test on fictitious placebo events.

To validate the parallel trend assumption, we perform two additional estimations in which
we assume that the crisis started on September 15, 2006 or on September 15, 2007. Equivalent
to the baseline estimation, we then restrict the sample to loans given out 30 days or more
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before the respective placebo event and categorize all loans as crisis loans if they run into the
fictitious crisis period as opposed to loans maturing before. Since on those dates, no crisis
actually occurred we should not see a significant increase in the arrear probability as we do for
the actual crisis date, that is, the arrear probability of the placebo treatment and the placebo
control group loans should not behave differently. In fact, Table 5 shows the estimated β

coefficients to be insignificantly different from zero (columns I and II).
In a third test we show that our results are not driven by any general time trend in the

difference between the two groups after the beginning of the crisis that coincided with the
crisis. We do this by performing a placebo test using the sample of loans running into the
crisis period only. Using this sample, we perform the exact same test around September 15,
2009 as a fictitious crisis start date in order to investigate whether we find the same pattern of
arrear probability behavior between treatment and control group as in the baseline analysis.
As shown in Table 5 (column III) the estimated coefficient is close to zero and statistically not
significant. Overall, these tests provide validity for the important parallel trend assumption
and together with the covariates tests and the graphical analysis in section 2.2 give us assurance
that the effect we identified is indeed the effect the financial crisis had on the default risk of
small businesses.

3.4 Robustness tests

We next present a series of tests to demonstrate the robustness of our results. We first utilize
alternative definitions of arrear probability to address concerns that the use of the 30 day arrear
threshold may not be appropriate. Specifically, we estimate the preferred baseline specification
using 15 (Arrears_15 ), 45 (Arrears_45 ), 60 (Arrears_60 ), 75 (Arrears_75 ), and 90 days in
arrears (Arrears_90 ) as dependent variables which take on the value of one if the loan is in
arrears for more than 15, 45, 60, 75, and 90 days, respectively. The results in Table 6 support
our baseline findings. The estimated β coefficients are positive and significant, independent
of the definition of the arrear variable. The table also reports overall sample average arrear
probabilities for each of the dependent variables. In fact, the estimated effects are between 30
and 40 percent of the average and therefore of comparable size to the baseline result. It is also
not surprising that the significance is somewhat reduced when using the longer arrear periods
because the number of arrear cases is much lower when we use the longer time periods. Thus,
there is a lot less variation to be explored and, consequently, significance is smaller.

In an additional test we investigate different sub-samples based on the time period used.
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We first alleviate the concern that our results are driven by the very early time period in
the dataset which may have been very different from the later years in which the crisis set
in. Column I of Table 7 shows the result of estimating the preferred baseline specification
excluding the first 1.5 years, i.e. restricting the sample period to loans given out between July
2006 till August 2008 only. The estimated β coefficient is significant and of similar size as in
the baseline analysis.

Another concern with the time restriction is related to the fact that we apply a hard cut-
off date to mark the beginning of the crisis in Bosnia and Herzegovina. We argue that by
including only loans given out before this cut-off date we are able to rule out any confounding
supply effects at the point of loan approval and that we are able to ensure that we measure
the effect of a shock which comes as a surprise to firms which have chosen their debt level in
a pre-crisis environment. If, however, the lender and/or the borrower anticipated the effects
of the crisis before the assumed cut-off date, we cannot cleanly isolate the shock’s market
demand effect on default risk from confounding supply and demand effects at the time of loan
approval. To rule out that anticipated changes in the behavior of the lender or the borrowers
drive our results, we estimate the preferred baseline specification in sub-samples of loans
approved up to December 31, 2007 and up to June 30, 2008, i.e. excluding the immediate pre-
crisis period. Table 7 provides the results in columns II and III, respectively. The estimated
β coefficient remains significantly positive in both sub-samples, suggesting that our findings
are not rooted in such potential pre-crisis anticipation effects. Moreover, reassuringly, in
private conversations with management we verified that the particular lender at hand did not
face any liquidity or refinancing problems during 2007 and 2008 which might have caused
more restrictive loan approval. To provide a more formal argument for this observation, in
unreported robustness checks, we analyzed whether the lender’s approval behavior changed
in the time up to September 15, 2008. Specifically, examining the average approval rate over
time does not point to any restrictions to credit supply or changes in lending standards across
treatment and control group loans.

In another robustness check we address the concern that our results might be influenced
by the fact that we do not observe all loans up to their maturity. We obtained the dataset
at the end of June 2010 such that we only know the arrear status of each loan up to this
point even though loans might actually mature much later. Hence, it may be argued that our
analyses suffer from the problem of right data censoring. We do not expect this to influence
our results, given that we observe repayment status of each loan for at least 21 months14

14 This is due to the fact that our analysis only includes loans given out before the fall of 2008.

16



and the average mauturity of all approved loans in the sample is 18 months. Estimating the
preferred baseline specification when excluding the 3,301 loans (approximately 9 percent of
the sample) which mature later than the end of our dataset, i.e. using only terminated loans,
confirms this expectation. The estimated β coefficient is significant at the five percent level
and with 7.2 percentage points even larger than the baseline result.

