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Abstract

Against the backdrop of a strong increase in tbeksbf non-performing loans in the
several European countries, this paper investigdtesrole of non-performing loans
(NPLs) for lending rates charged for newly grantedns in the euro area. More
precisely, it looks for an effect that goes beydosses linked to that stock that are
already incorporated in the banks’ capital posgiofRurthermore, this paper considers
the importance of funding costs as a potential bekween the NPL stock and lending
rates. The results indicate that a higher stockeif NPLs comes along with higher
lending rates. Although the NPL stock also affdmsks’ idiosyncratic funding costs,
the latter do not seem to constitute the main bekween the NPL stock and lending
rates. The strength of the pass-through from maekes to lending rates barely seems
to be affected by the stock of NPLs.
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1 Introduction

The stock of non-performing loans (NPLSs) in theoearea banking system has rapidly
increased since the financial crisis. One conjecturthis context is that a high stock of
NPLs held by banks might impair the transmissiommoinetary policy or the banking
system’s contribution to economic recovery (eg AiyBergthaler, Garrido, llyina,
Jobst, Kang, Kovtun, Liu, Monaghan and Moretti.120Praet, 2016; Council of the
European Commission, 2017; Demertzis and Lehma@ih7;2European Commission,
2017). The rise of the NPL stock occurred in thatest of two major crises: the
financial crisis that peaked in 2008 and 2009 dmedsibvereign debt crisis that roughly
stretched from 2010 to 2012. At the same time,BEbmsystem cut policy rates (with
the exception of a short intermezzo in 2011 whenMRO-rate was slightly increased)
to unprecedented low levels and implemented a nunabenon-standard policy
measures. It was widely perceived that — at leaissdéme time — the transmission of
those monetary policy measures to bank lendingsrdid not go smoothly in all
countries of the euro area (ECB, 2013). Again biaickdrop, the present paper aims at
assessing the impact of NPLs on the pricing of $oby banks and their role in the
transmission of monetary policy.

Arguably the most obvious way in which NPLs migFeet the lending behaviour of
banks is through losses caused by loan loss resbargks hold against the NPL stock.
Raising these reserves leads — via the profit asd btatement — to a reduction in
capital. However, if this was the only channel r¢hehould not be any impact of NPLs
on lending behaviour once the capital positiorakeh into account. In this case, a high
NPL stock should not constitute a problem if cdmétion was sufficient and reducing
the stock would not be vital from a monetary polpsrspective. Empirical results in
several papers suggest that NPLs indeed affecingrxkhaviour apart from the drain
on bank capital that banks disclose as there resmaineffect of NPLs after taking
capital into account (see Peek and Rosengren, 1H8¥nez, Ongena, Peydré and
Saurina, 2012; Hernando and Villanueva, 2014; A#zzi, Nobili and Signoretti,
2016; Burlon, Fantino, Nobili and Sene, 2016), @lifjh at least one contribution
(Accornero, Alessandri, Carpinelli and SorrentiB017) reaches a different conclusion.

The present paper sheds more light on how thiseétgfaNPLs on lending behaviour in
the euro area — in particular lending rates — @axXplained, although precisely pinning
down the relevant channel(s) is difficult. There aeveral potential channels through
which NPLs might affect the lending behaviour dfaak.



First, a bank might adjust its lending behaviouicase of a high stock of NPLs, if it
expects further losses from this stock in the ®ituvhich are not yet incorporated in the
amount of capital it discloses. Hence, NPLs mighat donsidered an indicator for
“anticipated falls in capital” (Hernando and Villaeva, 2014). In this caseet NPLs
(gross NPL net of loan loss reserves) should bevaglt, as they signal the amount of
loans which will potentially not or only partly hmid back and for which no reserves
have been set aside yet. A condition for this ckhno be relevant is an impact of
capital on lending decisions. Otherwise, falls mpital, whether disclosed or only
anticipated, would be irrelevant. Empirical evidensuggests that capital restricted
banks might be more reluctant when it comes totgrg@mew loans when considering
quantity effects, although there seems to be sam&aversy on how strong the impact
is (see Peek and Rosengren, 1997; Gambacorta astculMli 2004; Watanabe, 2007,
Berrospide and Edge, 2010; Gambacorta and Shirg; 20ithelangeli and Sette, 2016;
papers dealing with capital restrictions stemmiran tighter regulatory requirements
are Mésonnier and Monks, 2015; Gropp, Mosk, OngamhWix, 2016; Kanngiesser,
Martin, Maurin, Moccero, 2017). A similar picturenerges when considering price
effects (Gambacorta and Mistrulli, 2014; Burlon,ntao, Nobili and Sene 2016;
Michelangeli and Sette, 2016), although the resarsnot clear-cut in all cases (Holton
and Rodriguez d’Acri, 2015). In general, actuaiwadl as anticipated falls in capital
should influence lending behaviour if capital coastts are binding or banks expect
them to become binding in the future. In such aasibn, banks should be more
reluctant to grant new loans, especially if theg aonstrained or reluctant in raising
new equity (which would only leave deleveragingaasoption to improve the capital
position). On the other hand, it is also possilblat tbanks engage in “gambling for
resurrection” and shift the composition of theiaoportfolio towards riskier borrowers.
Such a behaviour might also entail higher lendiags which however were not the
result of credit supply restrictions but of the leg average risk of the loan portfolio
which in turn is reflected in higher risk premia.

Second, a further channel through whigdt NPLs can affect lending behaviour runs
through the funding cost of banks. If investorssidar a high stock of net NPLs as an
indicator for future losses and falls in bank calpithey should demand higher risk
premia when providing funds to the respective barttose risk premia should most
likely become visible in the cost of market fundirag retail-depositors are generally
protected by a deposit insurance scheme. Highatirigncosts would affect lending

behaviour if they were a least partly passed-thindogoorrowers.

Third, a high stock ofNPLs might be perceived as a bad signal by investath regard
to the quality of the bank’s management and helsmeta future bank profitability. This



in turn might induce investors to demand highek psemia. Note, that in this context
not only net NPLs but also loan loss reserves shbelrelevant, whereby it is not clear
per se, whether the former or the latter is moneartant.

Fourth, the stock ofNPLs or loan loss reserves might affect the ris&rémce of banks
and might be relevant due to an “institutional meyhoa term coined by Berger and
Udell (2004). According to the institutional memonypothesis, banks ease lending
policies the more the longer their last credit bdastes back. Hence, banks should be
comparatively strict if they are in the midst otbua bust. Again, not only net NPLs,
but also loan loss reserves and hence gross NRidshe relevant. Berger and Udell
(2004) focus on loan loss reserves in their emgifiovestigation.

Finally, it has to be kept in mind that a positre¢ationship between bank lending rates
and the stock of NPLs might also be driven by tiwagiant credit risk or other
characteristics of the pool of borrowers the respecbank is granting loans to
(Accornero et al., 2017)If credit risk for this pool of borrowers increasat some
point in time, one would expect an increase in NBhd reserves and at the same time
an increase in lending rates if the increase imnlicmesk is properly reflected in the
lending rate charged by the bank.

Overall, the first and second channel work exclelsithrough the stock afet NPLs,
whereas the third and fourth channel can work ftiinoboth, net NPLs and loan loss
reserves. The first two channels, in which only hNRLs are relevant, describe
situations in which a potential effect of the NRbck should vanish once the NPLs are
removed from the bank balance sheets — assumimghali influencing factors are held
constant. The third and fourth channel describheasiins, in which those effects are not
likely to vanish in such a case.

From a monetary policy perspective, the questiorchvbf those channels is at work is
important in order to evaluate the NPL problem goadential desirable remedies. If
NPLs affect lending rates in a way as describethbyfirst channel — i.e. banks restrict
their lending or gamble for resurrection due taapated further losses stemming from
the net NPL stock — it might be desirable to urgaks to take these anticipated losses
right away and to immediately rebuild their capjpakition if necessary and possible —
this might be referred to as “cleaning up bankdahee sheets”. It has to be kept in
mind that cleaning up banks’ balance sheets isartask of monetary policy. However,
if the impact of the anticipated falls in capitains primarily through higher funding

% Systematic differences in the riskiness of therdwer pool that are time invariant can be captungd
bank fixed effects. Likewise, variations of thekimess of borrowers at the country level can bewegd
by time-country fixed effects.



costs as described in the second channel, it dmildeakened through a decline in risk
premia triggered by large scale assets purchasesenetary policy tool. On the other
hand, if a high stock of NPLs is considered as raticator of bad management by
investors (third channel) or if the “institutionaemory” was at work (fourth channel),
there would be no remedy to weaken the impact dfd\#h lending rates immediately.
The impact of a credit bust on the “institutionaémory” would rather automatically
recede as time passes by. Finally, if higher lemdates charged by banks with a higher
stock of NPLs simply mirrored the fact that thesaks mainly deal with customers that
are particularly risky at a given point in timeetlending rate surcharge would even be
desirable, as it simply implies that banks pricedaor risk adequately.

In order to figure out, which of the above mentidrehannels of NPLs’ impact on
lending rates is relevant, the present paper espl@riation on the bank-level using
data referring to euro-area banks. Macroecononutoifa are considered to be given,
which implies that potential feedback effects oé tNPL stock of single banks on
macroeconomic variables or lending rates of otlakb are neglected. Hence, caution
is warranted when drawing conclusions based onethdts of this paper that go beyond
how banks set lending rates in comparison to tb@&inpetitors given macroeconomic
conditions in a country. Imagine for instance ttie high NPL stock of some banks
induces them to raise lending rates. Other banl, & low NPL stock then might
experience an increase in loan demand (assumimndotita demand faced by one bank
depends inter alia positively on lending ratesbyedther banks) and increase their rates
as well. What the analysis in this paper can idgratre the remaining differences in
lending rates between high- and low-NPL banks lmitthe effects of NPLs that also
show up in lending rates of low-NPL banks.

On the other hand, effects of NPLs that show ughfierences between lending rates of
banks with a high NPL stock and those of banks witlow NPL stock can be more
credibly detected, simply because macroeconomicditons can be explicitly
controlled for! Amongst others, the present paper relies on bewi-data on lending
rates (IMIR-dataset) and balance sheet items (tB$aset) collected by the
Eurosystem, which has already been used in otbdrest to investigate the interest rate
pass-through and the determinants of lending ratethe euro area (Holton and
Rodriguez d’Acri, 2015; Albertazzi, Nobili and Swgyetti, 2016; Altavilla, Canova and
Ciccarelli, 2016a; Altavilla, Pagano and Simon&l16b; Camba-Mendez, Durré and
Mongelli, 2016; de Haan, Vermeulen and van der Ed,6; Holton and McCann,

* Of course, this only holds for the component ofcrnaconomic variables which is the same for all
banks operating in a given country.



