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Firm-level e ects of banks' lending shifts
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Abstract

I show that natural disasters transmit to rms in non-disaster areas via their
banks. This spillover of non- nancial shocks through the banking sysem is stronger
for banks with less regulatory capital. Firms connected to a disasterexposed bank
with below median capital, reduce their employment by 11% and their xed assets
by 20% compared to rms in the same region without such a bank during the 2013
ooding in Germany. Low bank capital thus carries a negative externality because it
ampli es regional shock spillovers. | show that bank liquidity, and rm capital and
liquidity are less relevant to prevent shock transmission.
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1 Introduction

Post-crisis banking regulation has focused on inducing basko hold more capital in order
to prevent bank failure and make the banking system more stib | demonstrate that bank
capital is key in preventing real-economic spillovers frorane region to another. Using a
natural disaster as a shock to the real economy, | show that éhdisaster spreads through
low-capital banks to non-disaster a ected rms. The resultsndicate that there are positive
externalities to higher bank capital, even if the stabilityof the nancial system as a whole
is not threatened, because better capitalized banks can neoeasily expand their balance

sheets if they are faced with unexpected events.

The paper proceeds in two steps to demonstrate the e ects oflmnk funding shock for
non-directly a ected rms after a natural disaster. Using sgni cant ooding of German
regions in June of 2013 as identi cation, | identify rms in dsaster areas and use their
bank connections to identify the disaster exposure of banksthen identify rms in non-
ooded areas which are connected to disaster exposed ban&ed compare them to rms
in the same region, but without a connection to a disaster exiged bank. This approach is
designed to speci cally isolate the e ect of a reduction in &nk funding for rms, as banks
reduce lending in non- ooded areas to provide loans to ood-ected rms (Cores and

Strahan, 2017).

Unconditionally, banks' lending shifts from non-disaster egions into disaster regions is
small, although it entails a reduction in tangible assets byl2 % and total xed assets
by 9%. However, banks with low capital ratios signi cantly anplify the e ect. Firms
connected to low-capital banks experience a signi cant dexase in bank credit, reduce
employment by 11% and tangible assets by 20%. Further ressilindicate that neither

bank liquidity, nor rm capital or liquidity have the same ampli cation e ect. | show that



the e ects of this regional shock ampli cation stemming fromlow levels of bank capital
also a ect regional GDP and unemployment rates. This resulis intuitive, as banks with
lower capital cannot expand or contract their balance sheeatasily and thus will have to
reduce other assets, which often implies cutting back lemdj to non-disaster a ected rms
(Jimenez et al., 2017). The ndings highlight that bank captal is not only important to
prevent bank failure, but also to prevent spillovers of reeéconomic shocks from one region
to another. In these cases, more bank capital prevents lendi reductions, thus running
counter to the idea that more bank capital generally reducesmding and is thus costly for

rms (Gropp et al., 2016).

In addition to demonstrating the ampli cation e ect of low bank capital levels, this paper
also contributes to the literature on the real e ects of narcial shocks (Chodorow-Reich,
2014; Huber, 2018). As opposed to shocks stemming from narcraarkets, a natural
disaster is random and exogenous, especially to rms outsidhe disaster area. Given
that there is some evidence that even insurance markets oftéal at correctly pricing
disaster risk (Froot, 2001), it seems unlikely that bank-cstomers correctly price their
banks' disaster risk. The identi cation relies only on the asumption that bank-customers
are unaware of their banks' 2013 disaster-exposure prior the ood.! Second, while
local (disaster) shocks may be smaller than global nancialrises, they also occur more
frequently. Because the regional economy is typically nosaliversi ed, banks are likely to
face unexpected regional demand (or supply) shocks quitedrently (Yeager, 2004). Such
local shocks do not have to be natural disasters. As long as etgeoccur that in uence
loan demand (or supply) and are reasonably unexpected, low baokpital levels might

amplify their spillover e ects.

This paper also contributes by investigating the real e e of a shock stemming from higher

1And that the rms' bank choice is not correlated with other factors that mi ght be a ected by ooding.
| address some of these concerns in more detail in the robustness deat



credit demand elsewhere, instead of credit supply frictions arising in nacial markets?
My results indicate that banks reduce lending in non-disasteareas primarily because
they face higher loan demand in disaster areas. This view isangly supported by the
literature, as both Chavaz (2016) and Cores and Strahan @17) document for the United
States that banks reallocate funds towards mortgage loans disaster-a ected areas, while
decreasing their funding in non-a ected areas. Cores an&trahan (2017) demonstrate
that banks predominately reduce lending in non-core markeis order to serve the loan
demand arising in disaster a ected areas, while Chavaz (28)1highlights the role of local
banks diversifying through secondary markets to serve thalditional demand. Similarly
Koetter et al. (2016) nd that German banks increase their leding in the aftermath of
ooding. The demand shock interpretation can be explainedybthe fact that bank lending
is a good complement to insurance payouts and government dmr rms in the case of
a natural disaster, in order to nance necessary rebuilding orts. The unful lled loan
demand in the aftermath of disasters in developing countse(Choudhary and Jain, 2017;
Berg and Schrader, 2012) indicates that insurance and gomerent aid® may be crucial
factors for banks to actually ful Il the increased loan demad in disaster regions, as such
payments might serve as excellent down-payments or collaa¢for new loans. As a result,
it is possible that banks' lending shifts at the expense of nediirectly a ected rms is due

to an unintended consequence of signi cant government aidtef the disaster.

This paper relates to four major strands of literature. First 1 add to the growing body
of literature analyzing the e ects of natural disasters in he context of banking? It builds

on the results by Chavaz (2016), Cores and Strahan (2017nd Koetter et al. (2016) who

2See section 4.4 for a more detailed discussion of demand vs. supply iryrsetting.

3See section 2 for details regarding the specic ood and the subseant government aid payments.

4A number of further studies use natural disasters as identi cation in the nance context. Schawer
et al. (2018) nd that banks increased their capital bu er after hurricane Katrina, and Noth and Schawer
(2017) nd that bank stability decreases after being exposed to natural dsasters. Gallagher and Hartley
(2017) analyze the e ects on household nance and nd a reduction in total delt after natural disasters.
Morse (2011) nd a mitigating e ect of payday lenders on foreclosures folbwing natural disasters.
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demonstrate on the bank level, that banks withdraw funding fsm non-disaster areas and
channel them into disaster areas. | add to these papers by shing that the documented
shift in lending away from non-disaster areas especiallyghilighted in Cores and Strahan
(2017) entails negative consequences on then level > Two studies have previously ex-
amined the e ects of anindirect disaster shock on rms: Uchida et al. (2015) and Hosono
et al. (2016) look at the e ect of a natural disaster, namely te Great Tohoku Earthquake,
on bankruptcy and investment of rmsoutside connected to banksnside the disaster area.
While their approach and ndings are similar to mine, | contritute to their ndings in three
signi cant ways. First, | exploit a bank-speci c measure of taster exposure and include
county year xed e ects in my regression, ruling out other regional ariation that might
be at play, especially in the middle of a disaster. In fact, myesults indicate that using
only the direct location of the bank as identi cation is not precise enough to capture the
e ect of the bank funding shock in my setting. Second, | focusn employment and the
xed asset stock of rms. Most importantly, | show that banks with low capital ratios are
more likely to cause real e ects in rms in non-a ected regias, contributing to the under-
standing of how shocks can propagate through the banking $s to otherwise una ected

rms, especially if banks are highly levered.

This paper is also closely related to the growing literaturen the e ect of credit frictions on
the real economy. One prominent example is Chodorow-Rei@0(4), who shows that rms
connected to less healthy banks before the nancial crisisedorm signi cantly worse in

terms of employment outcomes following the crisfs.Most of these studies rely on banks'

5Only very few studies have evaluated the direct e ects of natural dsasters on rms in the context
of banking and nance. Cores (2014) examines employment after natural dsasters and nds that the
presence of relationship banks contributes to recovery from a natw disaster, especially for young and small
rms.Basker and Miranda (2016) shows that especially small and unprodutive rms declare bankruptcy
after being hit by Hurricane Katrina, and tie part of the e ect to a lack of nancing availability for rms
after the disaster.

6The list of papers on the real e ects of credit market frictions is longand growing. Peek and Rosengren
(2000) show that Japanese credit market frictions had an e ect on U.S. real advity. Gan (2007) shows



exposure to nancial market frictions, such as the exposureotthe nancial crisis. One
major caveat here is that bank choice may not be completely tangonal to the banks'
exposure to risky international nancial markets. | argue hat the credit supply shock
arising from a natural disaster is signi cantly more exogewus, because it is unexpected,

especially for rms that are not directly located within the disaster regions.

Another related strand of literature is concerned with the tansmission of nancial shocks
across markets and geographical borders. There is ampledevice that nancial shocks
cross international borders (Popov and Udell, 2010; Puri etl.a 2011; Schnabl, 2012).
There is also growing within-country evidence that shocksao propagate to other national
regions via integrated nancial systems. Chavaz (2016) an@ores and Strahan (2017)
demonstrate this shock transmission across county bordassing natural disasters, while
Ben-David et al. (2015) show that local deposit rates are imenced by loan growth in non-
local markets and Gilje et al. (2016) demonstrate that cashindfalls from shale gas booms
in uence mortgage lending in connected, non-boom countie§urthermore, Chakraborty
et al. (2018) demonstrate that local shocks can also be trandted to other market seg-
ments, by demonstrating that commercial loans are crowdedibby booms in real estate
markets.” | add to this literature by demonstrating that such (regiona) shock transmis-
sions are likely to entail real e ects on the rm level and aremostly driven by banks with

little regulatory capital.

reductions in investment and rm valuation for rms exposed via thei r banks to the land market collapse
in Japan. Chava and Purnanandam (2011) show that during the Russian crisis rms that relied on bank
nancing su ered real consequences. Almeida et al. (2012) show that rms whose debt was maturing
during the nancial crisis cut their investment. Using bank- rm data from Italy, Cingano et al. (2016)
estimate that the collapse of the interbank market decreased rm-lewel investment by 20%. Popov and
Rocholl (2017) show that rms connected to German savings banks with expsure to U.S. mortgage
markets performed worse than otherwise similar rms. Using rm-bank level data from Eastern Europe
and Central Asia, Ongena et al. (2015) show that rms connected to internafonally active banks su er
more during a nancial shock. Berg (2016) provides evidence of negativeeal e ects with rejected loan
application data. Acharya et al. (2018) provide evidence that the European seereign debt crisis had real,
rm-level e ects. Gropp et al. (2016) show that higher capital requirements cause credit reductions and
subsequent negative real e ects in rms.

"Note that all these ndings imply imperfect capital markets, i.e. that banks are nancially constrained.
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Lastly, this paper is related to the large, yet signi cant dscussion about the importance of
bank and rm capital, especially during a crisi€ However, most of the literature focuses
either on the bank level (Kashyap and Stein, 2000) and rm-iesl e ects independently
(Bernanke et al., 1996). Jimenez et al. (2017) are the rst to jointly examine the e eds of
bank and rm-level capitalization on credit provision. They nd that bank capital matters
in crisis times, and rms' capital matters in both crisis and na-crisis times. | expand on
their results by showing that bank capital matter in the regimal transmission of smaller
real economic shocks. There are two further papers examigithe importance of bank
capital ratios for rms' real outcomes. Gan (2007) shows thahigher lenders' capital ratio
is associated with higher investment rates of the borrowingm. Kapan and Minoiu (2016)
show that banks with higher capital ratios were able to more ectively maintain lending
supply following the nancial crisis of 2008 and as a resultms borrowing from low-capital
banks performed signi cantly worse. My results add to thesendings by demonstrating
that bank capital matters to avert real economic e ects alsodr smaller, more localized

shocks, and that it is especially important to prevent regisal shock ampli cation.