3.5 Alternative treatment approach

Our identification strategy rests on the definition of all loans from borrowers from the pro-
duction sector to be the treatment group because the production sector was hit hardest by
the financial crisis. As discussed above, the crisis had materialized in Bosnia and Herzegovina
mainly through a shock to exports and the production sector is by a wide margin the most
export-dependent business sector. However, official data on exports by business sector show
that the two business sectors agriculture and other services also have some exposure to exports
and it may therefore be argued that they should be included in the treatment group. In order
to address this concern and to show that our results are not driven by arbitraly definining
loans of borrowers from the production sector to be the treatment group, we directly use these
data with an alternative approach for defining the treatment group.

Specifically, we collect economic data on exports and output for one year prior to the start
of our data sample (i.e. 2004) for all business sectors and, to account for regional variation
in exports and outputs, separately for the two main regions and political entities of Bosnia
and Herzegovina, the Federation of Bosnia and Herzegovina and the Republika Srpska.15,16

We then create the variable ExportIntensity which is computed as the total value of exports
as percentage of total output per sector and region in 2004.17 Using the values from 2004
ensures that exports and outputs are not endogeneously determined by the crisis. Besides the
business sector, we know the location of each of the lender’s branch office for each loan and
can therefore map the different ExportIntensity values to the loan-level data.

Substituting the binary variable Production by the continuous measure ExportIntensity in
15 Data are retrieved from the Federation of Bosnia and Herzegovina Federal Office of Statistics and the

Republika Srpska Institute of Statistics.
16 Bosnia and Herzegovina is divided into two political entities, Republika Srpska and the Federation of

Bosnia and Herzegovina, which is the result of the 1995 Dayton Accords and mainly reflects the territorial
differences between and ethnic composition of the opposing sides in the Bosnian War. The Federation of
Bosnia and Herzegovina includes the cantons Una-Sana, Posavina, Tuzla, Zenica-Doboj, Bosnian Podrinje,
Central Bosnia, Herzegovina-Neretva, West Herzegovina, Sarajevo, and Canton 10. Republika Srpska is
composed of the regions Banja Luka, Doboj, Bijeljina, Vlasenica, Sarajevo-Romanija, Foča, and Trebinje.

17 The same measure is also applied by Cunat and Guadalupe (2005) to determine the openness of different
economic sectors in their study of the effect of product market competition on incentive contracts.
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the difference-in-differences equation, we estimate Equation (3) using OLS.

Arrears_30ictsob = α+ Crisisi + ExportIntensitysr + β ∗ Crisisi ∗ ExportIntensitysr

+θsr + θt + θb + θo +Xo +Xc +Xi + uictsob (3)

All variables and subscripts remain as previously defined. The additional subscript r indicates
the two regions of Bosnia and Herzegovina. ExportIntensity is equal to the value of exports
as percentage of output in 2004 and varies by sector s and region r. Consistent with this
level of variation, sector fixed effects are replaced with sector-by-region fixed effects θsr in the
regression equation. As before, the parameter of interest is β. It measures the crisis’ average
effect on firms’ arrear probability in a sector and region with high export intensity relative to
low export intensity after controlling for the general time effect of loans running into the crisis
and the pre-existing effect of export intensity on arrear probability.

The results of estimating Equation (3) with the same sequence of specifications as in
the baseline results are shown in Table 8. Our previous findings are confirmed because the
estimated β is significantly positive in all specifications.18 As we compare loans running into
the crisis to those maturing before it, the probability for a loan to be in arrears for more
than 30 days increases more for loans in a sector and region with high, as opposed to low,
export intensity. The magnitude of the estimated coefficient in the preferred specification V of
0.156 is also consistent with the estimated baseline effect of 5.8 percent (Table 4) because the
average ExportIntensity is approximately 0.4.19 These results confirm that the findings above
are not driven by some sector-specific unobservable factor correlating with firms’ default risk
that we are not adequately able to control for in the regressions.

4 The effect of lender competition

The results so far suggest that the financial crisis increased default risk of small businesses and
that this effect was triggered by an exogeneous shock to market demand. This result does not
represent a spurious non-parallel trend and holds through different measures of arrear proba-
18 While not reported, we also did all other analyses presented above using this alternative treatment ap-

proach. The results all remain when the alternative treatment approach is used. They are available on
request.

19 Table 10 in Appendix A shows estimation results of tests for changes in observable client and firm, loan,
and loan officer characteristics as described in Section 2.2 using this alternative export intensity based
approach. As in the baseline identification strategy, there is no evidence for a substantial change in
observable characteristics that would interfere with the estimation of the effect of the crisis on arrear
probability.
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bility, in different time samples, for loans which are terminated within our observation period,
and for an alternative treatment approach. This section analyzes a potential mechanism that
may help explain this result.

In particular, we investigate whether the degree of lender competition affects the detri-
mental effect an exogenous shock to market demand has on repayment behavior. Beck et al.
(2004) argue that firms have easier, greater, and cheaper access to credit in regions where
competition among lenders is strong. Furthermore, rising competition strengthens ex ante
information problems of adverse selection as borrower screening, and therefore selection of
loan applicants, becomes more difficult because information about borrowers becomes too dis-
persed (Hoff and Stiglitz, 1998; Marquez, 2002). Moreover, fiercer competition may reduce the
borrowers’ ex post incentives to repay because of the ample alternative financing sources (i.e.
competing lenders) available. Hoff and Stiglitz (1998) similarly provide evidence for fiercer
competition evoking multiple loan taking and worsened repayment especially when informa-
tion sharing institutions are lacking. If a more competitive banking market indeed leads to
multiple loan taking and excessive indebtedness, borrowers should be more vulnerable to an
aggregate shock in an environment where competition is strong. A higher debt level and the
need to repay multiple lenders substantially reduces repayment capacity and increases default
risk in the case of an aggregate shock to market demand. Based on these considerations, we
conjecture that the effect of the crisis on small businesses’ default risk is more pronounced in
areas where competition is stronger.