2016). Some of these studies also focus on theangfa\NPLs or loan loss reserves on
lending rates (Holton and Rodriguez d’Acri, 2013béytazzi et al., 2016; Altavilla et
al., 2016a; Holton and McCann, 2016) and reporeféect on the level of lending rates
when capital is taken into account (Albertazzilet2016), on the pass-through of non-
standard policy measures (Altavilla et al., 2018adl on the interest rate differential
between small- and large scale loans (Holton an€ana, 2016), which is used as a
proxy for the difference between lending rates gbdron loans to SMEs and on loans
to large enterprises. Taking those studies intoowt; there remain the following
contributions of the present paper:

1) It assesses, whether the potential impact of NRL$ending rates is driven at
least to some extent by higher funding costs okbamith a high NPL stock
which are then passed on to their customers.

2) It attempts to disentangle the effects of net NRbsl loan loss reserves by
splitting up gross NPLs into those two variabled aonsidering them jointly.
This should give some indications which of the aldescribed channels might
be relevant.

3) It investigates whether a relation between NPLs landing rates — controlling
for capital — can be found if yearly data is usBae motivation in using data of
a lower frequency stems from the fact, that infdfora on NPLs and
(regulatory) capital are only available on a ye&rdguency for most banks. The
obvious drawback of this approach is that the migniilequency of the IMIR
dataset is not fully exploited.

The results indicate that there is a relativelyusibpositive association between net
NPLs and lending rates. Loan loss reserves tendffeet this positive association

according to the results of some specificationserwlan average ratio of loan loss
reserves over gross NPLs (coverage ratio) is predeHence, results are ambiguous
with regard to the question whether an increas@anh NPLs affects lending rates

notwithstanding the development of loan loss resemr only in cases in which the
parallel increase in loan loss reserves is ingefiic Funding costs do not seem to be
the main driver of the effects of NPLs on lendiages. These empirical results are in
line with the first channel described above, acomydo which banks adjust their

lending behaviour in the light of further anticipdtlosses stemming from the stock of
net NPLs. It is however unclear, whether an inaeasiet NPLs leads to an increase in
these anticipated losses in general or only inasevhich loan loss reserves are not
adjusted accordingly. This result is compatiblehvat situation in which banks restrict
lending by charging higher interest rates but alsth a gambling for resurrection



behaviour which implies that banks with a high M™NRL stock switch to riskier
borrowers which allow for charging higher credgkrispreads. The available data does
not allow for a clear distinction in this contextiedto the lack of borrower related
information.

2 Relevant Literature

There are contributions which consider the impdcNBLs or loan loss reserves on
lending rates and the interest rate pass-througimgeon the same euro area wide bank-
level data set (IBSI/ IMIR) as the empirical arsadyin this paper. These contributions
however do no consider net NPLs and loan loss veseseparately. The IBSI / IMIR
data is merged with bank-level balance sheet dakarf from the IBSI dataset or from
commercial data, namely Bankscope and SNL). Ud8%j I IMIR data, Albertazzi et
al. (2016) find an impact of NPLs on lending rai@sp after capital (Tierl ratio), bank
fixed effects and month-country fixed effects aeen into account. The results suggest
that this impact comes in the form of a higher marbkn lending rates, and is largely
independent from the monetary policy stance, whetéb latter is measured via the
MRO rate (to capture standard policy measures)véandhe spread between a shadow
rate and the MRO rate (to capture unconventionaletary policy measures). Hence, a
higher stock of NPLs seems to entail higher lendatgs, while the responsiveness of
lending rates to monetary policy measures remaatiser unaffected. This holds for
both, standard and non-standard monetary policysurea. The authors report a low
correlation between capital and NPLs in their sangilus controlling for capital does
not affect the results with regard to NPLs muchailla et al. (2016a) use IMIR-data
in a VAR model framework. The VAR model includead@g, deposit and bank bond
rates (for those banks for which bond rates areiladta) along with several
macroeconomic variables. The VAR is estimated stpbrfor each bank, hence bank-
specific responses to monetary policy shocks atairmdd. It turns out that impulse
responses calculated for a sample of banks witglaMPL stock by the end of 2007 do
not systematically differ from those calculated éosample of banks with a low NPL
stock when standard policy measures are considéretreaction is more pronounced
for high NPL banks compared to low NPL banks ind¢hse of non-standard measures.
Holton and Rodriguez d’Acri (2015) focus on theerof bank-specific variables — the
capital ratio and loan loss provisions being twotltdm — on the interest rate pass-
through in a single panel error correction framewibiat includes bank fixed effects. In
order to do so, the authors interact right-han@-dahding and market rate variables



one-by-one with different bank-level variables. &lear picture emerges with regard to
the impact of loan loss provisions on the interat pass-through.

Other papers indicate that NPLs might affect a satdnding policy after controlling
for bank capital, using more granular loan- or stdgtbank-level data, which also
allows controlling for borrower side effects butréstricted to a single country. In their
seminal paper, Jiménez, Ongena, Peydré and Sg@fid) use Spanish credit register
data in order to identify the balance-sheet chaohelonetary policy. The data not only
contains information on granted loans but also ejected loan applications. This
setting enables the authors to analyse the detentsirof whether a loan is granted or
not, controlling for all potential borrower siddesfts via firm-month or even loan fixed
effects. While the authors focus on the existericelmalance sheet channel of monetary
policy (captured by the coefficient related to mtion terms for the change in money
market rates on the one hand and bank capital ¢ liguidity on the other hand) the
estimation also includes the doubtful loans rasi@aontrol variable. In some but not in
all benchmark specifications the authors report@ative impact of this control variable
on the probability of granting a loan, while thepital ratio is controlled for. Burlon et
al. (2016) assess the role of NPLs (Bad Loans)aamital for credit rationing using
loan-level data from the Italian credit registeheTauthors estimate the prevalence of
credit rationing by simultaneously estimating a dedh supply and a loan margin
function on the single-loan level. In order to diagle supply and demand, exclusion
restrictions, defining variables that affect eitk&clusively demand or supply, are used.
The benchmark results indicate that the loan masgicalculated as the difference
between the interest rate on loans and EONIA -eas®s with a higher share of Bad
Loans while controlling for Tier 1 capital whictsé@lf has a negative impact on the loan
margin. At the same time, credit supply is neg&yiadéfected by the share of bad loans,
again while controlling for Tier 1 capital whichdha positive effect. Another important
contribution comes from Hernando and Villanueval@®0 The authors use Spanish
data on the bank-industry level in order to assiessmpact of current and anticipated
changes in bank capital on lending growth. The @stlargue that an increase in NPL-
ratio is a suitable indicator for anticipated fafisbank capital but not for instantaneous
falls due to peculiarities in Spanish regulationkéd to the system of “dynamic
provisioning”. Both, the growth of bank capital aofiINPLs between 2008 and 2009
are instrumented via the exposure to real estatel@@ment right before the beginning
of the housing boom (1995-1997) and the interactibthis variable with the average
change in house prices in the provinces the baekatgs in. The instrument variable
regressions reveal a negative impact of the chamiy’Ls on lending growth while the
change in Tier 1 capital has a positive impactti@nother hand, based on Italian credit



register data, Accornero et al. (2017) find that ittlnpact of the NPL stock on lending
growth vanishes, as soon as borrower characterigtie properly taken into account by
means of time-borrower fixed effects. What the argHind is a negative impact of the
exogenous emergence of new NPLs on lending growtiereby provisions and
changes in NPL-ratios triggered by the asset quaditiew in 2014 are used as a source
of exogenous variation. The authors argue that suciNPL shock is similar to an
exogenous shock to capitalization, liquidity or faedility. Their findings imply, that
there are no effects of the NPL stock on bank legdhat go beyond losses connected
to this stock that have already been taken andlegady captured in the capital level.

Taken together, the insights of the research dsstlisbove suggest that there might
indeed be an impact of NPLs on bank lending in gdnand on lending rates in
particular even if bank capital is accounted fdthaugh empirical results do not
unanimously point in that direction. Studies basedthe IMIR-dataset for the whole
euro area rather suggest that this impact take$othe of a markup on rates that are
closely connected to the monetary policy stancegreds — at least in the case of
standard monetary policy measures — the NPL stoeés shot seem to have a strong
influence on the responsiveness of lending ratesaoetary policy measures.

Turning to the impact of NPLs on banks’ funding tsp8abihuga and Spaltro (2014)
fail to find an impact of loan loss provisions omnmginal unsecured wholesale funding
costs of banks in the euro area. The latter amilzded as the sum of the five-year CDS
and the three-month LIBOR, according to the metboggest by Button, Pezzini and
Rossiter (2010). The estimated error correction ehadptures both, short- and long-
term effects. However, higher loan loss provisi@asne along with higher funding
costs in the US, the UK and in the Nordic countrgaliay and Maurin (2015) look at
actual bank bond coupon rates paid by EU banksy irietude flows of provisions as
well as loan loss reserves into the constructiom ohicro factor. This factor affects
coupon rates in some but not in all specifications.

The pass-through of bank-specific costs of markatling on lending rates in the euro
area is assessed by Camba-Mendez et al. (2016)pwnyp IMIR-data along with
yield-to-maturity data for highly liquid bonds. Thesults suggest that higher costs of
market funding imply a decline in bond issuancedsueed as the probability to issue
bonds in a given month) which in turn leads to kiglending and deposit rates. Taken
together, higher bond rates imply higher lendingsaln the theoretical model, which
Camba-Mendez et al. (2016) use as underpinninghr empirical investigation, the
cost of bond financing is considered to be exogeremd determines the amount of
bonds issued which affects lending and deposisratarimohan, McLeay and Young



(2016) use bank-level data for the UK to invesegahether idiosyncratic changes in
the costs of market funding are passed througéndihg and deposit rates in a different
way than a general change in market rates thattaftbe funding costs of all banks.
They find that while a change in costs of markeitding that affects all banks similarly
— captured by a change in swap rates — is passedgth completely in the long run, the
pass-through is weaker in the case of an idiosyiecchange in funding costs —
captured by bank-specific CDS-premia or unsecumtk bbond spreads. The authors
explain this finding by the impact of competitiamhich leads to a loss in market share
once a bank tries to pass idiosyncratic increasdsnding costs on to their customers
or to the opportunity to increase the spread betwerding rates and funding costs in
the case of an idiosyncratic decline. Accordingheir theoretical model, the authors
assume that costs or market funding are exogenayggn from the single bank’s
perspective (banks are price takers in this markdtgreas lending and deposit rates are
set by the bank (under certain conditions) indepatiyl.

Summarizing the evidence of the papers on bankifspéending costs and its pass-
through, bank-specific characteristics are unssiqgly an important determinant of
bank-specific risk premia, however there is norceeadence, how important NPLs are
in this context. Furthermore, the literature suggdsat costs or market funding can in
general be considered to be exogenous from théesbank’s point of view, whereas
deposit rates are endogenous in the sense thas paskess a certain market power for
this funding source and can hence use the detsits a strategic variable in order to
maximise utility or profits. This is in line withhé idea of Button et al. (2010),
according to which the treasury acts like a “bamlaibank” (Cadamagnani, Harimohan
and Tangri, 2015) and provides funds to the lending at a rate equal to the cost of
market funding and remunerates deposits providethbydeposit unit with the same
rate. The consequence is that the marginal casteoliending unit which is relevant for
setting lending rates is equal to the cost of nmtdikeding?®

3 Dataand descriptive analyses

The empirical analysis in this paper relies onétpencipal data sources: the IMIR-data
collected by the Eurosystem, data from the comrakdata sources Bankscope (BS) /

® See also Freixas and Rochet (2008, p. 79) foirteievance of deposit rates for lending rates unde
certain conditions with regard to the bank’s casiction.