2 The 2013 ood, insurance and government aid

Widespread ooding caused signi cant damages and loss of éw in Central Europe in
June 2013 (Thieken, 2016). The ooding was caused by two maiactors: pre-saturated

soil levels combined with heavy rainfalls from May 30th to Jum 2nd (Schmeter et al.,

80ften referred to in the literature as the bank balance sheet channeind the rm balance sheet channel
This literature is closely related to the literature on bank-capital regulation. While the literature on the
bank-level (and systemic) e ects of bank capital regulation is large (eg., Admati (2016); Dagher et al.
(2016)), only a few studies examine the real e ects of bank capital regulatn (Gropp et al., 2016).

9For the importance of bank capital on loan supply also refer to: Kishan and Opeéla (2000), Jayaratne
and Morgan (2000), Gambacorta and Mistrulli (2004), Meh and Moran (2010). For the importance of rm
capital bu ers also see: Chatelain et al. (2003)



2015). Heavy ooding followed in many regions of Austria and ithe following weeks in
South-East Germany and the Czech Republic, causing many é&s/breaches and widespread
ooding. Germany was mostly ooded in the areas around the Darbe and Elbe river and
their tributaries, which is why the event in Germany is oftencalled \The Elbe Flood".
Despite its river-speci ¢ name, the 2013 ood event had a signant spatial distribution
throughout Germany (see Figure 1) and a ected many major metipolitan areas, including

major damage to the cities of Dresden, Passau, Halle (Saal@daviagdeburg?®

The 2013 ood in Germany was the biggest ood in Germany in ters of water discharge
in the river network since 1954. In terms of economic damagewas slightly smaller than
the ooding of 2002, possibly because of ood protection meares instituted afterwards
(Thieken, 2016). While initial reports indicated that the 2.3 ooding exceeded the 2002
event in terms of damages, nal estimates report the two evesitare similar in terms of
the nal economic damage: around 6-8 billion Euros for the 281 ood and 11 billion for
the 2002 ood. Of the 6-8 billion in damages, only 2 billion wa insured (GDV, 2013),
despite the 2002 ooding. This is in line with the idea that ood insurance costs rise
after the ood, as insurance companies adjust the rates aftéail risks materialize. This
is supported by the fact that insurance coverage is still lowven after the 2013 ood
(Thieken, 2016). In addition to low insurance coverage, thgpeed of insurance payments,
especially during a large event can be slow. While the German F&iation of Insurers
claims that payments can be made as quickly as two weeks aftee damage is reported
(GDV, 2013), in practice insurers' resources are often insu ent to accommodate so many

contemporaneous claim&t As a result, going to a bank for ood relief and rebuilding e ots

10some of these damages were permanent. For example the ice hockey stadiin Halle (Saale) was
ooded and has not been rebuilt to this date.

ysually insurance claims that pass a certain amount will not be accepted orgood faith, but the
insurance company will send an expert to estimate the damage. Only aftethat assessment has taken
place, the insurer will make a payment. Since such people are inrtiited supply, delays in the aftermath
of disaster may be inevitable. There are no hard numbers on how long a Ypical" insured person has to



can be faster, especially when there is an option of drawingwin on existing credit lines.

{ Figure 1 around here {

Floods of this magnitude have several direct and indirect eats on rms in the ood
area, with many di cult to estimate. Direct e ects include damage to buildings and
machines, but also turnover losses during the ood and durintpe rebuilding/repair e ort.
Indirect e ects include health e ects and interruptions of supply chains due to destroyed
infrastructure. Thieken (2016) conducted a business sugvéollowing the ood, and found
that the most frequent problem for businesses was in fact tHess of turnover, while the
most signi cant in terms of economic damage was destroyed ililings and equipment.
Considering the average total assets in my dataset of 7 milii Euros, losses to rms were

signi cant: on average surveyed rms reported around 1 milin Euros in damages.

To recover the losses, uninsured rms could apply for ood tef from the German federal
and state government. Even though the overall governmentrid was larger than the nal
damages, a ected rms could claim a maximum of 80% of currerdsset value. For rms,
rebuilding most often involves buying new equipment, whichsimore expensive than the
current value of the previous equipment. Further, only diret damages were reimbursed,;
indirect damages, such as losses from lost turnover, intepted supply chains or employee
productivity reduction were not reimbursed (BMI, 2013b). Br all these reasons, it is thus
likely that rms had to complement government aid by borrowng from banks in order to

nance rebuilding e orts.

Flood prevention measures were taken after the 2002 oodingpwever there is no indi-

cation that the 2013 ood was anticipated. Even during the a@d, there was uncertainty

wait for insurance payments following a ood. Anecdotal evidence sggests that it is paid out within a
few months, not a few weeks.



about the extent to which water levels would rise. However, 802002 ood may have
increased the e ciency and especially the speed, with whichicarelief was delivered fol-
lowing the 2013 ooding (BMI, 2013a). Both ood prevention measures and increased aid
e ciency may have led to an overestimation of actual damagesverall (Thieken, 2016), but
there is no evidence that this e ect was region or even rm smec. Live ood monitoring
was also only expanded signi cantly after 2013, muting corens that the 2002 ood caused
the 2013 ood to be anticipated. Furthermore, there is no edience that banks learned

from the ood (Koetter et al., 2016).

Taken together, the facts about the 2013 ood indicate thattiwas a signi cant and un-

expected event for rms, which likely required rms to increase borrowing from banks.
The expected government aid payments are likely to have sedvas good collateral or
down-payments for nancing rebuilding e orts. As a result, | typothesize that banks who
lent to - government supported - disaster areas reduced lendiin other areas, resulting in
potential negative real outcomes for rms located in theseraas. It is important to high-

light that while the ood event was certainly signi cant, th e resulting loan shifts should
be small in nancial system terms. Total loans to non- nancal corporations in Germany
are roughly 800 billion Euros over the ood period. So if roudi a third of the German

nancial system had to bu er the uninsured 4 billion in damaggs, this would still constitute
just over 1% of total lending, hardly a large-scale shock innancial terms. This papers'
results are particularly striking in this light, as banks popagate not only large nancial

shocks, but also small local shocks to "innocent" rm clier.



3 Data

German rm-level data stems from the Dafne and Amadeus databaseboth provided by
Bureau van Dijk.}? The former contains the name of the bank (or banks) with whichazh
rm maintains a payment relationship (Popov and Rocholl, 2a7).}* Annual vintages of
the Dafne database are used to construct a time-series of rbank relationships for more
than a million rms between 2003 and 2014. | augment these rabank relationship data
with rm-speci ¢, annual nancial accounts data from Amadeus!* The rm-level data is
combined with bank-level data from Bankscope, another Buae van Dijk database, using
rm-bank relationships identi ed using a string-based math of bank names. Bankscope

contains annual nancial account information for the bankg®

To gauge the damage inicted by the Elbe ood of 2013, | use a ¢tk set provided by
the German Insurance Association (GDV). The data contains clais led for insurance
properties that were damaged during the ood between May 25nd June 15, 2013, as a
proportion of total insurance contracts, aggregated by coty (\Kreis"), into nine damage

categories'® Lower categories indicate less damage relative to the assatues covered by

12The construction of the rm-bank level data largely follows Koetter et al. (2016), although they collapse
the data to the bank level, while my data is on the rm level, which requires some additional cleaning.

13Firm-bank payment relationship data originate from scans of the rms' | etterheads. | do not observe
credit relationships directly. | also cannot identify branch-level information in the data. However, most
banks in Germany are small, independent savings and cooperative banksith few or no branches. Addi-
tionally the identi cation strategy does not rely on the banks' (or branc hes) direct location. The coverage
of the database has increased signi cantly over the years, such that som22,000 rms were included in
2003, but about 1.4 million rms appear in the database by 2015.

¥Bureau van Dijk takes this information for German rms from the \Bundesan zeiger", where rms
can report their balance sheet information. This reporting became moreigorously enforced starting from
2008.

15Because | lack any other relationship information other than the banks' nanes in the Dafne database,
I manually inspect many matches to ensure that the rm-level data are combined with the correct nancial
information about the banks from Bankscope. | match around 99% of all rm-bank reationships.

16Thus, | do not observe the damage in icted on individual banks or rms. Al so | do not have information
on plants. As a result, | implicitly assume that the rms' location, i .e. the headquarter, is the same as
its plant location. Considering that | examine SMEs which are usuallysingle-plant rms, this assumption
appears to be reasonable.
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insurance contractst’” The GDV collects this information from all its 460 members, wich
include all major German insurance providers. The data alsaform the risk calculation
models of insurance companies and regional aggregates aported regularly (GDV, 2013).

| merge this ood level data with the rms via their postal code.

The combination of the three datasets yields a rm-level datset with information on each
of the rms' banks, as well as the regional ood exposure of elacrm based on the data
from the German Insurance Association. | conduct a number of eleing steps with the
merged dataset. Initially, the dataset comprises about 1.6ilflon rms. After dropping
rms and banks, for which no valid postal code can be matchechd dropping all inactive
rms, the number of rms left are roughly 870,0008 | also require rms to have reported
at least their total assets, because otherwise the reportiragcuracy might be questionable.
| also drop all observations before 2008, because reportiofjbalance sheet information
was not well enforced prior to that time. As a result, rms in thedata before 2008 may
have self-selected into the data (Popov and Rocholl, 2017Because rms are often not
reporting for all years® | require rms to be in the dataset at least one year before th@od
of 2013 and one year after. Additionally, | require that the lag of the control variables be
non-missing, and drop all observations where this is not thease. Finally, | drop nancial
rms from the dataset, in order to ensure that my results are at driven by banks and other
nancial institutions. The resulting dataset contains obgrvations for roughly 150,000 rms

for the period 2009-2014.

"The precise de nition of the categories is provided in Figure 1. Variaion in percentage of activated
insurance contracts per county ranges from Category 1 ( 0.04%) to Category 9 (10%{15%).

8Because | cannot observe the reason that rms drop from the dataset, or becominactive, | choose
not to investigate this as an outcome variable.