To investigate this mechanism and to examine whether the adverse effect of the financial
crisis on firms’ default risk varies with the level of competition among lenders, we amend the
dataset with additional information on competition between small business lenders. Specif-
ically, we use the data of Sapundzhieva (2011) of the Microfinance Information Exchange
(MIX), who uses small business lender audits to compile the value of gross loan portfolios per
lender and geographic region in Bosnia and Herzegovina between 2005 and 2008.20 We use
these data to construct an additional variable, StrongCompetition, in order to split our sample
into stronger and weaker degrees of competition. In particular, we compute the Herfindahl-
Hirschmann Index (HHI) of bank market concentration for each year and geographic region
of Bosnia and Herzegovina. It is calculated as the sum of squared market shares with market
share based on the value of gross loan portfolio of each lender. It ranges from zero to one with
higher values corresponding to more concentrated market power. Higher concentration is, in
20 Here, geographic regions refers to the 18 cantons and regions of Bosnia and Herzegovina and not to the

two main regions, Federation of Bosnia and Herzegovina and Republika Srpska.
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turn, likely to reflect less fierce competition among lenders and vice versa.21 We map these
HHI data to each loan in the dataset using the branch and year in which it was applied for.22

This creates variation in competition across regions (branches) and time (years), which we can
explore. The binary variable StrongCompetition is then equal to one for loans in regions and
years with an HHI value below the median (as defined by the regions and years covered by the
observations in the dataset) and zero otherwise, i.e. the variable is one for high competition
areas.23

To analyze whether the degree of competition affects the impact of the crisis on repayment
behavior, we apply a triple difference approach. We use OLS to estimate regressions of the
following form:

Arrears_30ictsob = α+ Crisisi + Productionc + StrongCompetitionbt

+Crisisi ∗ Productionc + Crisisi ∗ StrongCompetitionbt

+StrongCompetitionbt ∗ Productionc

+β ∗ Crisisi ∗ Productionc ∗ StrongCompetitionbt

+θs + θt + θb + θo +Xo +Xc + uictsob (4)

While all variables and subscripts remain as defined before, the coefficient of interest β mea-
sures the difference in the baseline average effect between sub-samples of strong and weak
competition. A significantly positive β implies that the crisis has a larger effect on small
businesses’ default risk where competition is strong relative to regions with weak competition.
The results of estimating Equation (4) and defining StrongCompetition based on the HHI as
described above are shown in column I of Table 9. β is estimated to be significantly positive
and economically large. This suggests that the average detrimental effect of the crisis on
default risk is particularly large where lender competition is stronger.24

21 Concentration-based measures are widely used proxies for the degree of competition in the financial in-
termediation literature (e.g. Cetorelli and Gambera, 2001; Beck et al., 2004), especially when alternative
measures based on the ability of lenders to charge prices above marginal cost are unavailable. We are
well-aware that they only imperfectly capture the true level of competition among lenders.

22 For this analysis, we need to drop two branches due to missing concentration data in the respective
geographical region.

23 The data on lender concentration we use only serves as an approximation of competition between them.
It comprises data of nine small business lenders in Bosnia and Herzegovina and may therefore only incom-
pletely capture the entire market. Nonetheless, it is unlikely that such measurement error leads to a sys-
tematic bias, especially because it arguably would not differentially affect production and non-production
loans.

24 Unreported results confirm that the baseline results remain unchanged when controlling for the degree of
competition.
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To lend additional support to this result, we apply two alternative concentration-based
measures of competition, namely CR2 and CR3 , which refer to the total market share of
the two and three largest small business lenders, respectively. Market leaders with greater
market shares imply that the market is less contested. When we use these variables to define
StrongCompetition instead of the HHI, we get the results shown in columns II and III of Table
9. As before, the estimated β coefficients are significantly positive suggesting that the baseline
effect is more pronounced where competition is stronger.

One potential concern with the competition analysis is that the effect we are picking up is a
demand-side effect. That is, it may be that in regions with more loan demand there is stronger
competition and that firms in these regions are particularly affected by an exogenous shock to
product market demand triggered by the financial crisis. If this were true, competition would
be endogenous to loan demand and we would not be able to measure the true effect competition
has on the severity of the shock. To counter this concern, in unreported regressions, we
estimated various specifications including year-by-month, sector-by-month, and sector-by-year
fixed effects to control for loan demand. We also estimated the regression using a continuous
competition variable rather than the median split. All results remain when we estimate these
alternative specifications.

These findings suggest that in the pre-crisis period, some borrowers are likely to have
over-estimated their repayment capacity taking on debt levels which they were then unable to
service as the effects of the market demand shock hit. This borrower behavior may have been
facilitated by loose lending standards in a highly competitive market. Our results therefore
also shed light on the question of whether more lender competition is generally desirable. In
fact, too fierce competition may enable borrowers to take on unsustainable debt levels and
make them more vulnerable to exogenous economic shocks.