ORBIS Bank Foctsand SNL as well as data from the CSDB, which $® alollected
by the Eurosystem.

The IMIR / IBSI-dataset contains individual bank<é information on lending and
deposit rates and volumes (IMIR) and on balancestsiems (IBSI) of around 250
euro-area banks, which include head institutiondssliaries and branches. These
banks and branches constitute a sub-sample ofir@iaea banks that report MIR- and
BSI-data to their respective national central baifke IMIR- / IBSI- data are available
at a monthly frequency from July 2007 onwards. They (like the MIR- and BSI-
datasets) based on the concept of unconsolidatiedhdeasheets, which implies that
loans granted by subsidiaries are not assignethdiv tespective parent institutions.
Furthermore, loans granted by foreign branchesnateassigned either. Thus, data
collection follows the “host principle”, according which only offices within the
respective national territory should report (Eul@peCentral Bank and European
Banking Authority, 2012). In the context of theMIR-data, banks are supposed to take
all deposits and loans that have been granted twr customers resident in the euro
area into account. This implies that for instanbe average interest rate on loans
reported by a German bank is not necessarily eixelysbased on loans to German
customers but also on loans to customers residenbther euro-area countries.
However, due to the “host principle” it seems piblgsto assume that the volume of
loans to the latter group of customers should beerasmall. The present paper focuses
on interest rates on loans to non-financial corpama (NFCs) and new lending
business.

BS and SNL constitute commercial data sources dhatfed from publicly available
bank reports. These data sources contain informatmoregulatory capital, RWAs, the
stock of NPL$, the stock of loan loss reserves and on a mutitidfurther balance
sheet and profit and loss positions. It is impdrtannote that BS- and SNL-data refer
mainly to consolidated balance sheets (althougbrimdtion referring to unconsolidated

® Bankscope changed its name to ,ORBIS Bank Focysthb beginning of 2017. In what follows, the
data source is still referred to as “BS”, as thénnpart of the data was retrieved before 2017.

"It has to be noted that BS and SNL provide infdfomeon the stock of gross NPLs and the stock afilo
loss reserves. In what follows, the stock of netLbiRvill be calculated as the difference between the
former and the latter. The stock of net NPLs caltad this way systematically underestimates thaahct
stock as not all loan loss reserves are held agalifks (and thus the amount deducted from grosssNPL
to determine net NPLs is too high). However, thaslseems to be small as only a small share of loan
loss reserves is held against performing loans. Eteopean Banking Authority (2016) reports the
coverage ratio of NPLs based on specific loan teserves (hence only those reserves explicithgassi

to NPLs) for the period between 2014 and 2016 tcatmnd 43 % for the entire European Union,
whereas the coverage ratio in the sample underlgimgirical investigations in this paper based dn al
loan loss reserves is only slightly higher for ttilee period at 46 %. Furthermore one might ardnae t
general reserves that have not been assignedpec#is loan yet might also be considered as arvese
against losses stemming from NPLs.
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balance sheets is available for several banks)atide highest level of consolidation,
whereas IMIR- and IBSI-data refer to single bankisi¢h might themselves be part of a
banking group). Given this data structure, IMIRedate merged to BS- and SNL-data
stemming from the consolidated balance sheet ofbdngking group the respective
single bank captured in the IMIR-dataset belongJtus, the data structure is such that
several IMIR single banks might belong to the sd@®e/ SNL banking group.The
underlying assumption is that characteristics ef éntire banking groups are relevant
for lending decisions of the single bank. De Haad wan Lelyveld (2010) provide
evidence in favour of this assumption. Table 1 ginere information on the number of
head banks and subsidiaries / branches in the sataén from IMIR-data used for
further analysis as well as on the group parewoi® fiBS / SNL. It also shows how many
banks and banking group from vulnerable countri@¥, (ES, GR, IE, IT, PT and SI)
and non-vulnerable countries (all other countre®) included in the sample. Annex |
explains in more detail, how BS- and SNL-data hasen brought together.

The third dataset employed in this paper is theti@bsed Securities Database (CSDB)
of the Eurosystem. This database contains infoonadn all securities that are either
issued or held by euro-area entities or that an®iénated in Euro on a monthly basis
since April 2009. The CSDB data is used to traeketolution of market-funding costs
on the bank-level. Therefore, information on theumans and yields to maturity
(YTMs) for debt instruments without embedded opdi@md with a fixed interest rate
and a fixed maturity are collected on a monthlyivashen, for each instrument for
each month, the spread over the OIS-rate, whoszerafe period is closest to the
original or residual maturity, is calculated. Thgead is consolidated on the bank-year
level over all available bonds. Two different sgpieare calculated: The first spread is
based on YTMs of all bonds for which information ¥mMs is available at a certain
point in time (YTM spread). This spread can be usid®d as a measure of how costly
— relative to the risk-free rate — funding at aegivnonth was if the bank issued a bond
with the same characteristics as those for whiehMiiM is observed (YTM funding
costs). The second spread is based on funding sostscertain month based on the
coupons of bonds that were actually issued inrtfosth (actual funding-cost spread or
AFC-spread). Both AFC- and YTM spread are compubeded on bonds of all

8 Strictly speaking, not all BS / SNL units neceigarelong to banking groups. The BS /SNL datasets
also contain information on single banks that adependent and do not form part of a banking group.
However, for the sake of simplicity, in what follevBS / SNL units are referred to as “banking gréups
The data structure is similar to the one in Méseniind Monks (2015). For non-independent single
banks it was verified that the single bank was phthe respective banking group over the entirede
period. If it became part of the banking group raftee beginning of the sample period, the obsenati
referring to the part of the sample period, in ishicwas actually not part of the banking group, yetre
removed.
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maturities and are calculated as an average oVenatlrities (YTM spread, AFC-
spread) or are normalized to capture the fundirsgscior bonds with a maturity from 1-
5 years (YTM spread_1-5, AFC-spread_1-5). Theycaleulated at the parent company
level and are subsequently merged to the respetim&ing group. More information
on the calculation of the AFC- and YTM spreads banfound in Annex Il. As the
YTM spread is available for more observationss iised in the benchmark regressions,
whereas the AFC-spread is employed in robustnessksh

As can be seen from Table 1, the analysis is basegkarly data. Yearly values from

the IMIR-dataset are aggregates of the monthlyesabf the respective year, weighted
with new lending volumes. The reason for using lofkequency data is the focus of the
present paper on the impact of NPLs on lendingsrder many banks, information on

NPLs is available on an annual frequency only. dagaset covers the period from 2010
to 2016. The number of observations in Table 1rsefe those observations that are
effectively included in the estimations describadthe next section. As some of the
estimations require up to two lags of the dependantble, observations from 2008
and 2009 drop out from the sample (the first felay, for which IMIR-data is available

is 2008).

Table 1: Number of observations

Single Banks (IMIR units) Banking Groups

! Parent SUb Non- ! Non-

' sidiaries Vulner- ' Vul-
Total | Com- vulner- Total | vulner-

! ; / Bran- able** ' nerable

| panies able* | able***

2010 81! 45 36! 48 33 57| 35 22
2011 99 52 47| 60 39 65| 40 25
2012 115i 62 53i 66 49 73i 45 28
2013 121i 64 57i 73 48 77! 49 28
2014 123; 63 60; 79 44 755 50 25
2015 127: 65 62; 80 47 76i 50 26
2016 119! 60 59! 77 42 69, 48 21

Cross-Sections (N) 145! 76 69! 91 54 90! 58 32

Total observations| 7851 411 3741 483 302 492 317 175
(sum 2010-2016) i | |

*Non-vulnerable countries include: AT, BE, DE, EE, Fl, FR, LT, LU, LV, MT, NL and SK;

**\/ulnerable countries include: CY, ES, GR, IE, IT, PT and SI

*** Non-vulnerable countries plus DK, GB and SE

Table 2 explains the main variables used in thelh@ark regressions, Table 3 displays
number of observations and of imputed values (iegbaiccording to the methodologies
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described in the Annexes | and Il), means and stahdeviations (for all countries as
well as for non-vulnerable and vulnerable countgeparately). As can be seen from
Table 3, lending rates are on average higher inerable compared to non-vulnerable
countries. The same is true for the NPL-ratio, whsrthe Tier 1 ratio, the liquidity ratio
and the ROA are higher in non-vulnerable countrilse high number of imputed
values for the liquidity ratio is mainly due to tfect, that this variable is available in
BS but not in SNL for several banks in non-vulnésatountries. Outlier values were
set to missing, whereby first differences of vaeabhave been considered to define
outliers. This is due to the fact that the effettoatliers in levels will be largely
eliminated in the estimations described below duthé usage of fixed effects of first
differences. An outlier is defined as a value ie first difference of the respective
variable below twice the value of the first perdiendr above twice the value of the"d9
percentile of the distribution of the difference.
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Table 2: Description of variablesin benchmark regressions

Data Source /
Level of data

Variable Name collection Description
Rate_all NFC IMR / Average interest rate charged by the bank for
Sinlge Bank  [loans to NFCs (excluding overdrafts)
Gross_NPL_TA(-1) [SNL,BS/ Gross NPLs / Total assets in % (1 Lag)

Net NPL_TA (-1)

LL_Res_TA(-1)

Tierl Ratio (-1)

Lig_Ratio (-1)

ROA (-1)

YTM_Spread

YTM_Spread_1 5

AFC_Spread

AFC_Spread 1 5

Banking Group

SNL, BS/
Banking Group

SNL, BS/
Banking Group

SNL, BS/
Banking Group

SNL, BS/
Banking Group

SNL, BS/
Banking Group

CSDB/
Banking Group

CSDB/
Banking Group

CsSDB/
Banking Group

CSDB/
Banking Group

(Gross NPLs - loan loss reserves) / total assets
in % (1 Lag)

Loan loss reserves /total assets in % (1 Lag)

Regulatory Tier 1 capital over risk weighted
assets in % (1 Lag)

Liquid assets (cash, loans to banks, securities)
over liabilities in % (1 Lag)

Return on assets in % (1 Lag)

Spread of yield to maturity over corresponding
OIS-swap rate in PP

Spread of yield to maturity over corresponding
OIS-swap rate in PP, bonds with residual
maturity of 1-5 years.