¥Despite mandatory reporting this still occurs quite often. It is not clear whether this is a failure of
rms to report because of a lack of enforcement or whether this is due d the information acquisition
process by Bureau van Dijk.
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4 |denti cation

The goal of this paper is to compare rms, which are outside dhe direct disaster area,
yet conduct business with a bank that has su cient exposured the disaster, to rms
outside of the disaster area that do not have a relationshipithh a disaster-exposed bank.
The underlying idea is that disaster-exposed banks reducenténg to non-disaster rms,
especially if they have little capital. | illustrate graphically in Figure 2, how | identify
such rms and the control group. | rst identify ood-a ecte d and una ected rms, based
on their county, assigning them a value between 1 and 9 accorg to the insurance data
(GDV, 2013) (Equation 1). A rm in the most heavily ooded county is assigned a 9 and
non- ooded counties receive a 1. Next, | identify the banksx@osure to the ood by aver-
aging these category numbers of the banks' rm customers, igated by the relative rm
size (Equation 2). This is illustrated in the gure by the dotted arrows. Next, | identify
indirectly a ected rms, by identifying their banks' exposure to ood and averaging if the
rm has multiple banks. This is illustrated by the dashed arows in the gure. Lastly,

| identify rms without such an indirect exposure (illustrated by the blank squares) and
compare indirectly a ected with non-indirectly a ected r ms. Because | use countyyear
xed e ects, this comparison is strictly within region. The estimated comparison is illus-
trated by the smaller black frame within the una ected regiom. In essence this illustrated
comparison is the focus: Indirectly a ected vs. not indiretty a ected rms in una ected

regions?°

20As an example, the data includes Contra Sicherheitsrevision GmbH, Wich is a small rm (15 em-
ployees) specializing in security and risk assessment for (largg€ompanies and individuals. Its customers
include insurance companies and many rms transporting valuables acrasEurope (tobacco, jewelry, cash).
It is located in northern Brandenburg, far away from ooded regions. However, it maintains a relationship
with Sparkasse Celle, which is a savings bank located much closer tbe ooded areas. This bank main-
tains su cient customer relationships to ooded areas to be classi ed as a ected. It is unknown, why the
rm maintains a relationship with this rather distant savings bank, al though an internet search suggests
its founder might have lived there. Nevertheless, concerning th 2013 ood, it is only connected to the
region via its bank, not through any other discernible connection.

12



Such anindirect e ect, as Cores and Strahan (2017) suggest, stems from blas that shift
lending from outside the disaster region into the disasteregion. | exploit this indirect
e ect as an exogenous funding shock to rms, in order to invégate the real e ects of

small, local shocks on the real economy.

{ Figure 2 around here {

4.1 Directly and indirectly a ected rms

In order to identify the indirect e ect of the natural disaster via its banks, | rst identify
directly a ected rms. This is necessary for two reasons: First, the tended comparison
is strictly between indirectly and not indirectly a ected rms, which requires that directly
a ected rms be excluded. Second, the banks' disaster expar® is based on its rms' direct
disaster exposure. | de nalirectly a ected and una ected rms, according to their location
in the ood a ected counties. Speci cally, rms located in counties which are ranked as
category 4 or larger are classi ed as a ected, while those &l are in the lowest category
(1) are classi ed as unaectec?! Since | mainly investigate rms in directly una ected

counties the exact threshold choice of thdirectly a ected rms only matters slightly.

8
20

) if Claim Ratio Category, =1
DirA ected ; = !

1)
1 if Claim Ratio Category,, 4

In order to understand the indirect e ect of a bank-level leding shift on rms, | estimate

bank exposure to the disaster. In order to do so, | follow thelenti cation employed by

21For an overview of the categories, refer to Figure 1.
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Koetter et al. (2016), which creates a measure of the banks'odl exposure, by examining
the exposure of its associated rms. Each bank is assigned edividual ood exposure
value, based on the proximity of its rm customers to the ood Banks with more customers
located closer to disaster regions will likely reallocateone funds toward the a ected regions
because their customer base is located there. This way of @dating the banks' ood
exposure is similar to the method used in Cores and Straha(2017) and Chavaz (2016),
although they use exposure to mortgage credit instead of rmustomers. Speci cally,
the exposure measure is constructed by calculating the wikigd average of the damage
categories of each bank's rms, where the weight is the relaé size of the rm, compared
to all other rms the bank reports a payment relationship with. The damage categories for
each rm are based on the rms' location in any of the nine damge categories reported,
as shown in Figure 1. Equation 2 demonstrates how the bank-gpe exposure measure is

constructed.

X Assets;y
Total Assets,

Exposure = Claim Ratio Category,, (2)

j 2N

Where N; are the rms j of banki located in regionr;. ClaimRatioCategory,, is a value
between 1-9 based on the rms' location in the counties as shin in Figure 122 Because
rm-bank connections vary slightly over time, | use pre-diaster exposure in the year 2012
for the analysis. Because any rm can report payment relatieships with multiple banks
(although the majority only reports one), in order to constuct the rms' exposure to the
indirect e ect of the ood, | then average the exposure of all of the rms banks. Based

on this rm-specic indirect exposure of the rm's average bank, | construct a dummy

22Note that because there is geographical variation in the banks' customers e banks' exposure to the
ood is bank-speci c as opposed to county speci c.
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variable, categorizing rms as a ected and una ected from tte indirect (funding) shock.
Equation 3 demonstrates this classi cation. AvgExposureis the average exposure of all
banksi working with rm j. I classify all rms as a ected, if their average bank's expsure
to the ood is larger or equal to four, and as una ected if it issmaller than 2.5, with all

other average exposures omitted as bu er categoriés.

8

) 2 0 if AvgExposure < 2:5
IndirA ected ; = 3)

1 if AvgExposure 4

4.2 Estimation

Using this classi cation of indirectly a ected rms, | estimate a di erence-in-di erence
regression, using the classi cation of rms' indirectly aected via their banks. Equation
4 provides the estimation equation, wher&; are real outcome variables of rmj. Post
is a dummy for the period after the disaster, i.e. it is 0 fot = 2009-2012 and 1 foit =

2013-2014. ; are rm xed e ects, while ¢ are county-time xed e ects. Cy;; 1 are
rm-speci ¢ lagged control variables, speci cally: cash, ige (total assets), debt (current

liabilities), capital ratio (common equity/total assets).?*

X
InY;; = (IndirectAected; Post)+ ;+ ¢+ kCijt 1+ jt 4)
k=1

23] show in Figures 6 and 7 that the exact thresholds chosen do not matter mch for the results.
24The exact de nition of the control variables can be found in Table OA1.

15



| initially choose four key dependent variables { Y ; { in order to estimate the impact
on the rms' real performance. First, | investigate the amounhof loans taken by the rm.

This variable is important, because presumably bank lendingeduction occur via loan
reductions. However the data does not allow separating (specbank) loans from other
loans taken by the rm. Next, | investigate the rms two main input factors: labor and
capital. The second dependent variable is thus the number employees of the rm (in
logs). It is a key measure of rm performance and traditiondy highly important from

a policy perspective (Chodorow-Reich, 2014; Popov and Rath 2017). In addition to
employment, rms can also reduce their capital input if they a faced with a funding

reduction from banks. | speci cally test tangible xed assts and xed assets separately.

Crucially, in these estimations | am able to control for rm and county year xed e ects,
because the classi cation into a ected and una ected categries is not only region-, but
indeed rm- speci c. This is particularly important for two reasons. First it removes many
concerns about governmental aid biasing the estimates. Witlognty year xed e ects,
the only assumption needed is that government aid was orthagal to rm speci ¢ char-
acteristics, i.e. that no rm was given preferential treatnent over another rm. According
to the ood aid plan of the German government this is indeed tra, because all rms were
reimbursed as a fraction of their actual damages (BMI, 201BaAdditionally most of the
demand and trade e ect concerns about the estimates are reweal by using these xed
e ects. Firms may of course not only have been exposed to the aster via their banks
but also via decreased demand from their customers or deced supply from their sup-
pliers. However, these kinds of exposures should be similar frms in any una ected
region and independent of their banks' ood exposure, throdgwhich the a ected variable

is constructed. This enables a clear identi cation of théndirect shock?2®

25| additionally test other variables that are related to rm health. The r esults can be found in Table
OA2.
2670 the extent that rms' bank choice may not be orthogonal to the rms  ood exposure, for example

16



{ Figure 3 around here {

This described identi cation requires some rms exist outsle the direct ood impact which
still have exposure to banks a ected by the ood via their rm customers. To con rm that
this is indeed the case, | show the distribution ahdirectly a ected rms outside of directly
a ected regions in Figure 3. Panel (a) displays the mean of Avgéposure per region,
while Panel (b) displays the maximum values. Directly a ectd areas are displayed in
white, independent of the indirect exposure. The gure demmstrates that rms' exposure
to ood-a ected banks is diversely distributed around Gernany, although regions close to
the ood tend to have more indirect ood-exposure. This is tobe expected and a crucial
reason why county year xed e ects are important. Panel (b) further demonstraes that
there are at least soméndirectly a ected rms in most regions. This increases con dence in
the fact that the identi cation indeed captures rms' indir ect ood-exposure via its banks,
and not some unobserved other (regional) correlation and menstrates that there are at

least some rms for which this paper's identi cation can be eploited in most regions.

{ Table 1 around here {

{ Table 2 around here {

Descriptive statistics for all the variables used in the angsis of the paper can be found in
Table 1. Detailed variable de nitions are provided in Table @1 in the online appendix.
Additional descriptive evidence for the sample of rms in nohooded areas prior to the
ood, separated by (indirectly) una ected, omitted and a ected rms can be found in

Table 2. It also provides a ttest to test for mean di erences &tween the una ected and

because a rm might choose a bank in a region where it has many suppliefscustomers, | conduct several
robustness tests, by controlling for the bank- rm distance and secbr time xed e ects.
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the a ected group, which suggests that there are signi canpre- ood di erences mainly
for rm's banking characteristics. One of the important stuctural di erences is that
indirectly a ected rms are further away from their banks than the average rm-bank-
distance. This is almost by de nition, because indirectly &cted rms within the ood
area are excluded so only the more distant relationships aretlaf the sample. Concerns
that rms with larger bank-distances might respond structually di erent to the natural
disaster shock are addressed in Section 5.3, where | showt th& results hold when using a
post-disaster distance control and when removing pre- oodi erences through propensity

score matching.

4.3 Importance of bank capital in disaster shock transmission

There is some evidence that low-capital banks are more liggb transmit nancial shocks
to rms (Gan, 2007; Jinenez et al., 2017). However, there hasah been much attention
toward the fact how bank capital a ects regional shock spitivers. However, the same
mechanisms that cause a general reduction in lending duringancial crisis might amplify
regional spillovers. For smaller shocks, banks can redueading in certain regions if they
lack su cient capital. This spillover e ect should be signicantly a ected by the banks
ability to bu er even smaller shocks to its balance sheet wlt equity. Concretely, two
factors may cause lower capital banks to amplify regional fpvers: rst, banks with lower
capital ratios might have more trouble re nancing loans onhe interbank market, as they
are perceived as more risky. | term this mechanism thiesk channel Second, in the case of
a loan demand shock, banks near the margin of mandatory caglitrequirements may not
be able to raise liabilities to nance new loans without via@ting capital regulations. | term
this the regulatory channel A key part of this paper is to contribute to the understandirg

of whether bank capital is important for the transmission ad ampli cation of unexpected
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regional shocks and to get some idea about the channels thgbuwhich it might work.
| thus add triple-interaction e ects to my di erence-in-di erence analysis and estimate

Equation 5 in the following way:

InY; = a(IndirectA ected; Post)+ »(IndirectAected; Post cap)

X (5)
+ 3(cap Post)+ j+ ¢+ kCiit 11 jt
k=1

| specify cap in two dierent ways. First, | create a bank-capitalization dummy, by
splitting the sample into rms whose main bank had little reglatory capital and rms
connected to a high regulatory capital bank prior to the ood Speci cally, | average each
rms' main banks' capitalization in 2012 and 2013 and set thelummy equal to 1 if the
rms' main bank is below the median of the distribution. | theninvestigate , in order
to nd out whether such rms su er signi cantly more from the indirect shock. Second, |
estimate a continuous interaction with the pre- ood main baks' regulatory capital ratio,
which allows me to investigate the e ect of the main banks' mgulatory capital ratio on

di erent levels of the distribution.