5 Conclusion

We use a rich loan-level dataset provided by a commercial lender catering to small businesses
in Bosnia and Herzegovina to examine the effect of an aggregated shock to product market
demand on such firms’ default risk. Specifically, we apply a difference-in-differences methodol-
ogy using the 2007-2008 financial crisis to model the aggregate shock and analyze the impact
the adverse effects of the crisis have on the firms’ arrear probability. By focusing on loans
which are given out in a pre-crisis environment we are able to isolate the product market
demand-side effect on repayment behavior.
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We find robust evidence for a rise in default risk as a consequence of the financial crisis.
In our preferred regression specification, the difference in the probability that a loan has
been in arrears for more than 30 days is six percentage points higher for loans of clients in the
production sector relative to other sectors. As the crisis spilled over to Bosnia and Herzegovina
primarily through a deterioration in export demand, and the production sector is the most
export-dependent business sector, we attribute this effect to the crisis. The effect is highly
statistically and economically significant, representing about 30 percent of the overall sample
arrear probability. The results are neither driven by selection effects on observable borrower
characteristics nor by a spurious non-parallel trend in the difference of arrear probability
between loans of borrowers from the production and non-production sectors.

These findings provide novel empirical evidence that aggregate shocks to product market
demand are an important channel through which such shocks spill over to the real economy by
increasing firms’ default risk. Rising default risk of firms may be one explanation for the more
restrictive credit supply by lenders as generally witnessed during a crisis period. Moreover, it
may explain firms’ changed financial and investment policy in the financial crisis. Our findings
also shed light on the underlying mechanism of the identified effect. In particular, we find the
results to be more pronounced where competition among lenders is stronger. This suggests
that stronger competition between lenders can create an environment where borrowers are
able to establish debt levels which they are unable to service once a shock hits. Policies that
foster competition may therefore not generally be desirable because they may make firms more
vulnerable to aggregate market demand shocks, in particular in underdeveloped countries that
lack efficient information sharing systems.

Our results also have important implications regarding policymaker’s reactions to such
shocks. Specifically, if an aggregate shock adversely affects product market demand, the right
reaction of policymakers should be to stimulate product market demand rather than injecting
liquidity into credit markets, for instance through subsidies or a favorable tax treatment
of firms from the affected sectors. Overall, this study illustrates that it is fundamental for
policymakers and regulators to be able to disentangle the channels through which an aggregate
shock affects the real economy in order to take the appropriate corrective action to ease the
negative effects of such shocks.
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Figure 1
Export growth in Bosnia and Herzegovina

This figure shows the annual export growth from Bosnia and Herzegovina per month. It is computed by
comparing the value of exports in a month with that of the same month of the previous year. Source: Bosnia

and Herzegovina Agency for Statistics.

After Lehman collapse >><< Before Lehman collapse

−60

−40

−20

0

20

40

60

A
nn

ua
l g

ro
w

th
 o

f e
xp

or
ts

 o
f B

os
ni

a 
(%

)
(m

on
th

 / 
sa

m
e 

m
on

th
 p

re
vi

ou
s 

ye
ar

)

03
/2

00
7

06
/2

00
7

09
/2

00
7

12
/2

00
7

03
/2

00
8

06
/2

00
8

09
/2

00
8

12
/2

00
8

03
/2

00
9

06
/2

00
9

09
/2

00
9

12
/2

00
9

Month

25



Figure 2
Economic growth in Bosnia and Herzegovina

This figure shows the annual growth of Gross Value Added separately for the production sector as well as
all other sectors pooled. Production refers to sectors C (Mining and Quarrying), D (Manufacturing), and
E (Electricity, Gas, and Water Supply) of the NACE classification of economic sectors. Source: Bosnia and

Herzegovina Agency for Statistics.
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Figure 3
Annual net profit of firms in dataset

This figure shows firms’ median annual net profit at the time of loan application separately for production and
non-production sectors. The figure uses the sub-sample of firms from the baseline sample which also return for
another loan application after the beginning of the crisis augmented with those post-crisis loan applications.
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Figure 4
Arrear probability

This figure shows the share of loans in arrears for more than 30 days separately for production and non-
production sectors by the semester of loan maturity. The vertical black dashed line marks the beginning of the

crisis.
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Table 1
Tests for differences in observable covariates

Loan maturity: Before crisis In crisis period DiD

Non-
prod.

Pro-
duction

p -Value
(II - I)

Non-
prod.

Pro-
duction

p -Value
(V - IV)

p -Value
(VI - III)

Variable I II III IV V VI VII
Female 0.32 0.29 0.460 0.30 0.21 0.001 *** 0.368
Age 39.76 40.96 0.030 ** 40.51 40.31 0.900 0.155
Married 0.75 0.80 0.003 *** 0.76 0.80 0.190 0.483
Household size 2.28 2.13 0.655 2.58 2.37 0.108 0.163
Self-employed 0.73 0.70 0.000 *** 0.78 0.68 0.000 *** 0.277
Previous rejected 0.04 0.08 0.030 ** 0.07 0.11 0.022 ** 0.874
Previous in arrears 0.01 0.01 0.765 0.01 0.01 0.860 0.584
Sales 1,252 3,670 0.000 2,341 5,219 0.000 *** 0.183
Assets 17,000 27,300 0.001 *** 27,700 39,200 0.000 *** 0.566
Net profit 416 841 0.000 *** 661 1,092 0.000 *** 0.673
Number of employees 0.88 1.82 0.008 *** 1.04 2.17 0.000 *** 0.225
Interest rate 0.1095 0.1094 0.304 0.1156 0.1073 0.000 *** 0.028 **