Spread of actual funding costs over
corresponding OIS-swap rate in PP

Spread of actual funding costs over

corresponding OIS-swap rate in PP, bonds with
original maturity of 1-5 years.
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Table 3: Basic Descriptive Statistics

N _Obs N Obs | Mean Mean Mean | SD****
all all Imp* all NV** AV all SDNV - SDV
Rate_all_ NFC 785 0 2.56 2.18 3.17 1.16 0.77 1.39
Gross_NPL_TA(-1) 492 13 5.48 2.89 10.17 6.35 3.01 7.21
Net_NPL_TA (-1) 492 16 3.30 1.77 5.89 4.24 2.43 4.75
LL_Res_TA(-1) 492 4 218 112 428 236 084 274
Tierl_Ratio (-1) 492 4( 1212 13.07 10.72 4.02 3.75 241
Lig_Ratio (-1) 492 97 3424 38.81 2799 14.11 14.18 9.28
ROA(-1) 492 27 0.05 0.25 -0.33 0.86 0.29 1.24
YTM_Spread 492 0 1.87 1.24 2.80 1.49 0.74 1.59
YTM Spread_1 5 492 70 1.80 1.12 2.82 161 0.73 1.80

*N_Obs all Imp gives the number of values that have been imputed according to the
methodology described in Annexes | and Il included in the number of total observations
** NV stands for Non-vulnerable countries, including the non euro-area countries;

*** \/ stands for Vulnerable Countries

****SD stands for Standard Deviation

Figure 1 gives a first impression on the relatietween the lending-rate spread and the
stock of gross NPLs. It shows the mean lending pateyear for banks with an NPL
stock below and for banks with an NPL stock abdvesample median in the respective
year. The figure suggests that a higher stock ofNiA general is linked to higher
lending rates. However, this difference becomey omdible after 2010. In a similar
vein, Figure 2 looks at the relation between theMy§pread (for bonds with a residual
maturity of 1-5 years) and the NPL stock. Agairerehseems to be a relation between
both variables in the sense that a higher sto®¥Rifs comes along with higher funding
costs. Again, the difference is smallest in 2010.

Both figures suggest that NPLs became relevantherpricing of loans and funding
costs with the start of the sovereign debt cridswever, it should be kept in mind that
both figures do not control for other bank-speaifianacroeconomic factors that might
be correlated to the NPL stock and at the same tinwe funding costs and lending
rates. Particularly macroeconomic factors, suckaagreign spreads, might have been
important during the sovereign debt crisis in dostext and will be taken into account
in the econometric analysis which is describedhertext section.
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Figure1l: Lendingratesand gross NPLs
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Figure2: YTM spreadsand grossNPLs
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4 Empirical Approach

The empirical approach basically consists of thenadion of models based on three
different equations, which are described in ddialbw. Estimations based on the first
equation are meant to assess, whether there listmmnebetween lending rates and NPLs
at all. Funding costs are not considered at thigesas the question whether they drive a

16



potential impact is not yet addressed. Estimatioased on the second equation are
supposed to reveal whether NPLs affect fundingscastis is a prerequisite for funding
costs being a driver of a potential relation betwé&nding rates and NPLs. Finally,
estimations based on the third equation show whetk@icitly controlling for funding
costs affects the coefficient describing the retatoetween lending rates and NPLs. If
this relation was substantially weakened by thé&usion of funding costs and there was
an impact of funding costs on lending rates atséwme time, one could conclude that
funding costs are the main link between lendinggand NPLs.

Accordingly, two different dependent variables ased throughout the analysis. The
lending rate for newly granted loans to NFCs seagslependent variable for models
based on the first and third equation. In pringif\#°Ls can be supposed to affect
lending rates in all loan categories. The reasoffcocusing on one particular category is
to ensure a certain homogeneity of the loans thdig rates refer to. Furthermore,
capital requirements for NFC loans tend to be highan for the other principal loan

category — loans to private households for househaises. Hence, if the stock of NPLs
is relevant for lending decisions because it isndicator for future losses and potential
capital shortages, the effect is more likely tovghup in lending rates on loans to NFCs.
The second dependent variable is the YTM spread;hwik used in models based on
the second equation.

Models with the lending rate as dependent variaée estimated on the single-bank
level and include single-bank fixed effects, wherezodels with the YTM spread are
estimated on the banking group level and includeking group fixed effects.
Furthermore, year-country fixed effects are inctlide some models. Those can be
understood as a control for all country specifid éime invariant (over the course of a
year) macroeconomic effects that might drive crdéiinand (see also Albertazzi et al.,
2016; Holton and McCann, 2016) or bank funding oModels in which the year-
country fixed effects are replaced by a set of m@@onomic variables, along with pure
time fixed effects are estimated as well. Althodlgh focus of the analysis is not on the
effects of those macroeconomic variables and yeantcy fixed effects implicitly
capture all those effects, estimating this mod#élsgems warranted. The reason is that
year-country fixed effects soak up a lot of degreebeedom and that tests for model
specification tend to deliver unreliable result$his situation (see below).

In the first equation, the lending rate serves gggeddent variable. Year-country fixed
effects or macroeconomic variables refer to thentrguin which the respective single
bank is operating, which is not necessarily idettwith the home country of the
respective banking group. In order to account fiieknces in average interest fixation
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periods for new loans in the sample, the averapedast rate fixation period is included

in levels together with higher degree polynomiadtee effect might be non-linear. To

account for the fact that several single banks mighassigned to the same banking
group, the errors are clustered at the bankingmteuvel. Taking all together, the first

equation is:

LRi,t = al,i + alLRt_l + BlINPL_Intj't_l + YI,xj't_l + Tlmc(l‘)'t + ellirfi't + gi,t

1)

Here,LR is the lending rate for new loans to non-financalporations Rate_all_NFC.
The vector NPL_Int contains the variable(s) of interest, either thariable
Gross_NPL_TA or the variables Net NPL_TA and LL_RA. Splitting up the NPL
variable in net NPLs and loan loss reserves is meareveal further information with
regard to which of the channels described in Sectionight be relevant. However, it
has to be stressed that disentangling the effdatetoNPLs and loan loss reserves is
complicated by the fact that both variables arehlyigcorrelated. Besides the NPL
variable(s) in levelsNPL_Int also contains interactions of the NPL variable(gjhva
risk-free market rate (1-year OIS-rate). This ceggua segment of the term structure
that should be more relevant for bank loans thamata that more directly captures
monetary policy decisions like EONIA. Hence, thesgpéhrough of monetary policy
actions to longer term risk-free rates like theekyOIS-rate is considered to be given
and not explicitly modelled.

The vectorx includes further control variables (most importaie Tier 1 ratio)m is

a vector including either year-country fixed effecr time fixed effects and a set of
macroeconomic variables. Finaliyf is a vector containing the average interest rate
fixation’ in levels, squared and cub&dnde is the error term, which is clustered on the

° The interest fixation period cannot be inferredatly from the IMIR-data. Its approximation is bdse
on information on new business volumes in diffeiaterest rate fixation period ranges — up to Iryg¢a

5 years, over 5 years — and on assumptions onveage fixation period within each range. Here,
averages of 0.25 years (3 months), 3 years an&a® yare assumed. These estimates are argualdy rath
ad-hoc, but are supported by data available fro@2th, which contains information on the volumes in
more granular ranges — up to 3 months, 3 monthgeat, 1-3 years, 3-5 years, 5-10 years, over absye
On the euro-area level, the volume is much highé¢hé range up to 3 month compared to the 3 mohth -
year range, whereas volumes are rather similangnlt3 years range and the 3-5 years range asawell
in the 5-10 years and the over 10 year range.

1 The intention to use squared and cubed terms é®ntrol for all potential effects of the intereate
fixation, including non-linear ones. It seems wateal to properly control for these effects as titerest
rate fixation is very heterogenous over the sanaple is at the same time likely to heavily influence
lending rates.
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level of the respective banking group. Furthermores, a single bank indicator, a
banking group indicator, captures the year arai) stands for the home country of
single bank. The parameters anddé; as well as those included #, y1, 71 and#, are to
be estimated, therelay is the bank fixed effect.

The second equation is on the banking group lemdl @an be written in a similar
fashion as Equation (1) as:

YTMS]’L- =aq; + GZYTMSj‘t_l + ﬁZINPL]"t_l + yz'x]-,t_l + ToMejy e + 02,mat]"t +
Ejt (2)

YTMSstands for the YTM spread, the vecMPL contains — contrary tPL_Int —no
interactions of the NPL variable(s) with other neirkates (henc®&PL is in fact a
scalar if gross NPLs are considered). The vegtatr contains the residual maturity in
levels, squared and cubed. As the maturity carcitjrdoe controlled for, the actual
funding costs instead of those normalized to bomitls a maturity from 1-5 years are
used in this equation. All remaining variables amtices are defined as in Equation (1)
(note that bank fixed effects and time-country dixafects or macroeconomic variables
now refer to the home country of the banking grpup

To figure out to what extent a potential impactN#Ls on the lending-rate spread runs
through the YTM spread, the YTM spread is addedEd¢mation (1) as explanatory
variable which leads to Equation (3). In this equmgtthe normalized spread capturing
funding costs for bonds with a maturity from 1-&ggis used in order to ensure that the
funding cost variable is comparable between alkban

LRi,t = a3,l- + 63LRt_1 + ﬂg'NPL_Int]-,t_l + pYTMS_AT't_]._Sj’t + Y3’x]"t_1 +
T3Meye + 03'irfi + ¢ (3)

Note that the YTM spread is not lagged in this Eque This is due to the fact that
Equations (1) and (2) imply that NPLs affect ba#imding rates as well as AFC- or
YTM spreads with a lag. Hence, the effect of NPhsending rates through the AFC-
or YTM spread is captured by the contemporaneolise\a this variable. As discussed
in Section 2, it seems valid to consider costs afkat funding to be exogenous with
regard to lending rates. The extent to which thadiing costs capture the impact of
NPLs on lending rates is assessed by compgiiagdss.
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Equations (1), (2) and (3) are estimated usingrdmary fixed effects estimator. In one
version, the dependent lagged variable is omitted () in the other version it is
included (FE_2) as stated in Equations (1), (2) @)dIncluding the lagged dependent
variable is preferable, but excluding it still hiés merits as it allows assessing how
sensitive the empirical results react on dynamids tlee dependent variable.
Furthermore, due to the potential dynamic paned,litze equations are estimated using
the system-GMM estimator based on Arellano and Bd®1), Arellano and Bover
(1995) and Blundell and Bond (1998). Two versiohthe system-GMM estimator are
considered (in what follows: SysGMM1 and SysGMM&Jfirst version in which only
the lagged endogenous variable is instrumented aaisgcond version in which all
banking group specific variables (i.e. those inelidn NPL / NPL_Int and x) are
instrumented. Although potential endogeneity consewith regard to the banking-
group specific variables are already taken intamant by considering the lags of those
variables in Equations (1)-(3), these variablessétenot necessarily strictly exogenous
and are potentially correlated with bank-speciiixed effects, hence instrumenting
them might still be warranted. The fact that thpedelent variable is on the single-bank
level whereas the bank-specific variables are enbédinking-group level in Equations
(1) and (3) only mitigates endogeneity concerns teery limited extent as in many
cases either single bank and banking group aredh® or the single bank constitutes
an important part of the banking group. Howeverthes system-GMM estimators are
known to be very sensitive to the model specifaat({for instance the number and
definition of instruments), estimating standardetixeffects models still has its merits.