Banks' capital regulation in Germany follows EU regulationunder Basel Ill. The total
regulatory capital requirement was set to 8% in 2013, and Tid capital had to be raised
from 4.5 to 6% until 2019. In addition banks have to build a comsvation bu er of 2.5%,
increasing the total capital requirement in normal times tdl0.5% by 2019. The minimum
amount of regulatory capital held by banks in my sample is 8% @ble 1), which is exactly
the minimum capital requirement for the years 2013-2015. /&% regulatory capital, banks
cannot extend new loans to rms without raising equity withaut violating EU regulation.

However, the mean bank in the sample holds twice as much capit@ecause many German
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banks are local savings and cooperative banks, they tend toll a little bit more capital
than large commercial banks. In addition, banks are likely tdold an internal capital
target ratio that is in excess of the regulatory minimum (Beger et al., 2008; Francis and
Osborne, 2012; Lepetit et al., 2015), which may be binding armmtevent signi cant lending
expansions. This implies that theregulatory channelis di cult to identify, because the
binding e ect of regulation may be di erent fro each bank, depnding on their internal

capital bu ers.

4.4 Loan supply vs. loan demand

Natural disasters tend to be interpreted as loan demand shackom the banks' perspective
(Cores and Strahan, 2017; Koetter et al., 2016; Cores, @14; Chavaz, 2016). Most convinc-
ingly Berg and Schrader (2012) demonstrate this nding witHoan application data from
Ecuador. This nding is intuitive, as bank-customers in oodel areas try to secure funds
for rebuilding, possibly substituted by government aid andnisurance payments. However,
it cannot be ruled out that banks connected to ood-a ected rms may also be subject
to a supply shock, as they may have to write o or incur lossesnoloans to a ected ar-
eas. While this interpretation is inconsistent with previos results from the literature, it is
nevertheless an important concern. Uniquely, this paper'dénti cation does not hinge on
the shock being a loardemandshock to banks. Because | do not examine banks directly,
but rather the banks' rm customers in non- ooded areas, it § mainly of importance that
the bank was induced to reduce loans in una ected areas. This consistent with both a

demand and a supply shock interpretation.

The supply shock interpretation would imply that banks cut their lendng elsewhere, be-

cause they have to write-o loans in the a ected areas, and rght thus be induced to sell
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other assets quickly to compensate for the losses. d&@mand shock would result in the
ood-exposed bank having to raise additional funds in ordeto satisfy demand in the af-
fected area. The bank can do this by either re nancing the newldemanded loans (Chavaz,
2016) or by cutting lending elsewhere. The demand shock inpeetation is heavily sup-
ported by the literature on the bank level, and none of the redts in this paper suggest
another interpretation. Thus, | choose to interpret the reslts as a negative funding shock
stemming from an increase in demand, although the supply am@el cannot be ruled out

and it is plausible that both mechanisms are at work at the saentime.

5 Results

5.1 Indirect E ect

Based on previous literature and the ood characteristicsnesented in section 2, | hypoth-
esize that banks shift lending from directly una ected areato directly a ected areas,
especially when banks hold little capital. In order to satfy the demand for new loans in
disaster regions, where rms are looking to nance rebuildip e orts, banks must them-
selves be able to nance these new loans. In order to do thisgriks have two options: raise
funds on nancial markets (increase liabilities), or shift gisting lending away from other
areas, for example by not renewing loans, increasing pricasincreasing funding require-
ments (reducing assets)! If banks opt for the former option, rms in non- ooded areas
should be una ected. If banks opt for the latter, rms in non-ooded areas may become

" ooded through the back-door" - i.e. unintentionally a ected by a funding reduction from

27Banks can also raise equity capital on nancial markets, although this might be more di cult in the
short term, especially for non-listed banks, which constitute themajority of the sample. This option would
increase equity, which is inconsistent with the empirical resits presented.
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banks exposed to the disaster.

| examine whether rms' banks' ood exposure matters to the rms' loans as reported on
the rms' balance sheet. | test this by estimating Equation 4using OLS with standard
errors clustered at the rm level. In this dierence-in-di erence estimation, rms are
classi ed as a ected only if their average bank is su ciently exposed to the ood via its
rms' clients (Equation 3). Columns (1)-(4) report the resuts for rms located outside the
ood radius, i.e. rms classi ed as not directly a ected accading to Equation 1. Columns
(5)-(8) report the e ects for rms located inside the ood radius. | show the results for the
latter group for two reasons: rst, to test if the e ect of being a ected by a bank funding
shock is di erent between the directly a ected and una ectedregions; second, in order
to get some indication of whether rms in directly a ected regons might actually bene t

from banks shifting their funds toward the disaster area.

{ Table 3 around here {

First, | examine whether rms' banks' ood exposure matters b the rms'loans as reported
on the rms' balance sheet. Being indirectly exposed to the od does not appear to
signi cantly a ect rm borrowing. Although the coe cient in  column (1) of Table 3 is
negative, it is not statistically signi cant. Does this shit of bank lending away from
una ected regions translate into rm-level real e ects? The results indicate that there
is a drop in tangible xed assets by 11% and xed assets by 9%rfindirectly a ected

rms in non- ooded regions. However, no e ects of a funding gbck on rms in terms of
employment can be identi ed, a fact that might be surprising en the well-documented
recent literature on the real e ects of credit supply shock®n employment (Chodorow-
Reich, 2014). This may be attributed to the relatively (compeed to international nancial

crises) small shock induced to banks by this ood event. Theesults indicate that while
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rms reduce tangible xed assets if their banks reallocateeinding away from them, these

e ects may not be su cient to cause changes in employmert

Columns (5)- (8) of Table 3 give some indication that rmsinside of the ooded regions
are indeed bene ting from a shift of bank lending. The coe ciets of investment and xed
assets have the expected positive sign (as banks channel nfarals into the a ected areas)
and the latter is statistically signi cant. The interpretation of these results is somewhat
di cult as direct and indirect e ects are not well separated for these rms. However, it
provides some indication that there is indeed a transfer ofifids from areas outside the

disaster, to areas within the disaster radius.

It may be surprising that there are no statistically signi cant e ects for borrowing and
employment but signi cant e ects for (tangible) xed assets. However, the loans variable
is very broadly de ned in the rm data, and includes loans fron non-banks. As a result
the disaster may not induce enough variation for the e ect tde signi cant. Also note
that if rms switch lenders due to the disaster this might be cetly, even if the absolute
number of loans remains unchanged. Employment decisions ofins are likely to be more
rigid than changes in the rms' xed assets, especially in a amtry with a rigid labor
market like Germany. Thus, a reduction in investment due to &redit supply contraction
may not manifest in employment e ects until a couple of yearsfter the disaster. Because
there are only two years after the ood in the data, these e és may still be too small
to detect. A second explanation is that the funding shock torms is simply too small to
entail any employment e ects regardless of the time horizorFirms invest less, but may be
able to nance day-to-day business activity from trade creitl or their own capital until the
nancing restrictions ease. This interpretation would sugest that not all nancial shocks

entail negative employment consequences as suggested ®/ricent literature (Chodorow-

28] test additional dependent variables with less success. These salts can be found in Table OA2 of
the online appendix.
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Reich, 2014; Popov and Rocholl, 2017). Instead, smaller fling shocks, such as those
from the Elbe ood to indirectly a ected rms, can be buered by rms without any
implications for employment, despite the fact that they in &ct induce a reduction of the
capital stock. Importantly, it indicates the Elbe ood itself spreads only little through the

banking system into other areas, if the shock can be bu eredylbanks.

5.2 Transmission of shocks and bank capitalization

The e ect of banks' lending shift following natural disastes from una ected to a ected
regions may be dependent on the amount of bank capital availe@. Banks' ability to
nance new loans without reducing loans elsewhere cruchaltlepends on their ability to
raise funds externally. If banks are nancially constraing, they may not be able to do
so and must raise funds internally. Banks are typically cotrained by low capital ratios
to raise new funds (Jimenez et al., 2017; Gan, 2007). Low capital ratios impede the
banks' ability to raise external funds for two reasons: rstlow capital ratios imply higher
risk of lending to that bank (Modigliani and Miller, 1958). As aresult banks with higher
capital ratios should be able to re nance new loans more ebs{risk channel). The second
reason is mandatory regulatory capital requirements. If adgmk cannot fall below a certain
regulatory capital threshold, it cannot borrow more without aising new equity at the same
time. Because raising equity is often di cult in the short term, sudden shocks (such as
a natural disaster) may force banks into raising funds by reating other lending assets,
because borrowing additional funds would violate capitakgulations fegulatory channe).

Importantly, banks do not need to be exactly at the thresholddr this e ect to take hold,

2There is a large debate on what exactly best constitutes banks' nancialconstraint. The aim of the
paper is not to contribute to that debate, so | focus on the most simpleand policy relevant measure: banks'
regulatory capital ratios. The online Appendix provides (non signi cant) results using banks' liquidity as
an alternative indicator, see Table 7 and Figure OA1.
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as they may choose to hold a (xed) bu er above the regulatoryequirement for other
liquidity related reasons. Both of these channels imply thaow-capital banks have to
cut back more lending to out of region rms, if they are face v a regional shock. The
two channels are di cult to disentangle, yet the results prowide some indication that both

channels are at work, albeit for di erent rm-level outcomes

{ Table 4 around here {

| test if banks with low capital ratios are more prone to tranmit disaster shocks to rms
in una ected regions in two ways, according to the regressiospeci ed in Equation 5.
Columns (1)-(4) in Table 4 show a regression using a low caglization dummy, which
is set equal to 1 if the rms' main bank is in the lower half of dlbanks in terms of its
pre- ood regulatory capital ratio.° | nd that indirectly a ected rms whose banks holds
below median capital, experiences a di erential lending redtion of an extraordinary 70%.
This e ect is signi cant at the 10% level3! This result provides a strong indication that
rms experience a reduction in bank lending as a result of regpal lending redistributions
from banks. Signi cantly, this reduction a ects rms input f actors: employment outcomes
are signi cantly larger for rms whose main bank holds little capital. These rms reduce
employment by roughly 17% more than their high-bank-capitacounterparts. Since the
mean rm has 57 employees, this implies that the mean rm rebses 9-10 employees more
than their high-bank capital counterpart. 2 A reduction of capital inputs { both in terms
of tangible and overall xed assets { are also exclusively aaed by low-capital banks.
Indirectly a ected rms connected to low-capital banks redice their (tangible) xed assets

by 20% more than their better capitalized counterparts.

30| take the average of 2012 and 2013 as the pre- ood regulatory capital ratio, as the od occurs in
mid 2013.

31The e ect is also not very robust. See table OA5 for details.