Applied amount 2,114 3,729 0.000 *** 4,713 6,328 0.000 *** 0.598
Applied maturity 558 577 0.346 923 952 0.010 ** 0.320
Personal guarantee 0.96 0.92 0.787 0.96 0.97 0.171 0.507
Mortgage collateral 0.00 0.01 0.155 0.00 0.01 0.357 0.815
Chattel collateral 0.08 0.11 0.950 0.09 0.12 0.855 0.907
Loan use: working capital 0.10 0.26 0.009 *** 0.10 0.17 0.004 *** 0.120
Loan use: fixed assets 0.10 0.41 0.000 *** 0.25 0.57 0.000 *** 0.661
Loan use: mixed 0.02 0.09 0.015 ** 0.06 0.16 0.000 *** 0.398
Loan use: others 0.78 0.24 0.000 *** 0.60 0.10 0.000 *** 0.673
Loan officer age 30.96 30.92 0.746 31.08 30.91 0.525 0.930
Loan officer experience 310.62 308.61 0.510 400.97 399.75 0.344 0.604

Observations 23,088 446 23,534 11,956 429 12,385 35,919
This table shows a test of difference in observable covariates using a difference-in-differences approach in the
sample of 35,919 approved loans with an application date as of Jan 1, 2005 and an approval date up to 30 days
before the beginning of the crisis on Sep 15, 2008. All variables are defined in Table 11. Columns I, II, IV, and V
show raw means of each characteristic of loans of clients by the sub-groups production and non-production as
well as by maturing less than 30 days before or maturing after the beginning of the crisis on Sep 15, 2008.
Columns III and VI show the p -value of a test of difference of the respective characteristic between non-
production and production loans. Column VII shows the p -value of the corresponding test of difference-in-
differences of the respective characteristic. The significance tests are estimated conditioned on fixed effects for
the year of loan application, for the month of loan application within a year, and for the branch office. Standard
errors are clustered at the sector-by-branch level. ***, **, * indicate significance at the 1, 5, and 10 percent level,
respectively.
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Table 2
Descriptive statistics

Variable N Mean SD p5 Median p95
Panel A: Arrears
Arrears_30 35,919 0.1812 0.3852 0 0 1
Panel B: Business sectors
Agriculture 35,919 0.2246 0.4174 0 0 1
Production 35,919 0.0244 0.1542 0 0 0
Construction 35,919 0.0117 0.1076 0 0 0
Transport 35,919 0.0170 0.1293 0 0 0
Other services 35,919 0.5985 0.4902 0 1 1
Trade 35,919 0.1238 0.3293 0 0 1
Panel C: Client and firm characteristics
Female 35,919 0.3143 0.4643 0 0 1
Age (years) 35,919 40 11 23 40 59
Married 35,919 0.7542 0.4306 0 1 1
Household size 35,919 2.3794 1.9718 0 3 5
Self-employed 35,919 0.7484 0.4340 0 1 1
Previous rejected 35,919 0.0529 0.2239 0 0 1
Previous in arrears 35,919 0.0071 0.0840 0 0 0
Sales (EUR) 35,919 1,692 2,898 133 639 7,669
Assets (EUR) 35,919 20,987 22,772 2,858 13,473 64,782
Net profit (EUR) 35,919 511 501 77 356 1,515
Number of employees 35,919 0.9622 1.8542 0 1 3
Panel D: Loan characteristics
Interest 35,919 0.1099 0.0152 0.0951 0.1030 0.1398
Applied amount (EUR) 35,919 3,050 2,958 511 2,556 10,226
Applied maturity (days) 35,919 684 293 360 720 1,080
Personal guarantee 35,919 0.9575 0.2016 1 1 1
Mortgage collateral 35,919 0.0011 0.0329 0 0 0
Chattel collateral 35,919 0.0857 0.2799 0 0 1
Loan use: working capital 35,919 0.1019 0.3026 0 0 1
Loan use: fixed assets 35,919 0.1556 0.3625 0 0 1
Loan use: mixed 35,919 0.0366 0.1878 0 0 0
Loan use: others 35,919 0.7059 0.4557 0 1 1
Panel E: Loan officer characteristics
Loan officer age (years) 35,919 31 6 24 30 43
Applications per LO 35,919 342 299 15 267 940
This table shows descriptive statistics of the sample of 35,919 approved loans with an application date as of Jan
1, 2005 and an approval date up to 30 days before the beginning of the crisis on Sep 15, 2008. All variables are
defined in Table 11. 
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Table 3
Univariate overview of difference-in-differences of arrear probability

Before crisis Crisis Difference

Non-production 0.1086 0.3183 0.2097***
(0.000)

Production 0.0919 0.3613 0.2694***
(0.000)

Difference -0.0167
(0.261)

0.0430*
(0.060)

0.0597**
(0.019)