5 Results

5.1 Benchmark results

Table 4 shows the results of estimating Equatignaih the gross NPL variable. The
results in the left panel suggest that a higheckstf gross NPLs is associated with
higher lending rates in all estimations in whiclaryeountry fixed effects are used. For
the SysGMM_2 specification, the interaction termttiarmore indicates that a higher
stock of NPLs is associated with a more pronourmask-through of changes in the
1-year OlS-rate to lending rates. The coefficieatated to all remaining banking-group
specific variables are insignificant. The p-valwe the Hansen statistic points at the
difficulty that emerges when year-country fixedeets are included: the number of
instruments (which includes the year-county fixéféas that instrument themselves) is
high which leads to an upward-bias in the p-vaReddman, 2009). In fact, the value
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1.0 clearly indicates that the Hansen statistizkhoot be trusted: By and large these
results confirm the findings of other studies bagedMIR data discussed in Section 2,
according to which a high stock of NPLs entailsighlar markup for the lending rates,
whereas the interest rate pass through seems rathffected.

In order to better assess the instrument validityhe system-GMM estimations, all
estimations are repeated replacing year-countedfisffects by time fixed effects and a
set of macroeconomic variables. As can be seen fhenresults in the right panel of
Table 4, this strongly reduces the number of ims&uts. The sample size somewhat
decreases due to the fact, that government borehdgrare not available for all
countries in all years. The relation between gidBds and lending rates practically
disappears for this specification and turns evegnificantly negative for the
SysGMM_2 estimation. The Hansen test rejects th#é dluvalid instruments for
specification SysGMM 1 but not for SysGMM_2. Thigght be due to a violation of
the assumption of independence between bankingagspacific variables and single-
bank fixed effects?

1 This pronounced bias seems surprising, giventtieahumber of cross sections still exceeds the eamb
of instruments. However, it should be kept in mthdt the sample is unbalanced, the number of cross
sections, for which observations are availablesfgary year, is only 64. Instruments have been psdd

and reduced to four lags in SysGMM _2 in order ttupe the number of instruments.

12 However, if difference GMM is used which does iratlude the level equation and is based on the
difference equation (in which single bank fixedeeté vanish) only, the Hansen statistic does not
improve.
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Table 4: Impact of gross NPLson lending rates (Equation 1)

Dependent variable: Lending rate (loans to NFCs)

FE1 FE2 S S | ppq ppp  SYS O SKS
GMM_1 GMM_2 GMM_1 GMM_2
LendingRate (-1) 0.343 =+ 0.536 »* 0.562 0.429 =+ 0.553 =+ 0.812 »~
Gross_NPL_TA(-1) 0.037 =~ 0.026 = 0.035 = 0.038 =+| 0.009  -0.002 0.009 -0.030 =
Gross_NPL_TA(-1)*OIS|-0.013  -0.008 0.009 0.036 = |-0.006  -0.012 0.000 -0.017
Tierl_Ratio (-1) -0.003  -0.004 0.002 0.012 0.005 -0.001 -0.015+* -0.033 *
Lig_Ratio (-1) 0.010 0.008 0.001 -0.005 [-0.005 -0.004 -0.004 = -0.022 *
ROA (-1) -0.005 -0.012 0.009 -0.010 (-0.019 -0.029 -0.021 -0.065
GDP_growth 0.045 = 0.021 = 0.003 0.001
Unemployment Rate 0.101 = 0.046 + 0.020 = 0.004
GovBond_Spread 0.114 = 0.104 == 0.079 = 0.048 ==
Inflation 0.070 0.123 = 0.138 = 0.128 *~
# Observations 778 778 778 778 725 725 725 725
# Cross Sectional Units 145 145 145 145 132 132 132 132
# Instruments 119 136 54 44
P_Hansen 1.0000 1.0000 0.0362 0.1849
P_AR2 0.8208 0.8988 0.8325 0.925
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for IR-Fixation Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only LendingRate(-1) instrumented, instruments collapsed
SysGMM_2: All banking-group specific variables instrumented,

instruments collapsed, only lags 2-5 used as instruments
Standard errors clustered on banking group (j) level

Table 5 shows the results for the estimation ofdfiga (1) when gross NPLs are split
into net NPLs and loan loss reserves. The resnltthe left panel indicate that the
positive relation between gross NPLs and lenditgsravhich has been found in Table 4
when year-country fixed effects are used is driszgmet NPLs and not by loan loss
reserves. In the case of SysGMM 2, results eveitatel that a higher stock of loan
loss reserves comes along with lower lending radesvever, it should be noted that the
correlation between net NPLs and reserves is highdorrelation coefficient is around
0.80). In such a case, the impact of both variabigght be unstable and change reverse
if the sample is slightly altered. Against this kgound, Annex Ill documents how the
coefficients related to net NPLs and loan lossriesevary if some banking groups are
randomly removed from the sample. The results isf éiercise are shown for models
FE_2 and SysGMM_2 (for the sake of facility of iaspon, the results for FE_1 and
SysGMM_1 are not shown, however they are in linthwie findings for FE_2 and
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SysGMM_2) and indicate no pronounced instabilityc{s as abrupt reversals of signs
of coefficients). The speed of the pass-througiOt8-rates to lending rates does not
seem to be affected by net NPLs or loan loss reseaecording to the results for three
of the four models. Only in SysGMM _1 the respectogefficients are statistically
significant, indicating that Net NPLs weaken thegpthrough down, whereas loan loss
reserves intensify it.

Considering the models that replace year-counksdfieffects by year fixed effects and
macroeconomic variables in the right panel, it suwut that the positive relation
between net NPLs and lending rates prevails foreilsoBE_1, FE_2 and SysGMM_1.
However, contrary to the results in the left pamegults suggest that higher loan loss
reserves come along with lower lending rates. phisern is different for SysGMM_2,
here the coefficient related to net NPLs — whiclhis highest of all models in the left
panel — drops to a value close to zero. Furthermibwe coefficient referring to the
interaction of net NPLs and OIS-rate is signifi¢gmegative also for FE_2. Again,
results do not seem to be overly sensitive to aitamns of the underlying sample (cf.
Annex III).

Overall, there seems to be a rather stable positlegion between net NPLs and
lending rates, whereas the relation between loas leserves and lending rates is not
clear-cut. What is striking is the fact that in faawt of eight cases (Sys_ GMM2 with
country-year fixed effects; FE_1, FE 2 and Sys GMMith macroeconomic
variables) the point estimate for the coefficieglaiting to the loan loss reserves variable
is of a similar magnitude as the coefficient relgtio the net NPL variable but with a
reversed sign (although not significantly differér@m zero in all cases). This implies
that the effect of both variables on lending rabéfsets each other if both variables
increase (the same holds of course for a decrégseughly the same amount. This is
indeed the case for a bank that sees its stockrassgNPLs increasing and covers
roughly half of that increase by loan loss reser@sgen that the average coverage ratio
(ratio of loan loss reserves over gross NPLs)Herdample is around 45 %, this is close
to what an average bank would do. Consequentlynvdomsidering gross NPLs (cf.
Table 4) no significant impact can be detectedséséh the exception of Sys_ GMM2
with country-year fixed effects).

The picture described above by and large previailse effects of the net NPL and loan
loss reserves level variables and their respedtiteractions with the OIS-rate are
combined (this is done by fixing the OIS-rate atsample mean). The results of this
exercise are shown graphically in Annex VI.
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Table5: Impact of net NPLsand loan lossreserves on lending rates (Equation 1)

Dependent variable: Lending rate (loans to NFCs)

Sys Sys Sys Sys
FE_1 FE 2 GMM_1 GMM_2 FE_1 FE 2 GMM_1 GMM_2
Lending-Rate (-1) 0.340 = 0.526 =+ 0.606 *=* 0.424 = 0.537 = 0.761 ==
Net_NPL_TA(-1) 0.070 = 0.051 = 0.058 =+ 0.158 =+ 0.063 =~ 0.044 * 0.040 = 0.025
LL_Res_TA(-1) -0.017 -0.010 0.003 -0.145+ [-0.060 -0.062* -0.035 -0.082
Net_NPL_TA(-1)*OIS |-0.017 -0.014 -0.031+ -0.026 [-0.044 -0.040+* -0.053 =+ 0.000
LL_Res_TA(-1)*OIS -0.039 -0.011 0.101 =~ 0.029 0.057 0.029 0.100 = -0.054
Tierl Ratio (-1) -0.002 -0.004 0.002 0.011 0.004 -0.001 -0.016 = -0.036 =
Lig_Ratio (-1) 0.008 0.007 0.002 -0.007 [-0.004 -0.004 -0.004* -0.017 =~
ROA (-1) -0.014 -0.016 0.005 -0.044 |[-0.025 -0.035 -0.027 -0.064
GDP_growth 0.046 = 0.022 = 0.001 -0.001
Unemployment Rate 0.101 = 0.046 ~ 0.023 = 0.009
GovBond_Spread 0.119 =+ 0.108 =+ 0.078 =+ 0.045 *
Inflation 0.069 0.122 = 0.136 =+ 0.151 ==
# Observations 778 778 778 778 725 725 725 725
# Cross Sectional Units 145 145 145 145 132 132 132 132
# Instruments 121 146 56 54
P_Hansen 1.0000 1.0000 0.0336 0.2491
P_AR2 0.8391 0.8604 0.8158 0.8335
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for IR-Fixation Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only LendingRate(-1) instrumented, instruments collapsed
SysGMM_2: All banking-group specific variables instrumented,

instruments collapsed, only lags 2-5 used as instruments
Standard errors clustered on banking group (j) level
*** %% and * indicates statistical significance at the 1%-, 5%-, and 10%-level
Next, the relation between NPLs and funding costsassessed as described by
Equation (2). As outlined in the introduction, stpossible that a high stock of NPLs is
perceived by investors’ as a signal of future lessefor a bad bank management. The
estimations of Equation (2) are run on the bankjra4p level. In order to increase the
size of the sample, additional banking groups, Wwhace not in the baseline sample
described in Section 3, have been included. Th®ssible, as information from banks,

which are not part of the IMIR / IBSI can be ussdrell '3

The results in Table 6 suggest a positive relabetween gross NPLs on the YTM
spread. The coefficients related to the remainiagking-group specific variables are
not significantly different from zero, with the eeqtion of the liquidity variable. Higher

liquidity seems to come along with higher fundirgsts, which is somewhat at odds

13 The results of the estimation based on a sampteated to IMIR / IBSI banks are shown in Sectbn
that assesses the robustness of the estimates.
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with what one would in general expect as more tihanks should be less risky from a
bank creditor's perspective. However, this resuftgght be driven by assets like
sovereign bonds, which are considered to be ligqudording to the definition used
here, but might have also been considered as @esatfirrisk by investors especially
during the sovereign debt crisis. Contrary to thsecof Equation (1), the results barely
depend on whether year-country fixed effects ofepyear fixed effects along with
macroeconomic variables are usédhe Hansen test cannot reject the Null of valid
instruments for both System-GMM regressions for tiadels with year fixed effects
and macroeconomic variables. When year-countrydfedéects are used, the bias of the
statistic discussed above prevails.