32Because the dummy is cut at the median, the double-interaction coe cient implies the e ect for
high-capitalized banks. As a result the di erence between the twois: 0.062+0.107=0.169.
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Columns (5)-(8) provide the results of a continuous interdion of the di erence-in-di erence
term with the pre- ood main bank regulatory capital ratio. The results of the continuous
interaction indicate that higher capital ratios in the rms' main bank imply larger lending,
employment, and (tangible) xed asset e ects, balancing thaegative e ect of the simple
di erence-in-di erence estimate. 33 With a negative baseline employment e ect of 16%, an
increase in the main banks' capital ratio by 1 percentage puireduces this e ect by about
0.91%. This means that for banks at the margin of the EU tier lapital requirement of
6%, the reduction in associated rms' employment would be 1186 The e ects on loans

and (tangible) xed assets are signi cantly steeper.

{ Figure 4 around here {

To further investigate the transmission of shocks at di eret bank capital ratios, Figure

4 displays margin-plots for the continuous interactions @sented in Table 4. As higher
regulatory capital ratios imply larger (di erential) borr owing, employment and capital
stock e ects, the slope of all curves is increasing. Capitaatios above roughly 20% are
found to have positive signi cant employment e ects, whilecapital ratios below roughly
20% imply a signi cant reduction in the rms' capital stock. This is an interesting nding
as it indicates that the negative investment e ect is driven g banks at the lower bound of
the regulatory capital ratio (regulatory channe), while the employment e ects appear to
be better explained by therisk channel Because investment and employment appear to be
closely related in a rm context, it is not quite clear why this dichotomy exists. Nevertheless

my results imply that both channels are important for ultimae rm outcomes.

330nly the employment interaction is statistically signi cant, alth ough the other e ects are close to
being signi cant also(p-values: 0.163, 0.026, 0.104, 0.122).

34Since the average bank has a capital ratio of about 17%, the e ect is roughly ze around the mean
(17 099 167= 0:13).
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Overall these results clearly indicate that banks' capitatatios are extremely important in
determining whether regional shocks are bu ered or ampli@ by banks. Larger capital
ratios are helpful in order to prevent banks from spreadinghecks to other sectors of the
economy who have no direct exposure to the shock themselvesll negative rm-level
e ects increase signi cantly if the rms' main bank is constained by a low capital ratio. It
is not clear if higher mandatory capital requirements are aogpd solution to this problem, as
my results suggest that rms reduce (tangible) xed assets ost, if their bank is constrained
by mandatory capital requirements. Since my shock is not a rago-scale shock, even capital
requirements tied to macroeconomic conditions, such as thenservation bu er would not
remove these concerns. This implies that banks have to be givother incentives to increase
capital, if the goal is to minimize the collateral damage to ms caused by frictions in the
nancial sector. It is important to recognize that the negaive real e ects implied by
low bank capital ratios can be e cient from the banks' perspetive. It is reasonable and
perhaps intended that banks distribute local risk from oneegion to another. However, my
results show that rms cannot, or at least do not hedge againhshis risk of banks shifting

lending and thus, su er real consequences as a result.

| further illustrate this with the help of a regional regres®n. Table 5 shows estimates for
e ects of higher regional average bank capital on outcomes ¢ime German county level.

In this regression, | split counties into indirectly a ected and una ected counties around
the median a ectedness of rms in that counties. Counties ative the median in indirect
disaster exposure are classi ed as aected. | then estimage post-disaster di erence in
di erence model and interact it with the average level of therms' banks' capital. The

results con rm the rm-level outcomes. A ected counties havehigher, post disaster unem-
ployment rates (column (1)) and lower GDP (column (2)). Howewuehigher average capital

signi cantly bu ers this e ect. The more bank-capital ther e exists in the system, the less
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the negative impacts spread around to other regional econ@s. Insolvencies and public

debt are una ected by the regional spillover of the ood.

This demonstrates that the e ects of higher bank capital bu &ing regional spillovers can
not only prevent negative e ects on individual rms but evento the regional economy.
Thus, because regional shock spillovers can be mitigated bigher bank capital ratios,
my results imply a previously disregarded bene t { a positie externality { of higher bank
capital. Since unexpected regional negative shocks may wicquite often, this external-
ity may have signi cant macroeconomic e ects, although thé area might require further

research.

5.3 Robustness and mechanism

Robustness Next | test whether the results hold up to several robustnesests. Table
6 presents the robustness checks of the employment e ects f0olumn (2) of Table 4.
Robustness tests for Columns (1), (3) and (4) can be found ihé Appendix (Table OAS5,
OA6 and OAY). First, | address the challenge of autocorrelatiom di erence-in-di erence
estimation raised by Bertrand et al. (2004). In order to ovesome the problem, | collapse
the sample into the pre- and post-period and run a cross-sextal regression on the new
sample. The results are displayed in Column (1), and are vesymilar to the original result;
rms connected to low capital banks decrease employment bypughly 9%. Column (2)
represents a regression using the same length of pre- andtgmsriods (i.e., 2010-2014);

here the results are almost exactly the same.

Next, | test whether the data satis es the parallel trends assmption - which is crucial to
di erence-in-di erence analysis - in two ways. First, | insgct the trends of theindirectly

a ected and una ected rms in Figure 5 descriptively. Prior to the ood, trends for the
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means of all three dependent variables run parallel, althgh with varying level di erences.
In order to con rm that the triple interaction does not su er from concerns regarding the
parallel trends assumption, Column (4) provides a placebegression. Here, the year 2011
is set as the ood year, with the years 2013-2014 being exckdl As can be seen, the
results are not signi cant, indicating that the actual ood does not capture di ering time

trends.

Additionally, there is a concern that rms' bank choice is notorthogonal - even within
region - to the ood, or more speci cally the e ects of the ood Mainly, it is possible that
rms choose banks where their supplier / customers are locad. If that were the case, my
e ect might be capturing direct ood exposure via channels ther than lending. | provide
two tests to account for this possibility. First, | include aninteraction with the post dummy
and the rm-bank distance. If my e ect is driven by the distanae between banks and rms
this coe cient should pick up the variation. Column (4) shows that indeed this interaction
is statistically signi cant, however it does not eliminatethe original result. Second, in
order to mute concerns that "specialty” banks are driving tle result, | additionally include

sector time xed e ects, again without a change in the result.

The e ects might be driven by over- tting the data with xed e ects, thus the results of
regressions with only rm xed e ects (Column(6)) and no xed e ects (Column(7)) are
shown. | provide more variation in xed e ects in Table OA8 of the online appendix. In
all regressions, the results stay very similar to the origah result. Lastly, | check whether
the results might be driven by a few banks that have extraordary high or low capital
ratios. Column (8) uses winsorized bank capital at the 5% lel; to ensure that this is not
the case. Indeed the results remain very similar, indicatinthat the results are not driven

by extreme banks in the data.
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{ Table 6 around here {

{ Figure 5 around here {

There may be concerns that the results are driven by choice thfe a ected threshold in
Equation 3. In order to demonstrate that this is not the caseand that the e ect is in fact
robust to varying the threshold levels, | rerun the regressn from Equation 5 at di erent
thresholds and plot the resulting coe cients in Figure 6 and Figre 7. Figure 6 plots the
coe cientof ; and ,, while varying the lower bound of the indirectly a ected graip. As
can be seen, the choice of the lower bound matters only slightas all 's vary very little
under di erent lower bound threshold choices. Figure 7 sinafly plots ; and ,, while
varying the upper bound of the indirectly a ected group®® For all dependent variables,
xing the upper bound too close to the lower bound - i.e. the cdrol group - will result in
insigni cant results. The choice of the control group doesat matter much, but choosing
an aected group too close to the una ected group will resulin insigni cant results, as

indirectly a ected and una ected groups become indistingishable from each other.

{ Figure 6 around here {

{ Figure 7 around here {

5.4 Other potential shock ampli ers

The results of the previous section provide strong indicatiothat low levels of bank capital

amplify regional shock spillovers. | next investigate whéer this ampli cation e ect occurs

35In Figure 6 the upper bound remains xed at 4, while in Figure 7 the lower bound remains xed at
2.5.
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only for bank capital, or whether there are other factors a eting spillovers. First, | test
whether banks liquidity is relevant. | proxy bank liquidity as the share of liquid assets over
total assets, and use the pre- ood value of the main bank asehndicator for bank liquidity.
Table 7 indicates that banks' liquidity plays no role in the trarsmission of shocks. Both
the triple interaction with a median-split dummy (columns (1)-(4)) and the continuous

interactions (columns (5)-(8)) show no signi cant results

{ Table 7 around here {

The regional transmission of shocks to the real economy migiiso depend on the nan-
cial constraint of individual rms. In fact, if rms do not fa ce any nancial constraints, a
reduction in bank credit by their banks as a result of loan rdcation following natural
disasters should not matter to the rm at all, as it could sub$itute with alternative -
nancing options, such as cash reserves or its own capital.bl&@ 8 demonstrates the results
of a continuous interaction with both the rms' pre- ood capital ratio (Columns (1)-(3))
and the rms' pre- ood cash holdings (Columns (4)-(6)). Thee are few indications that
rms' capital is important. Signi cant e ects of higher rm capital can only be detected
for (tangible) xed assets (column (3)). Additionally, rm li quidity appears to matter for
the borrwoing ability of rms (column (4)). 3¢ These results are somewhat surprising,
given that rm capital has been found to matter for real e ectsin crisis times (Jinenez
et al., 2017). However, regional shock transmission appe&osbe somewhat independent
from rm factors and rather depend on the ability of banks to &tend loans in emergency

situations.

{ Table 8 around here {

36Figure OA4 and Figure OAS5 in the online appendix show the marginsplots forthese continuous
interactions.
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6 Conclusion

This paper investigates the e ect of an exogenous bank fumdj shock on rms' real out-
comes in terms of borrowing, employment, and the capital stk. | contribute to the
growing literature on the real e ects of nancial disruptions (Chodorow-Reich, 2014; On-
gena et al., 2015), by examining a funding shock caused by bahlending shifts following a
natural disaster (Cores and Strahan, 2017). As banks redict lending from non-disaster
to disaster areas, rms una ected by the disaster, yet with a onnection to a disaster
exposed bank, reduce their capital stock by 9-12%. This béise e ect is signi cantly am-
pli ed by low-levels of bank capital. Firms connected to bank with low capital ratios, are
most a ected by such " ooding through the back door", as theyexperience an additional
signi cant reduction in borrowing, which leads the mean rmin the sample to release 9-10
employees more than rms connected to above-median capitahnks. These results imply
that even small regionals shocks can be transmitted throughe banking sector to other-
wise non-shocked rms, especially if the level of bank capitis small. As small regional
shocks { which do not necessarily have to be natural disastdrare fairly common, a badly
capitalized banking system may be propagating shocks acroass instead of absorbing

them.

To identify these e ects, | use a matched rm-bank level datast during the ooding of
German regions in 2013, one of the largest natural disastars recent German history.
First, | use the location of banks' rms in order to gauge the bak's exposure to the ood.
Then | investigate the e ects on rms in non- ooded areas, ifthey hold a relationship to
banks with an exposure to the ood, and test if such rms perfom di erently with regard
to borrowing, employment, and capital inputs, especially aen the exposed bank has little

capital.
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The results hold up to several robustness tests, includinglapsing and varying the sample
period. The parallel trends assumption also passes both vaunspection and a placebo
test. | nd some indications that these changes in real e et are in fact driven by a
reduction in lending from banks. The identi cation of a redwtion in lending might be
di cult as rms substitute other forms of nancing, in which ¢ ase the observed real e ects
might be due to switching costs (Degryse et al., 2011) and nokecessarily an absolute

reduction in lending levels.