This table shows the mean Arrears_30 in the sample of 35,919 approved loans with an application date
as of Jan 1, 2005 and an approval date up to 30 days before the beginning of the crisis on Sep 15, 2008.
Observations are divided into four groups. Before crisis refers to loans maturing 30 days or more before
the beginning of the crisis on Sep 15, 2008. Crisis refers to loans maturing less than 30 days before or
maturing after the beginning of the crisis on Sep 15, 2008. Production refers to loans of clients active in
the production sector. Non-production refers to loans of clients active in other sectors but production.
The difference-in-differences in means is shown in bold format. The p -value of tests of difference
between groups as well as the difference-in-differences is shown in parantheses. Significance is tested
using t -tests. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively.
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Table 4
Baseline results

Dependent: Arrears_30 I II III IV V VI

Crisis 0.144*** 0.142*** 0.077*** 0.076*** 0.067*** 0.008
(0.019) (0.019) (0.013) (0.013) (0.013) (0.012)

Crisis x Production 0.062* 0.055* 0.062** 0.062** 0.058** 0.062**
(0.033) (0.033) (0.029) (0.029) (0.028) (0.025)

Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Branch FE Yes Yes Yes Yes Yes Yes
Sector FE No Yes Yes Yes Yes Yes
Loan officer FE No No Yes Yes Yes Yes
Loan officer characteristics No No No Yes Yes Yes
Client & firm characteristics No No No No Yes Yes
Loan characteristics No No No No No Yes
Observations 35,919 35,919 35,919 35,919 35,919 35,919
Adjusted R2 0.105 0.112 0.222 0.222 0.228 0.237
OLS estimation results in the sample of 35,919 approved loans with an application date as of Jan 1, 2005 and an approval
date up to 30 days before the beginning of the crisis on Sep 15, 2008. The dependent variable is Arrears_30 . Crisis is a
binary variable equal to one for loans maturing less than 30 days before or maturing after the beginning of the crisis on Sep
15, 2008. Crisis equals zero for loans maturing 30 days or more before the beginning of the crisis. Production is a binary
variable equal to one for loans of clients active in the production sector and zero for all other sectors. A constant and
control variables are included as indicated and defined in Table 11. Fixed effects for the business sector, for the year of
loan application, for the month of loan application within a year, for the branch office, and for the responsible loan officer
are included as indicated. Standard errors are clustered at the sector-by-branch level and reported in parentheses. ***, **, *
indicate significance at the 1, 5, and 10 percent level, respectively.
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Table 5
Validation of identifying assumption: Placebo tests

Based on: Pre-crisis sample Crisis sample

Assumed start of crisis: Sep 15, 2006 Sep 15, 2007 Sep 15, 2009

Dependent: Arrears_30 I II III

Crisis 0.031*** 0.048*** 0.116***
(0.009) (0.006) (0.017)

Crisis x Production 0.043 0.005 0.006
(0.035) (0.025) (0.054)

Year FE              Yes              Yes              Yes
Month FE              Yes              Yes              Yes
Branch FE              Yes              Yes              Yes
Sector FE              Yes              Yes              Yes
Loan officer FE              Yes              Yes              Yes
Loan officer characteristics              Yes              Yes              Yes
Client & firm characteristics              Yes              Yes              Yes
Loan characteristics              No              No              No
Observations              20,608              23,515              12,385
Adjusted R2              0.122 0.129              0.245
OLS estimation results in the sample of 35,919 approved loans with an application date as of Jan 1, 2005
and an approval date up to 30 days before the beginning of a placebo crisis start date. Dependent variable
is Arrears_30 . The columns differ in the sample used and the date assumed as a fictitious start of the crisis
as indicated in the column headers. Crisis is a binary variable equal to one for loans maturing less than 30
days before or maturing after the assumed start of the crisis as indicated. Crisis equals zero for loans
maturing 30 days or more before the assumed beginning of the crisis. Production is a binary variable
equal to one for loans of clients active in the production sector and zero for all other sectors. A constant
and control variables are included as indicated and defined in Table 11. Fixed effects for the sector of the
client's business, for the year of loan application, for the month of loan application within a year, for the
branch office, and for the responsible loan officer are included as indicated. Standard errors are clustered
at the sector-by-branch level and reported in parentheses. ***, **, * indicate significance at the 1, 5, and
10 percent level, respectively.
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Table 6
Robustness: Definition of arrears

Dependent: Arrears_X X=15 X=30 X=45 X=60 X=75 X=90

I II III IV V VI

Crisis 0.104*** 0.073*** 0.049*** 0.038*** 0.032*** 0.026***
(0.014) (0.013) (0.012) (0.010) (0.010) (0.009)

Crisis x Production 0.093*** 0.058** 0.042** 0.039** 0.027* 0.032*
(0.026) (0.028) (0.020) (0.018) (0.014) (0.016)

Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Branch FE Yes Yes Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes Yes Yes
Loan officer FE Yes Yes Yes Yes Yes Yes
Loan officer characteristics Yes Yes Yes Yes Yes Yes
Client & firm characteristics Yes Yes Yes Yes Yes Yes
Loan characteristics No No No No No No
Observations 35,919 35,919 35,326 34,578 34,004 33,665
Adjusted R2 0.191 0.225 0.249 0.279 0.301 0.323
Mean of dependent 0.291 0.181 0.124 0.095 0.079 0.069
OLS estimation results in the sample of approved loans with an application date as of Jan 1, 2005 and an approval
date up to 30 days before the beginning of the crisis on Sep 15, 2008. The dependent variable is indicated in the
respective column header and defined equivalently to Arrears_30. In column I, Crisis is a binary variable equal
to one for loans maturing less than 15 days before or maturing after the beginning of the crisis on Sep 15, 2008.
Crisis equals zero for loans maturing 15 days or more before the beginning of the crisis. Crisis is defined
accordingly for the different days in arrears reported in the column headers. Production is a binary variable equal
to one for loans of clients active in the production sector and zero for all other sectors. A constant and control
variables are included as indicated and defined in Table 11. Fixed effects for the business sector, for the year of
loan application, for the month of loan application within a year, for the branch office, and for the responsible
loan officer are included as indicated. Standard errors are clustered at the sector-by-branch level and reported in
parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level, respectively.
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Table 7
Robustness: Different sub-samples based on time period