4 Contrary to the case of Equation (1), the samjde i larger in the case of Equation (2) when
macroeconomic variables along with year fixed dffénstead of year-country fixed effects are ineldid
into the model. In the case of year-country fixé@as, year-country cells are only kept if at letvgo
observations fall into that cell, which is not ttese when macroeconomic variables are used. Thwis, t
sample size can also increase when macroeconoméabhes are used, namely if the effect of including
observations from year country cells with only ooleservation outweighs the effect of excluding
observations with missing values for macroeconoraitables.
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Table 6: Impact of grossNPLson YTM spread (Equation 2)

Dependent variable: Yield-to-maturity (YTM)_Spread

FE1 FE2 O SYS | pg 1 pE2 S Sys
~ - GMM_ 1 GMM_2 - -~ GMM_ 1 GMM_2
YTM-Spread (-1) 0.269 = 0.904 ~ 0.808 = 0.240 =+ 0.669 = 0.624 *
Gross_NPL_TA(-1) 0.094 =+ 0.087 = 0.023 = 0.057 =+ 0.075= 0.071= 0.021 = 0.050 =
Tierl_Ratio (-1) 0.007 0.003 0.002 0.016 |[-0.007 -0.012 -0.002 -0.026
Lig_Ratio (-1) 0.022+ 0.020 = 0.004 = 0.001 | 0.010 0.011 0.002 0.023
ROA (-1) -0.076 -0.050 -0.004 -0.058 [-0.086 -0.064 -0.061 -0.014
GDP_growth -0.071 = -0.059 = -0.001 -0.023
Unemployment Rate 0.079 0.047 0.014  0.003
GovBond_Spread 0.269 = 0.240 = 0.112 = 0.156 =
Inflation 0.135  0.212» 0.348 = 0.343 ==
# Observations 603 603 603 603 613 613 613 613
# Cross Sectional Units 123 123 123 123 126 126 126 126
# Instruments 84 98 44 38
P_Hansen 1.0000 0.6133 0.1387 0.1263
P_AR2 0.7699  0.838 0.9879 0.9614
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for Maturity Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only YTM-Spread (-1) instrumented, instruments collapsed
SysGMM_2: All banking-group specific variables instrumented,

instruments collapsed, only lags 2-5 used as instruments
Robust Standard errors
**x *x gand * indicates statistical significance at the 1%-, 5%-, and 10%-level
Splitting gross NPLs into net NPLs and loan losserees in Table 7 reveals that the
positive relation between NPLs and funding cosenseto be driven mainly by loan
loss reserves, although the results are somewHhaigaous for SysGMM_2 when year-
country fixed effects are used. This is the opposftwhat was found for Equation (1).
Hence investors seem to be less concerned witmipatéuture losses stemming from
the net NPL stock but rather with the losses tlaakhalready been taken and might be
an indicator for management quality. Furthermorenéx IV reveals that the results in

Table 7 for FE_2 and SysGMM _ 2 are relatively roliasdlterations of the sample.
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Table 7: Impact of net NPLsand loan lossreserveson YTM spread (Equation 2)

Dependent variable: Yield-to-maturity (YTM)_Spread

Sys Sys Sys Sys
FE1 FE 2 GMM_1 GMM_2 FE_1 FE 2 GMM_1 GMM_2
YTM-Spread (-1) 0.257 =+ 0.887 =+ 0.789 *~ 0.225 =+ 0.672 = 0.640 *~
Net_NPL_TA(-1) -0.015 -0.014 -0.004 0.044 |-0.092 = -0.089 = -0.025 -0.015
LL_Res_TA(-1) 0.266 =+ 0.246 =~ 0.106 = 0.080 0.328 =+ 0.314 =+ 0.133 == 0.153 *
Tierl_Ratio (-1) 0.001 -0.001 0.003 0.022 |-0.010 -0.014 -0.001 -0.021
Lig_Ratio (-1) 0.015 0.014 0.003 -0.003 0.003 0.003 0.001 0.020
ROA (-1) -0.074 -0.050 -0.001 -0.065 |[-0.074 -0.055 -0.042 -0.021
GDP_growth -0.082 = -0.070 =~ 0.001 -0.014
Unemployment Rate 0.086 0.056 0.002 -0.005
GovBond_Spread 0.286 =+ 0.258 =+ 0.113 = 0.158 *
Inflation 0.098 0.172 = 0.365 = 0.374 *~
# Observations 603 603 603 603 613 613 613 613
# Cross Sectional Units 123 123 123 123 126 126 126 126
# Instruments 85 103 45 43
P_Hansen 1.0000 0.3470 0.1220 0.1217
P_AR2 0.751 0.8408 0.9989 0.916
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for Maturity Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only YTM-Spread (-1) instrumented, instruments collapsed

SysGMM_2: All banking-group specific variables instrumented,
instruments collapsed, only lags 2-5 used as instruments

Robust Standard errors

*** %% and * indicates statistical significance at the 1%-, 5%-, and 10%-level

Finally, Table 8 shows the results of estimatingi&opn (3). As can be seen from the
table, including the YTM spread variable does notnge the results with regard to
NPLs much. Although the coefficients in the lefinphreferring to the system-GMM
regressions are somewhat smaller compared to theesponding estimation of
Equation (1) without the YTM spread (see Tableofg can conclude that the impact of
NPLs on lending rates does not primarily run thitobiggher funding costs. This is not
surprising considering that the impact of the YTptesad on lending rates is small and
not statistically significant in most cases. Istsongest for the system-GMM estimates
along with year fixed effects and macroeconomicaldes. This implies, that the pass
through of the bank’s idiosyncratic funding cosinpmnent (the component that affects
all banks in a country is captured by the year-tgqurfixed effects or the
macroeconomic variables) to lending rates is vanitéd. The pass through of risk
premia of the sovereign — which is an importantstiluent of bank’s funding costs
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according to the results in Table 6 and Table $ stionger than that of bank-specific
premia®® This is in line with the findings of Harimohan @it (2016) for the UK who
find that the pass through of changes in banks’ @Bnia to lending rates is more
complete when the change in CDS-premia occurslftmaaks. The consequence is that
the extent to which banks’ lending rates are adfgddy their marginal funding costs
(which are, according to Button et al., 2011 theKksacost of market funding) depends
inter alia on the extent to which their marginatding costs are driven by idiosyncratic
factors. However, it is possible that the impacthef sovereign spread on lending rates
goes beyond its impact via the common componebanks’ funding costs. Even if the
sovereign spread did not affect the funding costsanks at all, there might still be an
impact on lending rates. One reason is that from blanks’ perspective, higher
sovereign spreads imply higher returns to investsetiner than loans.

15 At this point it has to be kept in mind that femse single banks in the sample the home counttgenf
single bank itself and the banking group it belotigdo not coincide. This is the case for around®56f
the single bank observations. For those obsenatide misleading to think of the sovereign spraad
component of the funding costs. However, the efééthe sovereign spread also outweighs the eéfect
the YTM-spread in three out of four specificatioftise effects are practically equal for Sys GMM2)
when the estimation is modified such that thisrimtetation seems legitimate: either by removingigin
banks from the sample that belong to a bankingmtbat is not located in the same country or bypgsi
the sovereign spread on the level of the bankiogmrcountry, not the single bank country.

28



Table 8: Impact of gross NPLson lending rates, controlling for YTM_Spread

(Equation 3)

Dependent variable: Lending rate (loans to NFCs)

FE1 FE2 S SYS | rE1 2 NS Sys
- ~— GMM 1 GMM_2 - - GMM 1 GMM_2
LendingRate (-1) 0.343 =+ 0.540 =+ 0.559 == 0.433 =+ 0.544 =« 0.772 =
Gross_NPL_TA(-1) 0.037 = 0.026 =+ 0.028 »* 0.026 | 0.007 -0.003 0.004 -0.028 *
Gross_NPL_TA(-1)*OIS|-0.013  -0.007 0.005 0.020 |-0.005 -0.011 0.001 -0.019
Tierl Ratio (-1) -0.004 -0.005 -0.006 -0.010 0.005 -0.001 -0.014* -0.034 =
Lig_Ratio (-1) 0.010 0.008 0.001 -0.001 (-0.004 -0.002 -0.003* -0.018 =
ROA (-1) -0.001 -0.008 -0.003 -0.012 |-0.013 -0.022 -0.028 -0.057
YTM_Spread 0.017 0.014 0.031 0.025 0.036 0.047 0.064 = 0.040 *
GDP_growth 0.046 =~ 0.022 = 0.008 0.003
Unemployment Rate 0.094 = 0.036 0.014 = 0.001
GovBond_Spread 0.113 = 0.102 =+ 0.084 = 0.060
Inflation 0.062 0.112 = 0.101 = 0.097 =
# Observations 778 778 778 778 725 725 725 725
# Cross Sectional Units 145 145 145 145 132 132 132 132
# Instruments 120 137 55 45
P_Hansen 1.0000 1.0000 0.0615 0.1359
P_AR2 0.7814 0.8029 0.8535 0.9234
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for IR-Fixation Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only LendingRate(-1) instrumented, instruments collapsed

SysGMM_2: All banking-group specific variables except YTM_Spread

instrumented, instruments collapsed, only lags 2-5 used as instruments
Standard errors clustered on banking group (j) level
*** %% and * indicates statistical significance at the 1%-, 5%-, and 10%-level

The results of estimating Equation (3) when groBi&Nare split up into net NPLs and
loan loss reserves are shown in Table 9. Againydkalts do not change qualitatively
compared to the corresponding estimation of Eqoafly (see Table 5). Only for

SysGMM_2 some noticeable changes in the coeffisieah be observed. According to
Annex V (Figure 11 and Figure 14) the results ibl&2® for FE_2 and SysGMM_2 are

robust to alterations of the sample. Figures
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Table 9: Impact of net NPLsand loan loss reserves on lending rates, controlling for
YTM spread (Equation 3)

Dependent variable: Lending rate (loans to NFCs)