My results imply the importance of high bank capital ratios, ot only to prevent bank
failure and a systematic collapse of the banking market, butditionally in order to prevent
propagation of smaller (real economic) shocks through thenancial system. For banks,
this shock propagation might be e cient ex-ante, but my resuls demonstrate that rms
and the regionals economy su er real consequences if banksrbt hold su cient capital.
This provides strong evidence that even on a limited regionatale, low bank capital may
carry previously disregarded negative externalities, anablicies aimed at increasing banks'

capital may provide bene ts even for non-systemically rel@ant banks.
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Figures and Tables
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Figure 1: A ected German counties by damage categories

This Figure shows the distribution of the damage sustaineddm ooding in Germany
from May 25th through June 15th 2013, by German counties (Kree). Flooding damage
is reported as the percentage of ood-insurance contractstaated during the period and
is reported in 9 categories, from 0 to 15%. Data is provided hige German Association of
Insurers.
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. Directly a ected Firm

Figure 2: Indirectly a ected rms: lllustration

This gure illustrates the identi cation of indirectly a e cted rms. Firms are depicted as rectangles, banks as circle s. Directly
aected rms (solid black) are identi ed by their location i n the aected region. A ected banks (grey circle) are de ned
as aected by their customers location. As such they can also be located outside of the aected region (Koetter et al.,
2016). Indirectly a ected rms are identi ed, if their aver age bank is a ected by the ood (grey rectangle). Region time
xed e ects imply a strictly within region comparison betwe en indirectly a ected rms and not-indirectly a ected rms (as
illustrated by the rectangular framework in the unaected r  egion).
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(a) Mean exposure ofindirectly a ected rms (b) Maximum exposure ofindirectly a ected
rms

Figure 3: Distribution of indirect exposure of rms in non-directly a ected areas

This gure shows the distribution of the rms' average expoare of its banks to the disaster
(AvgExposure) by German regions. Section 4.1 describes hdwst measure of rms' indi-
rect exposure to the disaster via its banks is derived. Pan@) shows the mean exposure
of all rms in the region. Panel (b) shows the maximum exposer of rms in the region.
Labels are displayed in the upper left corner of each graph.
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Figure 4. Marginal E ect of the interaction with the di erence-in-di erence coe cient at
di erent values of main bank's capitalization: Real e ects

This gure shows the marginal e ects of the di erence-in-dierence estimation of being
a ected by a bank funding shock resulting from ooding in otler regions at di erent values
of the rms' main bank's capital ratio (according to the regession in Table 4). Capital
ratios are indicated as shares on the x-axis. Each graph regents the marginal e ects
for a di erent dependent variable, as indicated by its title Bars indicate 90% con dence
intervals. The results of the regression are shown in Table 4
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Figure 5: Parallel trends of dependent variables: Indirect ect

This gure shows the means of the key dependent variables ovemig (in levels), dier-

entiated by whether the rms are exposed to an indirect shockom the ood via their

banks (dashed line) or not (solid line). Only rms outside ofdirectly a ected regions are
displayed. Values are displayed for the years 2009-2014¢ept for the investment variable
where 2009 is excluded, because it is a growth variable.
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Figure 6: Varying the lower bound of theindirectly a ected threshold

This gure displays the estimated coe cients from Equation 5 using di erent thresholds

of the indirectly a ected variable (IndirA ected). Each graph indicates results for a di er-

ent dependent variable as indicated by its title. The continous triple interaction e ect of

the regression () is depicted by the dark circle, while the simple di erencen-di erence

e ect is depicted by the light square (). The threshold for indirectly a ected banks is
setto 4, and the thresholds for una ected banks varies according the values displayed
on the x-axis. If the una ected threshold is set to< 1.5, the number of una ected banks is
too low for reasonable estimates. Bars represent 90% conrae intervals.
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Varying the upper bound of theindirectly a ected threshold

This gure displays the estimated coe cients from Equation 5 using di erent thresholds

of the indirectly a ected variable (IndirA ected). Each graph indicates results for a di er-

ent dependent variable as indicated by its title. The continous triple interaction e ect of

the regression () is depicted by the dark circle, while the simple di erence-idi erence

e ect is depicted by the light square (1). The threshold for una ected banks is set to
values lower than 2.5 and the upper thresholds varies accorg to the values displayed
on the x-axis. If the a ected threshold is>5, the number of a ected banks is too low for
reasonable estimates.
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Table 1: Descriptive Statistics

N Mean SD Min Max
Identi cation
DirA ected 712365 0.31 0.46 0.00 1.00
IndirA ected 701773  0.16 0.37 0.00 1.00
Dependent Variables
Loans (mil. EUR) 534667  0.64 13.50 0.00 3185.00
Number of Employees 895565 57.11 929.40 1.00 276418.00
Tangible Fixed Assets (mil. EUR) 895565  3.49 67.19 0.00 19953.00
Fixed Assets (mil. EUR) 895565 8.09 268.52 0.00 45448.00
Control Variables
L.Cash(mil.EUR) 895565  1.02 2495 0.00 7089.00
L.Total Assets (mil. EUR) 895565 14.09 409.40 0.00 85276.00
L.Capital Ratio 895565  0.34 0.27 0.00 1.00
L.Current Liabilities (mil. EUR) 895565 3.75 142,62 0.00 28261.00
Firms' banking characteristics
Main banks' reg capital ratio (cap _pre) 895565 0.17 0.04 0.08 0.78
Distance to main bank (100 km) (dist _pre) 865453  0.87 1.33 0.00 7.92
Number of banks per rm (bank _count_pre) 891039 1.69 0.89 1.00 7.00
Savings Bank dummy (savings) 891039 0.46 0.50 0.00 1.00
Cooperative Bank dummy (coop) 891039  0.22 0.42 0.00 1.00
Commercial Bank dummy (comm) 891039 0.28 0.45 0.00 1.00

This table presents summary statistics for all variables us ed in the subsequent regressions. DirA ected is a dummy
variable based on the rms' location with regard to the ood (  c.f Figure 1), according to Equation 1. It is set equal to 1

if the rm is located in a county with a damage category of 4 or h  igher and set equal to O if it is located in a county with
category 1. IndirA ected is a dummy variable constructed vi a measuring the exposure of the rm to the ood via its
banks, according to Equation 2 and 3. It is set equal to 1 if the average exposure of the rm's banks is 4 and set equal
to 0 if itis < 2.5. Cash, total assets and current liabilities are reporte d in levels, but included as logs in the regressions.
Capital ratio is measured by common equity divided by total a  ssets. All control variables are used in as rst lags in the
regressions. Banks regulatory capital ratio is each rm's m ain bank's regulatory capital ratio prior to the ocodasamea n
of 2012 and 2013 values. Distance to main bank is the distance between the center of the postal code of the rm, and
the center of the banks postal code, scaled to 100 km interval s. Number of banks per rm refers to the number of bank
relationships recorded for each rm. Firms' banking charac teristics are taken as pre- ood levels. All rm-level varia  bles
are taken from the Amadeus database. All bank-level informa tion stems from Bankscope.
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Table 3: Indirect e ect of ooding on rms real outcomes

Outside directly a ected regions

Inside directly a ected regions

() (@) (©) (4) (5) (6) @) ®)
Loans Employment Tangible Fixed Loans Employment Tangible Fixed
Assets Assets Assets Assets
Post  IndirA ected -0.125 0.003 -0.117 -0.094 -0.065 -0.001 0.014 0.028
(0.215) (0.020) (0.059) (0.052) (0.069) (0.004) (0.016) (0.013)
L.Cash -0.031 0.002 0.012 0.004 -0.018 0.002 0.005 -0.001
(0.007) (0.000) (0.002) (0.001) (0.013) (0.001) (0.002) (0.002)
L.Total Assets 0.212 0.091 0.394 0.402 0.239 0.097 0.394 0.401
(0.030) (0.003) (0.012) (0.012) (0.053) (0.005) (0.020) (0.019)
L.Current Liabilities 0.011 0.000 0.001 -0.000 0.016 0.001 0.001 0.001
(0.002) (0.000) (0.000) (0.000) (0.004) (0.000) (0.001) (0.000)
L.Capital Ratio -0.607 0.025 0.128 0.233 -0.778 0.017 0.194 0.249
(0.084) (0.007) (0.025) (0.019) (0.156) (0.011) (0.041) (0.035)
N 256,421 458,782 458,782 458,782 83,069 139,164 139,164 139,164
Number of Firms 74,046 108,954 108,954 108,954 27,915 33,067 33,067 33,067
Treatment Group 389 477 477 477 21,924 26,023 26,023 26,023
Within R 2 0.001 0.015 0.023 0.033 0.002 0.020 0.026 0.035
Controls (lagged) YES YES YES YES YES YES YES YES
Firm Fixed E ects YES YES YES YES YES YES YES YES
County  Year Fixed E ects YES YES YES YES YES YES YES YES

This table presents the results of the indirect e ect of ooding on r
xed assets. Firms are indirectly a ected, if their average bank has a lar
the ood (see Section 4 for details). E ects are shown for rms outside
area (Columns (5)-(8)). IndirA ected is a dummy variable constructed b
according to Equation 2 and 3. Loans is the log of rm borrowing. Employment is
Assets is the log of rms' tangible xed assets. Fixed Assets is the log
liabilities and the capital ratio. All controls are included as rst lags.
for the rms' liquidity. Total assets is the log of the banks total assets
current liabilities and is a proxy for the rms' short-term indebt

for the rms' relative equity position. | control for rm and county
point estimates are in parentheses. *, **, and *** denote signi cance at the 10%,

ms for four di erent outcomes: Loans, employment, tangible assets and
ge ood exposure, due to its rm-customer location with regard to
the disaster area in Column (1)-(4) and for rms inside the disaster

y measuring the exposure of the rm to the ood via its banks,
the log of the number of rms' employees. Tangible
of rms' xed assets. Control variables are cash, total assets, curre
Cash is the log of all cash and cash equivalent of rms and is a proxy
and is proxy for rm size. Current liabilities is the log of the rms

edness. Capital ratio is common equity divided by total assets, and con

year xed e ects. Clustered standard errors on the rm level of t
5%, and 1% levels, respectively.