As of Jul 1, 2006 Up to Dec 31, 2007 Up to Jun 30, 2008

Dependent: Arrears_30 I II III

Crisis              0.076***              0.068***              0.071***
                (0.016)                 (0.014)                 (0.013)

Crisis x Production              0.073***              0.066**              0.062**
                (0.027)                 (0.028)                 (0.027)

Year FE              Yes              Yes              Yes
Month FE              Yes              Yes              Yes
Branch FE              Yes              Yes              Yes
Sector FE              Yes              Yes              Yes
Loan officer FE              Yes              Yes              Yes
Loan officer characteristics              Yes              Yes              Yes
Client & firm characteristics              Yes              Yes              Yes
Loan characteristics              No              No              No
Observations              15,316              31,489              34,098
Adjusted R2              0.261             0.215             0.224
OLS estimation results in the sample of 35,919 approved loans with an application date as of Jan 1, 2005
and an approval date up to 30 days before the beginning of the crisis on Sep 15, 2008. The dependent
variable is Arrears_30 . Crisis is a binary variable equal to one for loans maturing less than 30 days
before or maturing after the beginning of the crisis on Sep 15, 2008. Crisis equals zero for loans
maturing 30 days or more before the beginning of the crisis. Production is a binary variable equal to one
for loans of clients active in the production sector and zero for all other sectors. The columns differ in the
sub-sample used. In column I, all loans with an application date before Jul 1, 2006 are excluded. In
column II, all loans with an application date after Dec 31, 2007 are excluded. In column III, all loans
with an application date after June 30, 2008 are excluded. A constant and control variables are included
as indicated and defined in Table 11. Fixed effects for the sector of the client's business, for the year of
loan application, for the month of loan application within a year, for the branch office, and for the
responsible loan officer are included as indicated. Standard errors are clustered at the sector-by-branch
level and reported in parentheses. ***, **, * indicate significance at the 1, 5, and 10 percent level,
respectively.
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Table 8
Robustness: Alternative treatment approach - Baseline results

Dependent: Arrears_30 I II III IV V VI

Crisis 0.143*** 0.142*** 0.077*** 0.076*** 0.073*** 0.007
(0.019) (0.019) (0.013) (0.013) (0.013) (0.012)

Crisis x Export intensity 0.177** 0.152* 0.167** 0.167** 0.156** 0.166**
(0.088) (0.082) (0.075) (0.074) (0.071) (0.064)

Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Branch FE Yes Yes Yes Yes Yes Yes
Sector x region FE No Yes Yes Yes Yes Yes
Loan officer FE No No Yes Yes Yes Yes
Loan officer characteristics No No No Yes Yes Yes
Client & firm characteristics No No No No Yes Yes
Loan characteristics No No No No No Yes
Observations 35,919 35,919 35,919 35,919 35,919 35,919
Adjusted R2 0.105 0.113 0.222 0.223 0.226 0.236
OLS estimation results in the sample of 35,919 approved loans with an application date as of Jan 1, 2005 and an
approval date up to 30 days before the beginning of the crisis on Sep 15, 2008. The dependent variable is Arrears_30
Crisis is a binary variable equal to one for loans maturing less than 30 days before or maturing after the beginning of the
crisis on Sep 15, 2008. Crisis equals zero for loans maturing 30 days or more before the beginning of the crisis. Export 
intensity is the value of exports over total output in 2004 for each sector and separately for the two main regions of
Bosnia and Herzegovina. It is matched to each loan by the sector of the client's business and the branch office. A
constant and control variables are included as indicated and defined in Table 11. Business sector by region (Federation
vs. Republika Srpska) interacted fixed effects as well as fixed effects for the year of loan application, for the month of
loan application within a year, for the branch office, and for the responsible loan officer are included as indicated.
Standard errors are clustered at the sector-by-branch level and reported in parentheses. ***, **, * indicate significance at
the 1, 5, and 10 percent level, respectively.