Sys Sys Sys Sys
FE_1 FE 2 GMM_1 GMM_2 FE_1 FE 2 GMM_1 GMM_2
Lending-Rate (-1) 0.340 =~ 0.532 =+ 0.565 = 0.427 =~ 0.529 == 0.740
Net_NPL_TA(-1) 0.071 = 0.051 = 0.054 = 0.099 =] 0.062 = 0.042* 0.034 = -0.012
LL_Res_TA(-1) -0.020 -0.012 -0.014 -0.075 |[-0.062 -0.064+* -0.042* -0.037
Net_NPL_TA(-1)*OIS |-0.016 -0.014 -0.029 = 0.000 [-0.043 -0.038* -0.046 = 0.004
LL_Res_TA(-1)*OIS -0.039 -0.011 0.076 * -0.004 0.056 0.028 0.089 = -0.044
Tierl Ratio (-1) -0.002 -0.004 -0.006 -0.008 0.005 -0.001 -0.015* -0.036 *
Lig_Ratio (-1) 0.009 0.008 0.002 0.000 |-0.003 -0.002 -0.003 -0.014 =
ROA (-1) -0.008 -0.012 -0.008 -0.029 |[-0.020 -0.028 -0.030 -0.061
YTM_Spread 0.020 0.017 0.038 ~ 0.028 0.035 0.046 0.069 = 0.043 =
GDP_growth 0.046 = 0.022 = 0.006 0.004
Unemployment Rate 0.094 = 0.037 0.016 = 0.004
GovBond_Spread 0.117 = 0.106 = 0.082 = 0.060 *
Inflation 0.061 0.112 = 0.099 = 0.108 ==
# Observations 778 778 778 778 725 725 725 725
# Cross Sectional Units 145 145 145 145 132 132 132 132
# Instruments 122 147 57 55
P_Hansen 1.0000 1.0000 0.0537 0.2374
P_AR2 0.7746 0.7369 0.8285 0.8725
Year FE No No No No Yes Yes Yes Yes
Year*Country FE Yes Yes Yes Yes No No No No
Controls for IR-Fixation Yes Yes Yes Yes Yes Yes Yes Yes

SysGMM_1: Only LendingRate(-1) instrumented, instruments collapsed

SysGMM_2: All banking-group specific variables except YTM_Spread
instrumented, instruments collapsed, only lags 2-5 used as instruments

Standard errors clustered on banking group (j) level

**x *x gand * indicates statistical significance at the 1%-, 5%-, and 10%-level

To sum up, the results presented in this sectiersamewhat ambiguous with regard to
the relation between lending rates and gross NRIten year-country fixed effects are
used there is a relatively robust positive relatioetween both variables. When
macroeconomic effects are captured by a set of seaonomic variables instead, this
relation disappears. Splitting gross NPLs intoMEts and loan loss reserves reveals a
rather robust positive relationship between net lRhd lending rates. The effect of
loan loss reserves in turn varies over the diffesgpecifications. Whereas some results
indicate a negligible effect, others suggest thahlloss reserves offset the impact of net
NPLs as long as the coverage ratio is kept clostnéosample average. Anyway, it
should be kept in mind that net NPLs and loan hesgrves are highly correlated and
results that include both variables might hencenghaif additional observations are
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added, although they prove robust to alterationhi@fsample the analyses in this paper
are based on. The costs of market funding — capbtoyehe spread of bond returns over
a risk-free rate — only have a minor impact on rilation between lending rates and
NPLs, although NPLs seem to affect funding costsweéier, the impact of funding
costs on lending rates is too small for fundingt€ds be the main link between NPLs
and lending rates.

5.2 Sub-categories of NFC-loans

This subsection sheds more light on whether thatiogls between lending rates and
NPLs described above differ if lending rates refgyrto different loan sub-categories

are used. The estimations are based on EquatioAg3}iscussed above, the inclusion
of the funding cost variable does not alter thevesion results much. However, taking

the funding costs into account seems reasonalidedier to avoid any omitted variable

problem, hence using Equation (3) as the startimigtfor robustness checks seems
preferable to using Equation (1).

Table 10 shows the results when only lending retesmall-scale loans (volume up to
1 Mio Euros), large-scale loans (volume above 1 Hiwos), loans with short interest
fixation (up to one year) and with long interestation (above one year) are considered
consecutively. The table displays the estimatorstlie coefficients referring to the
gross NPL variable, for their interaction with {B¢5-rate as well as the estimators from
the model in which the NPL variable is split, nayntie coefficients referring to net
NPLs, reserves and their interactions with the @8- Furthermore, the table displays
the results for all four different models (FE_1, PESysGMM_1 and SysGMM _2) for
both, the specifications with year-country fixefkeefs and those with year fixed effects
along with macroeconomic variables. As can be demm the first two panels, the
association between gross NPLs and lending ratedher similar for small- and large-
scale loans. This is somewhat surprising, as Hadtash McCann (2016) find that the
spread between small- and large-scale loans teaserwith rising NPL-levels. Given
this finding, one would have expected rates forlsstale loans to be more sensitive to
the NPL stock. The effect of net NPLs is even ma@nounced in the case of large-
scale loans. This is also true for loan loss ressewith the reversed sign.

The third and fourth panels of Table 10 show trseilts of estimating Equation (3) for
loans with short and long interest rate fixatioor Ehe former type of loans, the market
rate for the calculation of the interaction ternas been adjusted to the shorter fixation:
the 3-month OlIS-rate instead of the 1-year ratesid. The relation between gross
NPLs and lending rates is stronger for loans withger interest rate fixation when
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year-country fixed effects are used. It is pradiyczero for both loan types when year-
country fixed effects are replaced by year fixek&b and macroeconomic variables.
The positive effect of net NPLs on lending ratebjol has been documented in the
benchmark regressions, completely vanishes. Edjyeicidhe case of loans with longer
fixations, the positive effect of gross NPLs is tteipd by loans loss reserves when the
gross NPL variable is split. Thus, a positive aggan between net NPLs and lending
rates can be found for lending rates pooled oventarest rate fixations, but this effect
vanishes when different fixation periods are comsd separately. These results cast
some doubt on how well the effect of net NPLs avahlloss reserves, which are highly
correlated, can be disentangled.
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Table 10: Resultsfor estimation of Equation (3) with alter native dependent

variables
Only loans with volume < 1 Mio. Euro
Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL _ LL Res_
Modell TA(-1) TA(-1D)*OIS TA(-1) TA(-1) TA-D*OIS  TA(-1)*OISs
Year*country FE N= 778
FE 1 0.024 * -0.013 0.017 0.029 -0.006 -0.031
FE 2 0.016 * -0.014 0.014 0.012 -0.006 -0.043
SysGMM_1 0.026 * -0.003 0.042 » -0.005 -0.012 0.002
SysGMM 2 0.011 0.019 0.049 -0.028 0.015 -0.006
Macro variables N= 725
FE 1 0.004 -0.015 0.019 -0.003 -0.042 0.057
FE 2 -0.010 -0.022 = 0.015 -0.042 -0.039 = 0.005
SysGMM _1 0.009 0.001 0.030 -0.027 -0.023 * 0.040

SiSGMM 2 -0.043 * -0.024 -0.013 -0.041 -0.005 -0.030

Only loans with volume > 1 Mio. Euro

Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA (-1) TA(-1)*OIS TA(-1) TA(-1) TA-D)*OIS  TA(-1)*OIS
Year*country FE N= 778
FE 1 0.020 ** -0.014 0.078 == -0.070 * -0.026 -0.036
FE 2 0.018 -0.008 0.064 = -0.050 -0.024 -0.003
SysGMM 1 0.024 w= 0.009 0.052 w -0.024 -0.020 0.063
SysGMM 2 0.020 0.022 0.103 = -0.096 0.004 -0.025
Macro variables N= 725
FE 1 -0.008 -0.007 0.062 * -0.098 * -0.053 * 0.067
FE 2 -0.010 -0.011 0.045 * -0.078 * -0.051 * 0.059
SysGMM 1 0.000 0.000 0.035 *= -0.055 * -0.044 + 0.079 *
SysGMM 2 -0.021 -0.009 0.002 -0.040 -0.003 -0.015
Only loans with interest rate fixation < 1 year (OIS rate 3M)
Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA (-1) TA(-1D)*OIS TA(-1) TA(-1) TA-D*OIS  TA(-1D*OIS
Year*country FE N= 772
FE 1 0.021 * -0.019 0.003 0.049 -0.015 -0.011
FE 2 0.015 -0.020 0.001 0.037 -0.016 -0.019
SysGMM 1 0.025 »= -0.007 0.041 = -0.007 -0.020 0.005
SysGMM 2 0.027 * 0.028 0.064 -0.005 -0.011 0.076
Macro variables N= 719
FE 1 -0.002 -0.011 0.020 -0.009 -0.059 = 0.116
FE 2 -0.013 -0.021 0.015 -0.039 -0.058 * 0.063
SysGMM_1 0.004 0.003 0.028 -0.034 -0.040 * 0.080 **
SysGMM 2 -0.019 -0.003 0.040 -0.066 -0.051 0.096
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Table 10 continued

Only loans with interest rate fixation > 1 year

Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA(-1) TA(-1D)*OIS TA(-1) TA(-1) TA-D)*OIS  TA(-1)*OIS
Year*country FE N= 657
FE_1 0.047 -0.019 0.034 0.047 0.002 -0.084
FE_2 0.044 -0.016 0.031 0.048 0.001 -0.066
SysGMM_1 0.030 * -0.010 0.007 0.077 = -0.020 0.035
SysGMM 2 0.035 * -0.001 0.026 0.066 0.015 -0.017
Macro variables N= 631
FE_1 -0.002 -0.019 0.011 -0.004 -0.052 0.071
FE_2 -0.007 -0.014 0.007 -0.009 -0.051 0.081
SysGMM_1 0.018 0.006 0.019 0.034 -0.076 = 0.209 *
SysGMM 2 0.002 0.015 -0.064 0.136 * -0.012 0.183
6 Robustness

This section presents results of some alternatpecifications of the estimations

discussed in Section 5 as well as results basegksiricted samples. The alternative
specifications are again all based on EquationH@thermore, the section also contains
some robustness checks for Equation (2). Tablehbivs the results of estimating

several variations of Equation (3). The first pamebtates the results from the
benchmark model in the previous section for corsece. The structure of the table is
the same as in Subsection 5.2.

The first robustness check takes a more direct uneasf credit risk faced by the
respective IMIR single bankinto account in order to figure out to what extéms
positive relation between NPLs and lending ratedrigen by time varying riskiness of
the borrowers the bank is lending to. For this oeake loan loss provisions (lagged by
one period as all the other banking group spee#icables) from the profit and loss
statement on the level of the single bardce added to the estimation. This variable is
meant to capture the time varying component ofctteelit risk of the bank borrowers
which is not captured by bank fixed effects. Thelusion of this variable entails a
reduction in sample size as the additional variableot available for all single banks
(in fact it is never available when the IMIR sindglanki is a foreign branch). However,
the results are qualitatively similar to those fréime benchmark specification which
indicates that time varying credit risk is not thmin driver of the positive relation
between NPLs and lending rates.
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Next, the dependent variable is altered. Insteatheflending rate as reported by the
banks, the spread over an OlIS-rate is used. Therityahe OIS-rate refers to is bank-
specific and is selected according to the averatgrast rate fixation period of the
newly granted loans to NFCs in the respective yAarcan be seen, the alternative
dependent variable leads to changes of the caaiticiin the SysGMM_2 model with
split NPL variable when year-country fixed effeate used. A part of the positive effect
of the gross NPL variable is now captured by lazss Ireserves instead of the net NPL
variable. At the same time, the coefficient relatedhe interaction of reserves and the
OlS-rate strongly increases. This finding points atcertain instability of the
SysGMM_2 model.