Table 4: Amplifying the shock: Main bank's capital bu er

Low capitalization dummy

Continuous Interaction

(€] 2 (3) (4) ®) (6) ) ()]
Loans Employment Tangible Fixed Loans Employment Tangible Fixed
Assets Assets Assets Assets
Post  IndirA ected 0.277 0.062 0.000 0.022 -1.264 -0.156 -0.561 -0.532
(0.310) (0.023) (0.075) (0.064) (0.892) (0.083) (0.294) (0.302)
Post  IndirA ected lowcap -0.707 -0.107 -0.208 -0.207
(0.411) (0.036) (0.110) (0.098)
Post  IndirA ected cap _pre 6.567 0.912 2.567 2.532
(4.706) (0.410) (1.579) (1.637)
N 272,779 458,783 458,783 458,783 272,779 458,783 458,783 458,783
Number of Firms 90,404 108,954 108,954 108,954 90,404 108,954 108,954 108,954
Treatment Group 389 477 477 477 389 477 477 477
Triple Interaction Group 211 261 261 261
Within R 0.001 0.015 0.023 0.033 0.001 0.015 0.023 0.033
Controls (lagged) YES YES YES YES YES YES YES YES
Firm Fixed E ects YES YES YES YES YES YES YES YES
County  Year Fixed E ects YES YES YES YES YES YES YES YES

This table presents interactions of the standard di erence-in-di e
bank. Only non-directly aected rms are included. Columns (1)-(4) sp

which is set equal to 0 for all rms' banks above the median of the pre- oo
banks below the median. Columns (5)-(8) represent the results of a cont

main bank (cap

rence estimation from Table 3 with the capitalization of the rms' main

ecify the interactions with a low capitalization dummy (lowcap)

d capitalization distribution and set equal to 1 for the rms with
inuous interaction with the pre- ood capitalization of the rms'
latory capital ratio in the years 2012 and 2013.

IndirA ected is a dummy variable constructed by measuring the exposu
and 3. Loans is the log of rm borrowing. Employment is the log of the number of
tangible xed assets. Fixed Assets is the log of rms' xed assets. Unre
and the capital ratio. All controls are included as rst lags. Cash is the log of
rms' liquidity. Total assets is the log of the banks total assets and is pro
liabilities and is a proxy for the rms' short-term indebtedness.

_pre). The pre- ood capitalization is based on an average of the banks' regu

re of the rm to the ood via its banks, according to Equation 2
rms' employees. Tangible Assets is the log of rms'
ported control variables are cash, total assets, current liabilities
all cash and cash equivalent of rms and is a proxy for the
xy for rm size. Current liabilities is the log of the rms' curren
Capital ratio is common equity divided by total assets, and controls fo

trols

the rms' relative equity position. | control for rm and county year xed e ects. Clustered standard errors on the rm level of the

point
estimates are in parentheses. *, **, and *** denote signi cance at the 10%, 5%, and 1% levels, respectively.
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Table 5: Regional ampli cation e ects of low bank capital afer a shock

(€ (2 (3) (4)
Unemployment (%) log(GDP) Insolvencies Public Debt
Post Indirectly A ected 2.758 -0.113 -176.052 0.166
(1.321) (0.066) (205.050) (0.493)
Post  avg _cap _pre -7.658 0.004 221.168 2.935
(5.194) (0.232) (529.121) (1.934)
Post Indirectly A ected avg _cap _pre -16.953 0.750 962.819 -2.324
(7.781) (0.379) (1041.041) (2.808)
N 1,652 1,521 1,485 1,464
Number of Firms 169 169 169 166
Treatment Group 85 85 85 84
Within R 0.100 0.033 0.006 0.027
Firm Fixed E ects YES YES YES YES
Year Fixed E ects YES YES YES YES
This table presents the results of county level regressions indic ating the e ect of low bank capital on post-disaster regional performa nce.

Unemployment is the regional unemployment rate in %. log(GDP) is the natur
absolute number insolvencies. Public Debt is the log of public deb

the county's share of indirectly a ected rms is larger than the median and 0
_cap _pre captures the mean level of bank capital held by rms' banks in the coun

are considered. The continuous variable avg
ood in 2012. Post is a dummy set equal to 1 after the disaster year (2013) and O oth
Clustered standard errors on the rm level of the point estimates are i

1% levels, respectively.
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al logarithm of per capita regional GDP. Insolvencies are the

t in the county. Indirectly a ected is a dummy variable set equal t

olif

otherwise. Only non-directly a ected (non- ooded) counties

ty, prior to the

erwise. | control for County and time xed e ects.
n parentheses. *, ** and *** denote signi cance at the 10%, 5%, and
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Table 7: Other potential shock ampli ers: Main bank's liquidty

Low capitalization dummy Continuous Interaction
@ &) 3 4) ®) (6) )} ®)
Loans Employment Tangible Fixed Loans Employment Tangible Fixed
Assets Assets Assets Assets
Post  IndirA ected 0.138 -0.014 -0.023 -0.024 -0.533 0.006 -0.195 -0.182
(0.372) (0.035) (0.091) (0.081) (0.381) (0.031) (0.108) (0.102)
Post  IndirA ected lowliq -0.443 0.026 -0.156 -0.118
(0.435) (0.040) (0.114) (0.103)
Post  IndirA ected liq _pre 3.074 0.003 0.704 0.750
(2.646) (0.213) (0.635) (0.630)
N 272,862 458,930 458,930 458,930 272,863 458,934 458,934 458,934
Number of Firms 90,444 109,004 109,004 109,004 90,445 109,005 109,005 109,005
Treatment Group 389 477 477 477 389 477 477 477
Triple Interaction Group 227 286 286 286
Within R 2 0.001 0.015 0.023 0.033 0.000 0.000 0.000 0.000
Controls (lagged) YES YES YES YES YES YES YES YES
Firm Fixed E ects YES YES YES YES YES YES YES YES
County Year Fixed E ects YES YES YES YES YES YES YES YES
This table presents interactions of the standard di erence-in-di er ence estimation from Table 3 with the liquidity of the rms' main bank
Only non-directly aected rms are included. Columns (1)-(4) specify the interactions with a low liquidity dummy (lowliq) which is se
equal to O for all rms' banks above the median of the pre- ood liquidity distribution and set equal to 1 for the rms with banks below
the median. Columns (5)-(8) represent the results of a continuous inte raction with the pre- ood liquidity of the rms' main bank (liq _pre).
The pre- ood liquidity is based on the average of the banks liquidit y in the years 2012 and 2013. Liquidity is de ned as the share of cash
on total assets. IndirA ected is a dummy variable constructed by measuri ng the exposure of the rm to the ood via its banks, according
to Equation 2 and 3. Loans is the log of rm borrowing. Employment is the log of t he number of rms' employees. Tangible Assets is the
log of rms' tangible xed assets. Fixed Assets is the log of rms' xed ass ets. Unreported control variables are cash, total assets, curren
liabilities and the capital ratio. All controls are included as rst lags. Cash is the log of all cash and cash equivalent of rms and is a proxy
for the rms' liquidity. Total assets is the log of the banks total assets and is proxy for rm size. Current liabilities is the log of the rms
current liabilities and is a proxy for the rms' short-term indebt edness. Capital ratio is common equity divided by total assets, and con trols
for the rms' relative equity position. | control for rm and county year xed e ects. Clustered standard errors on the rm level of t he
point estimates are in parentheses. *, **, and *** denote signi cance at the 10%, 5%, and 1% levels, respectively.

Table 8: Other potential shock ampli ers: Firms' capitalizaion and liquidity

Capital ratio Liquidity
@ (@) (3) (4) () (6) ] ()]
Loans Employment Tangible Fixed Loans Employment Tangible Fixed
Assets Assets Assets Assets
Post  IndirA ected -0.336 0.029 -0.255 -0.142 -0.458 0.004 -0.122 -0.106
(0.372) (0.027) (0.099) (0.096) (0.292) (0.026) (0.077) (0.062)
Post  IndirA ected adequacy _pre 0.512 -0.065 0.460 0.180
(0.662) (0.046) (0.233) (0.197)
Post  IndirA ected liq _pre 1.936 0.024 0.219 0.172
(0.742) (0.067) (0.385) (0.298)
N 270,389 454,631 454,631 454,631 269,406 452,777 452,777 452,777
Number of Firms 89,275 107,568 107,568 107,568 89,025 107,325 107,325 107,325
Treatment Group 379 467 467 467 374 460 460 460
Within R 2 0.001 0.015 0.024 0.033 0.001 0.015 0.023 0.033
Controls (lagged) YES YES YES YES YES YES YES YES
Firm Fixed E ects YES YES YES YES YES YES YES YES
County  Year Fixed E ects YES YES YES YES YES YES YES YES
This table presents interactions of the standard di erence-in-di e rence estimation from Table 3 with rm nancial constraint indicator S.
Columns (1)-(3) provide results for a continuous interaction with rm' s pre- ood capital ratio (adequacy —pre). Columns (4)-(6) provide the
results of a continuous interaction with the pre- ood liquidity of the rm in terms of its cash reserves (cash —pre). IndirA ected is a dummy
variable constructed by measuring the exposure of the rm to the ood via its banks, according to Equation 2 and 3. Loans is the log of rm
borrowing. Employment is the log of the number of rms' employees. Tangib le Assets is the log of rms' tangible xed assets. Fixed Assets
is the log of rms' xed assets. Unreported control variables are cash, total as sets, current liabilities and the capital ratio. All controls are
included as rst lags. Cash is the log of all cash and cash equivalent of rms an d is a proxy for the rms' liquidity. Total assets is the
log of the banks total assets and is proxy for rm size. Current liabilit ies is the log of the rms' current liabilities and is a proxy for th e
rms' short-term indebtedness. Capital ratio is common equity divid ed by total assets, and controls for the rms' relative equity positi on.
| control for rm and county year xed e ects. Clustered standard errors on the rm level of the poi nt estimates are in parentheses. *, **,

and *** denote signi cance at the 10%, 5%, and 1% levels, respectively.
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7 Appendix

7.1 Further Extensions

Relationship lending Additional banking characteristics may play a role for lendig

shifts following a natural disaster. Prior literature indicdes that relationship banking
(Boot, 2000) might play a twofold role following natural digsters. First, relationship
banks may provide more lending to areas a ected by the naturalisaster (Cores, 2014),
because they have more proprietary information about borraws, giving them a compet-
itive advantage in times of crisis. As a result such banks mayead to withdraw more
funding from una ected areas, simply because they lend mote disaster-a ected areas.
However, relationship banks may be less inclined to restrictedit to other rms, because
they want to retain their lending relationship also in una ected areas. They might thus
shift less lending, or be more inclined to re nance their lefing to disaster areas or fund

it by raising new equity.

{ Table OA4 around here {

Table OA4 provides two tests of di erential e ects for relationship banking indicators.
First, | test whether rms, whose main bank is located closemi terms of geographical
distance are more or less a ected by the indirect shock fronhé ood. Columns (1)-(3)
report the continuous interaction of the di erence-in-di erence estimator with the rm-
bank distance in 100 kilometer intervals. The negative coeient for the triple interaction
term demonstrates that for rms whose banks are located furégr away, employment is
reduced by about 2.3% more per 100 kilometers. However the ethdependent variables

appear not to be signi cantly a ected, although they also shw a negative coe cient. This
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result lends some credence to the hypothesis that relatidnp banks do not transfer shocks
as much as arms-length lenders, or are at least able to do sdaheut impacting borrowers
in una ected markets. Next, | test whether the number of bankgor each rm matters,
because rms with more relationships are more likely to be ars-length borrowers. 1 nd
that all variables are di erentially una ected. This provides some evidence that arms-
length borrowing may not matter { neither negatively nor pogively { for rms su ering

from a random funding shock.®’

Overall, the data provides only a weak indication that relabnship banking may compen-
sate slightly for the indirect shock, or stated di erently,that relationship banks do not shift
lending to the extent that arms-length lenders do, althoughhe results are not consistent
across the two indicators, or the three variables used. Thesult is somewhat surprising,
given that relationship lenders might be especially inclinetb provide lending to a ected
areas, because of their advantage in acquiring informati@bout the future pro tability of
borrowers following the disaster (Koetter et al., 2016; Ces, 2014). My ndings suggest
that for relationship banks, this does not occur at the costfcconnected, yet not directly
disaster a ected rms. This may be explained by the fact thatsuch banks are able to
more credibly resell new loans on secondary markets (Chav@p16) or because they tend

to have larger capital or liquidity bu ers they can exploit in crises.