36



Table 9
The effect of competition between small business lenders

Sample: Baseline

Variable:
Strong com-

petition (HHI)
Strong com-

petition (CR2)
Strong com-

petition (CR3)

Dependent: Arrears_30 I II III

Crisis 0.080*** 0.074*** 0.075***
(0.017) (0.019) (0.019)

Crisis x Production -0.017 -0.006 0.002
(0.042) (0.044) (0.041)

Crisis x Production x Variable 0.131** 0.110** 0.114*
(0.057) (0.043) (0.058)

Year FE Yes Yes Yes
Month FE Yes Yes Yes
Branch FE Yes Yes Yes
Sector FE Yes Yes Yes
Loan officer FE Yes Yes Yes
Loan officer characteristics Yes Yes Yes
Client & firm characteristics Yes Yes Yes
Loan characteristics No No No
Observations 34,285 34,285 34,285
Adjusted R2 0.213 0.213 0.213
OLS estimation results in the sample of 34,285 approved loans with an application date as of
Jan 1, 2005 and an approval date up to 30 days before the beginning of the crisis on Sep 15,
2008 and for which competition data is available. The dependent variable is Arrears_30
Crisis is a binary variable equal to one for loans maturing less than 30 days before or maturing
after the beginning of the crisis on Sep 15, 2008. Crisis equals zero for loans maturing 30
days or more before the beginning of the crisis. Production is a binary variable equal to one
for loans of clients active in the production sector and zero for all other sectors. Strong 
competition is a binary variable indicating whether the loan is given out in a branch and year
with strong competition among small business lenders measured by whether the HHI (column
I), CR2 (column II), or CR3 (column III) is less than or equal to the median. Control variables
are included as indicated and defined in Table 11. Fixed effects for the business sector, for the
year of loan application, for the month of loan application within a year, for the branch office,
and for the responsible loan officer are included as indicated. Standard errors are clustered at
the sector-by-branch level and reported in parentheses. ***, **, * indicate significance at the 1,
5, and 10 percent level, respectively.
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Appendix A – Tests for differences in observable covariates for
alternative treatment approach

Table 10
Alternative treatment approach – Covariates tests

Crisis x Export intensity Crisis x Export intensity

Dependent variable Coefficient p-value Dependent variable Coefficient p-value

Female -0.122 0.452 Applied amount 250.144 0.754

Age -3.643 0.124 Applied maturity 50.084 0.398

Married -0.047 0.544 Personal guarantee 0.026 0.757

Household size -0.509 0.162 Mortgage collateral 0.002 0.870

Self-employed -0.172 0.145 Chattel collateral 0.017 0.833

Previous rejected -0.005 0.931 Loan use: working capital -0.163 0.233

Previous in arrears -0.005 0.612 Loan use: fixed assets 0.017 0.899

Sales 1162.94 0.256 Loan use: mixed 0.042 0.602

Assets 3805.35 0.582 Loan use: others 0.103 0.504

Net profit 47.702 0.799 Loan officer age -1.071 0.779

Number of employees 0.757 0.216 Loan officer experience -49.618 0.534

Interest rate -0.015 0.069 *

This table shows tests of differences in observable covariates using a difference-in-differences approach in the
sample of 35,919 approved loans with an application date as of Jan 1, 2005 and an approval date up to 30 days
before the beginning of the crisis on Sep 15, 2008. Specifically, the table reports OLS estimation results of
separate difference-in-differences regressions using the characteristic as dependent variable. This table reports
estimated coefficients for the interaction term of Crisis x Export intensity. Crisis is a binary variable equal to one
for loans maturing less than 30 days before or maturing after the beginning of the crisis on Sep 15, 2008. Crisis 
equals zero for loans maturing 30 days or more before the beginning of the crisis. Export intensity is the value of
exports over total output in 2004 for each sector and separately for the two main regions of Bosnia and
Herzegovina. It is matched to each loan by the sector of the client's business and the branch office. All regressions
include fixed effects for the year of loan application, for the month of loan application within a year, and for the
branch office. Standard errors are clustered at the sector-by-branch level. ***, **, * indicate significance at the 1,
5, and 10 percent level, respectively.
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Appendix B – Variables

Table 11
Definition of variables

Variable Definition
Panel A: Arrears
Arrears_30 Dummy variable indicating whether the loan has been in arrears for more than 

30 days over the whole observed loan term
Panel B: Business sectors
Agriculture Dummy variable for the business sector of the client's enterprise
Production Dummy variable for the business sector of the client's enterprise
Construction Dummy variable for the business sector of the client's enterprise
Transport Dummy variable for the business sector of the client's enterprise
Other services Dummy variable for the business sector of the client's enterprise
Trade Dummy variable for the business sector of the client's enterprise
Panel C: Client and firm characteristics
Female Dummy variable indicating whether the client is female (female =1)
Age (years) Age of the client in years at the time of loan application
Previous rejected Dummy variable indicating whether any previous loan has been rejected
Previous in arrears Dummy variable indicating whether any previous loan has been in arrears
Sales (Euro) Latest sales of the client's business
Assets (Euro) Latest total amount of assets of the client's business
Net profit (Euro) Latest net profit of the client's business
Number of employees Number of employees of the client's business
Panel D: Loan characteristics
Interest rate Annualized interest rate as fixed at the beginning of the loan term
Applied amount (Euro) Applied loan amount
Approved amount (Euro) Approved loan amount
Applied maturity (days) Applied loan term
Approved maturity (days) Approved loan term
Personal guarantee Dummy variable indicating whether a personal guarantee exists
Mortgage collateral Dummy variable indicating whether mortgage collateral has been pledged
Chattel collateral Dummy variable indicating whether chattel collateral has been pledged
Loan use: working capital Dummy variable indicating the loan use working capital
Loan use: fixed assets Dummy variable indicating the loan use fixed assets
Loan use: mixed Dummy variable indicating the loan use mixed
Loan use: others Dummy variable indicating the loan use others
Panel E: Loan officer characteristics
Loan officer age (years) Age of the loan officer in years at the time of loan application
Applications per LO Total number of applications handled by the loan officer up to the application 

date
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