{ Table OA3 around here {

Bank type  Germany's banking system is dominated by three major categes of banks:
(government) savings banks, cooperative banks and commatcdbanks. The bank type

may be important in explaining the extent of banks' lending lsifts. Government banks

37] provide the marginsplots for the interactions with these continuous relationship variables in Figure
OA2 and Figure OA3 in the online appendix.
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may be pressured into providing more loans to disaster-a ts businesses, because it is
politically bene cial for local and regional politicians Carvalho, 2014). As a result, gov-
ernment banks might shift more lending from una ected into aected regions. Government
banks also constitute a major di erence to the previous pape looking at bank lending in
the aftermath of natural disasters in the United States (Chaaz, 2016; Cores and Strahan,
2017). German savings and cooperative banks are banks thae dypically restricted to
a certain geographical area, although customers can alsonkawvith more distant savings
banks on occasio® Nevertheless, they typically do not own distant branches, dm which
they are likely to shift lending to disaster areas. It is thusriteresting whether these local
German banks react di erently to the disaster demand than aomercial banks. | test
this idea by interacting the di erence-in-di erence coe cient with a dummy for each of
the three major bank types. The results are provided in Tabl®A3. There is some evi-
dence that government banks indeed cause a di erentiallyiger reduction in real e ects.
The coe cients for all three dependent variables are negate, although only the e ect on
investment is statistically signi cant. This result suppots the interpretation that govern-
ment savings banks may have shifted more lending to disastmeas at the expense of other
customers, an e ect that may be caused by political presswse Furthermore there is an
indication that rms working with a cooperative bank experence a lower reduction in in-
vestment (Column (6)) than other banks. This result is in linewith an emerging literature
demonstrating that cooperative banks can more easily smoosimnocks (Ferri et al., 2014).
It is also supportive of the idea that government banks may havbeen pressured by local
politicians to shift more lending, as cooperative banks hawesimilar local business model,

yet they are not controlled by local politicians.

38savings banks are not allowed to actively acquire customers outside ofsi own region, but also do
not have to reject them if they are actively seeked out. Additionally bank-customers may stick with their
regional savings banks, even if they change locations as savings banks cemge nationwide for certain
banking services such as cash withdrawals.
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7.2 Figures and Tables
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Figure OA1: Marginal E ect of the interaction with the di erenc e-in-di erence coe cient
at di erent values of banks' Liquidity

This gure shows the marginal e ects of the di erence-in-dierence estimation of being
a ected by a bank funding shock resulting from ooding in otker regions at di erent
values of the banks' liquidity (according to the regressiom columns (5)-(8) of Table 7).
Bank liquidity is the share of cash on total assets, averagewer the years 2012 and 2013.
Bank Liquidity is depicted on the x-axis. Each graph represg¢s the marginal e ects for
a di erent dependent variable, as indicated by its title. Bas indicate 90% con dence
intervals.
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Figure OA2: Marginal E ect of the interaction with the di erenc e-in-di erence coe cient
at di erent values of rm bank distance

This gure shows the marginal e ects of the di erence-in-dierence estimation of being
a ected by a bank funding shock resulting from ooding in otler regions at di erent values
of the rm-bank distance (according to the regressions in asins (1)-(4) of Table OA4).
Distance is indicated in 100 kilometer intervals on the x-agx. Each graph represents the
marginal e ects for a di erent dependent variable, as indiated by its title. Bars indicate
90% con dence intervals.
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Figure OA3: Marginal E ect of the interaction with the di erenc e-in-di erence coe cient
at di erent values of rms' bank number

This gure shows the marginal e ects of the di erence-in-dierence estimation of being
a ected by a bank funding shock resulting from ooding in otter regions at di erent values
of the rms' bank number (according to the regression in colums (5)-(8) of Table OA4).

Bank number varies from 1-8 and is depicted on the x-axis. Eadraph represents the
marginal e ects for a di erent dependent variable, as indiated by its title. Bars indicate

90% con dence intervals.
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Figure OA4: Marginal E ect of the interaction with the di erenc e-in-di erence coe cient
at di erent values of rms' capitalization

This gure shows the marginal e ects of the di erence-in-dierence estimation of being
a ected by a bank funding shock resulting from ooding in otler regions at di erent values
of the rms' capital (according to the regression in columngl)-(4) of Table 8). Firm capital

values are depicted as ratios on the x-axis. Each graph repnetsethe marginal e ects for
a di erent dependent variable, as indicated by its title. Bas indicate 90% con dence
intervals.
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Figure OA5: Marginal E ect of the interaction with the di erenc e-in-di erence coe cient
at di erent values of rms' Liquidity

This gure shows the marginal e ects of the di erence-in-dierence estimation of being

a ected by a bank funding shock resulting from ooding in otker regions at di erent

values of the rms' liquidity (according to the regressionm columns (5)-(8) of Table 8).

Firm liquidity is the share of cash and cash equivalent on totassets and is depicted on
the x-axis. Each graph represents the marginal e ects for ai drent dependent variable,

as indicated by its title. Bars indicate 90% con dence interals.
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Table OA1: Variable de nitions

Identi cation Variables:

DirA ected

IndirA ected

Post

Dependent Variables:

Loans

Employment
Tangible Fixed Assets

Fixed Assets

Control Variables:

Cash

Total Assets
Capital Ratio
Current Liabilities

Channel

Loans
Long term debt

Capital

Interaction Variables:

Main bank's reg. capital ratio (cap _pre)
Main bank's reg. capital ratio dummy (lowcap)
Distance to main bank in km (dist
Number of banks per rm (bank
Savings Bank dummy (savings)
Cooperative Bank dummy (coop)
Commercial Bank dummy (comm)

Pre- ood rm capital ratio (adequacy
Pre- ood rm liquidity (liq

Dummy variable indicating whether the rm was located in a o oded
region during the 2013 ooding. A value of 1 indicates thatth e rmis

located in a county with a claim ratio category of 4 or larger. A value of 0

indicates its located in within an una ected county (claim r  atio category

1). For a description of the categories refer to Figure 1.

Dummy variable indicating whether the rm is exposed to afun  ding shock
from its banks, stemming from the ood. A value of 1 indicates that

the rms average bank has an exposure to the disaster via its rms of 4
or larger. A value of 0 indicates the exposure is smaller than 2.5. See
Equation 2 and 3 for details.

Dummy variable set equal to 1 for the years 2013 and 2014 and se t equal

to 0 from 2009 to 2012.

Firm borrowing in millions of Euros. Used as natural logarit hm in the
regressions.

Number of rms' employees. Used as natural logarithm in the r  egressions.
Firms' tangible xed assets in millio  ns of Euros. Used as natural logarithm
in the regressions.

Firms' xed assets in millions of Euros. Used as natural loga rithm in the
regressions.

Cash and cash equivalent in millions of Euros.

Total assets in millions of Euros.

Shareholder funds (common equity) divided by total assets.
Current liabilities in millions of Eur 0S.

Current liabilities: loans in millions of Euros. Used as nat ural logarithm

in the regressions.

Non current liabilities: long term debt in millions of Euros . Used as
natural logarithm in the regressions.

Common equity in millions of Euros. Used as natural logarith m in the
regressions.

Regulatory capital ratio of the rms' main bank. Set to p re- ood levels
as an average of 2012 and 2013.

Dummy set equa | to 1 if the main bank's regulatory capital ratio (cap  _pre)

is above the median and set to O if it is below the median.
Distance between the middle of the rms postal code andt he banks postal
code in 100 kilometer intervals. Examined at 2012 (pre- ood ) levels.
Number of banks the rm reports a relationship with. Exa  mined at 2012
(pre- ood) levels.

Dummy variable set equal to 1 if the rm's main bank is a (government
owned) savings bank.

Dummy variable set equal to 1 i f the rm's main bank is a cooperative
bank.

Dummy variable set equal to 1 if  the rm's main bank is a commercial
bank.
Firms capital ratio (capital/total assets) prior to th e ood (in 2012).
Firms liquidity (cash/total assets) prior to the ood ( in 2012).

This table presents de nitions of all the variables used in t

appendix.

he regression tables and gures used in the main text and the o nline
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Table OA4: Relationship banking

Firm-bank distance

) 2

Number of banks

©) (4) ®) (6 0] ®)

)
Employment

Loans Employment Tangible Fixed Loans Tangible Fixed
Assets Assets Assets Assets

Post  IndirA ected 0.109 0.039 -0.023 -0.012 -0.750 -0.013 -0.129 -0.026

(0.260) (0.022) (0.069) (0.058) (0.435) (0.039) (0.117) (0.106)
Post  IndirA ected dist _pre -0.166 -0.021 -0.044 -0.039

(0.126) (0.012) (0.041) (0.033)
Post  IndirA ected bank _count _pre 0.441 0.014 0.025 -0.041

(0.288) (0.020) (0.065) (0.067)
N 265,141 445,584 445,584 445,584 270,389 454,631 454,631 454,631
Number of Firms 87,419 105,319 105,319 105,319 89,275 107,568 107,568 107,568
Treatment Group 371 458 458 458 379 467 467 467
Within R 0.001 0.015 0.023 0.033 0.001 0.016 0.023 0.033
Controls (lagged) YES YES YES YES YES YES YES YES
Firm Fixed E ects YES YES YES YES YES YES YES YES
County  Year Fixed E ects YES YES YES YES YES YES YES YES
This table presents interactions of the standard di erence-in-di e rence estimation from Table 3 with relationship banking indicators. Columns

(1)-(4) provide the results of a continuous interaction with the dis
in 100 km intervals. Columns (5)-(8) provide the results of a continuous
with (bank

assets, current liabilities and the capital ratio. All controls are inc

and is a proxy for the rms' liquidity. Total assets is the log of the bank

of the rms' current liabilities and is a proxy for the rms' short-t

and controls for the rms' relative equity position. | control for rm and
level of the point estimates are in parentheses. *, **, and *** denote signi

_count _pre). IndirA ected is a dummy variable constructed by measuring the
according to Equation 2 and 3. Loans is the log of rm borrowing. Employment is
Assets is the log of rms' tangible xed assets. Fixed Assets is the log

tance between the rm and its main bank (dist _pre). Distance is measured
interaction with the number of banks each rm reports a relationshi p
exposure of the rm to the ood via its banks,

the log of the number of rms' employees. Tangible

of rms' xed assets. Unreported control variables are cash, total

luded as rst lags. Cash is the log of all cash and cash equivalent of r ms

s total assets and is proxy for rm size. Current liabilities is the log

erm indebtedness. Capital ratio is common equity divided by total as sets,
county year xed e ects. Clustered standard errors on the rm

cance at the 10%, 5%, and 1% levels, respectively.
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