The next three specifications consecutively reptata assets in the denominator of the
NPL variable(s) and the reserves variable by risighted assets (RWA), the regulatory
Tier 1 ratio by the leverage ratio (equity accogdia the balance sheet divided by total
assets) and finally the YTM spread by the AFC-sprésee Annex Il for a detailed

explanation of the difference). In a nutshell, BgsGMM_2 model again delivers

estimates for gross and net NPLs that differ in eorases considerably from the
benchmark model. Furthermore, the relation betwasnNPLs and the lending rate
according to the FE_2 model tends to be weaker whaoroeconomic variables are
used.

Table 12 shows the results of estimating Equat8)nMhen the sample is restricted to
observations that fulfil certain criteria. The sedgpanel shows the results when the
sample is restricted to banks for which the bankjraupj is located either in Cyprus,
Greece, Italy, Portugal or Spain. All these cowstrivere severely hit by the sovereign
debt crisis and exhibited a negative average GDWthrover the sample period, with
the exception of Spain where GDP ngrowth was diighdsitive. The rationale behind
this approach is that the development of NPL stackihese countries is likely to be
dominated by flows generated by performing loams thrned to non-performing and to
a lesser extent by other factors like write-offipiels. As can be seen from the results in
Table 12, the coefficient related to the gross N#id net NPL variables tends to
become more positive in these estimations compéwethe benchmark regression
(shown again for convenience in the top panel eftdble) and the offsetting effect of
loan loss reserves gets less pronounced. Howeaation is warranted as the sample
size considerably shrinks.

The third panel of the table shows results that geeerated when the sample is
restricted to single banks that operate in the ggumhich is also the home country of
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the banking group they belongfbln this case one might argue that year-countrgdfix
effects not only capture macroeconomic factorslioliog credit demand) but also
NPL-definitions that differ between countries angeiotime as the respective country
refers to the home country of the single ba@dnd at the same time also to the home
country of the banking groypwhich constitutes the level on which NPL are niead.

It is well known that NPL-definitions differed stigly between different countries and
also over timé’ The results show that the coefficients relatedjimss NPLs in the
fixed effects regressions are somewhat smaller eoadpto the benchmark model and
not statistically significant any more, which mighiso be due to the smaller sample.
The coefficients related to the net NPL variable i@latively similar to those resulting
from the estimations of the benchmark model. Furtioee it is noteworthy that
restricting the sample this way leads to the onktance (FE_1 and FE_2 and year-
country fixed effects) when the coefficient relatedthe interaction between loan loss
reserves and OlIS-rate is significantly negative.

By and large, the robustness checks indicate hiatdsults from the benchmark model
shown in the previous section are relatively robastthe general pattern of the
coefficients of interest is rather similar: these a positive and significant relation
between gross NPLs and lending rates when yeartgotired effects are used. This
relation vanishes when time-country fixed effecte aeplaced by macroeconomic
variables and time fixed effects. The interactictween gross NPLs and OIlS-rate
barely seems to be relevant. When gross NPLs diteirgp net NPLs and loan loss
reserves, the relation between net NPLs and lengitgg is positive and significant in
the models with year-country fixed effects, there however some exceptions in the
case of SysGMM_2. In the case of macroeconomi@lbes and time fixed effects the
picture is more mixed: in the benchmark regresstbege is a positive and significant
association between net NPLs and lending ratespéxoethe case of SysGMM_2
whereas loan loss reserves seem to largely ofisepositive association. This picture
also emerges for some, but not for all alternatypecifications. The interactions
between net NPLs respectively loan loss reservesQis-rates deliver — as in the
benchmark regressions — some tentative evidenca ¥egaker pass-through of market
rates to lending rates coming along with a higheclsof net NPLs and a stronger pass-
through coming along with a higher stock of loassleeserves. This tentative evidence
can also be found for some of the alternative $igations.

'8 This criterion is obviously also met for indepentsingle banks that do not belong to a bankingigro
" A harmonized definition on the European level vrstsoduced in 2015. Before this harmonization,
definitions differed across European countries (feeeexample Barisitz 2013). This implies that the
definition of NPLs varies over time as well as ogeuntries.
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Table 11: Resultsfor estimations of Equation (3) with alternative specifications

Benchmark
Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA(-1) TA-D*OIS TA(-1) TA(-1) TA-L)*OIS  TA(-1)*OIS
Year*country FE N= 778
FE_1 0.037 *= -0.013 0.071 = -0.020 -0.016 -0.039
FE_2 0.026 *= -0.007 0.051 = -0.012 -0.014 -0.011
SysGMM_1 0.028 *= 0.005 0.054 = -0.014 -0.029 0.076 *
SysGMM 2 0.026 * 0.020 0.099 * -0.075 0.000 -0.004
Macro variables N= 725
FE_1 0.007 -0.005 0.062 = -0.062 -0.043 0.056
FE_2 -0.003 -0.011 0.042 + -0.064 * -0.038 * 0.028
SysGMM_1 0.004 0.001 0.034 = -0.042 + -0.046 = 0.089 *

SiSGMM 2 -0.028 * -0.019 -0.012 -0.037 0.004 -0.044

Including provisions over gross loans for i

Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL _ LL Res_
Modell TA(-1) TA(-1)*OIS TA(-1) TA(-1) TA-1D)*OIS  TA(-1)*OIS
Year*country FE N= 609
FE 1 0.033 = -0.012 0.060 * -0.021 -0.001 -0.067
FE 2 0.026 * -0.003 0.047 = -0.016 0.003 -0.041
SysGMM_1 0.033 »= 0.015 0.067 = -0.026 -0.014 0.063
SysGMM_2 0.021 * 0.021 0.082 * -0.070 0.022 -0.043
Macro variables N= 575
FE_1 0.011 0.000 0.065 = -0.054 -0.052 0.101
FE 2 -0.001 -0.009 0.044 -0.057 -0.046 0.060
SysGMM_1 0.008 0.005 0.040 = -0.040 * -0.049 * 0.102 *
SysGMM 2 -0.022 -0.018 -0.006 -0.027 0.021 -0.057
Loan rate spread over relevant OIS-swap rate
Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL _ LL Res_
Modell TA(-1) TA(-D)*OIS TA(-1) TA(-1) TA-D*OIS  TA(-1)*OIS
Year*country FE N= 778
FE_ 1 0.035 »= -0.017 0.068 »=* -0.022 -0.019 -0.050
FE_2 0.025 »= -0.011 0.051 »= -0.018 -0.015 -0.026
SysGMM_1 0.018 »= 0.018 0.039 »= -0.010 -0.034 0.146 »
SysGMM_2 0.031 »= 0.027 * 0.022 0.033 -0.017 0.130 =
Macro variables N= 725
FE_ 1 0.006 -0.008 0.061 = -0.065 -0.044 0.047
FE 2 -0.004 -0.014 0.041 + -0.065 * -0.039 * 0.018
SysGMM_1 0.002 0.009 0.036 *=* -0.049 » -0.049 » 0.117 ==
SysGMM 2 0.003 0.012 0.026 -0.045 -0.015 0.038
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Table 11 continued

RWA as denomiator for NPL-variables

Gross_NPL_ Gross_NPL_| Net_NPL_ LL Res_ Net_NPL_ LL Res_
Modell RWA (-1) RWA(D*OIS| RWA (-1) TA(-1) TA-L)*OIS ~ TA(-1)*OIS
Year*country FE N= 774
FE_1 0.017 *= -0.012 0.034 = -0.014 -0.008 -0.053
FE_2 0.010 * -0.007 0.023 = -0.010 -0.008 -0.026
SysGMM_1 0.010 *= 0.010 0.023 == -0.010 -0.018 0.071 +
SysGMM 2 0.008 0.024 0.020 -0.004 0.026 0.024
Macro variables N= 721
FE_1 0.004 -0.005 0.027 * -0.024 -0.033 0.051
FE_2 -0.003 -0.012 0.014 -0.024 -0.030 0.021
SysGMM_1 0.001 0.001 0.014 = -0.019 = -0.038 * 0.079 *

SiSGMM 2 -0.009 -0.012 0.002 -0.021 -0.011 -0.001

Leverage ratio

Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL _ LL Res_
Modell TA(-1) TA-D)*OIS TA(-1) TA(-1) TA-L)*OIS  TA(-1)*OIS
Year*country FE N= 735
FE_1 0.035 == -0.023 * 0.058 == -0.005 -0.019 -0.057
FE_ 2 0.026 == -0.014 + 0.043 == -0.002 -0.014 -0.029
SysGMM_1 0.034 »= 0.009 0.057 »= -0.001 -0.035 0.105 »=
SysGMM 2 0.039 »= 0.028 0.093 * -0.036 -0.016 0.067
Macro variables N= 692
FE_ 1 0.004 -0.018 0.036 -0.029 -0.052 * 0.054
FE_ 2 -0.006 -0.020 * 0.022 -0.039 -0.044 = 0.025
SysGMM_1 0.006 -0.003 0.028 * -0.023 -0.055 = 0.102 =

SiSGMM 2 -0.015 -0.002 -0.003 -0.017 0.008 -0.013

AFC spread
Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL _ LL Res_
Modell TA(-1) TA(-1)*OIS TA(-1) TA(-1) TA-1D)*OIS  TA(-1)*OIS
Year*country FE N= 681
FE_ 1 0.041 »= -0.029 * 0.059 »= 0.017 -0.039 * -0.008
FE 2 0.030 *= -0.016 0.037 = 0.026 -0.026 * 0.014
SysGMM_1 0.040 == 0.000 0.059 == 0.013 -0.038 * 0.095 =
SysGMM_2 0.032 = 0.027 0.057 0.003 0.003 0.049
Macro variables N= 633
FE_1 0.009 -0.021 0.040 * -0.021 -0.063 * 0.092
FE 2 -0.004 -0.023 * 0.020 -0.025 -0.055 » 0.062
SysGMM_1 0.009 -0.017 0.031 -0.018 -0.071 0.105 =
SysGMM_2 -0.017 -0.021 0.043 -0.122 = -0.042 -0.039
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Table 12: Resultsfor estimation of Equation (3) with restricted samples

Benchmark
Gross_NPL_ Gross_NPL_| Net NPL _ LL_Res_ Net NPL_ LL Res_
Modell TA(-1) TA(-1)*OIS TA(-1) TA(-1) TA-1D)*OIS  TA(-1)*OIS
Year*country FE N= 778
FE_ 1 0.037 »= -0.013 0.071 »= -0.020 -0.016 -0.039
FE_ 2 0.026 == -0.007 0.051 == -0.012 -0.014 -0.011
SysGMM_1 0.028 == 0.005 0.054 == -0.014 -0.029 = 0.076 *
SysGMM_2 0.026 = 0.020 0.099 = -0.075 0.000 -0.004
Macro variables N= 725
FE_ 1 0.007 -0.005 0.062 = -0.062 -0.043 0.056
FE 2 -0.003 -0.011 0.042 + -0.064 * -0.038 * 0.028
SysGMM_1 0.004 0.001 0.034 = -0.042 ~ -0.046 * 0.089 =

SiSGMM 2 -0.028 * -0.019 -0.012 -0.037 0.004 -0.044

Only when banking

group from weak growth country

Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA(-1) TA-D)*OIS TA(-1) TA(-1) TA-L)*OIS  TA(-1)*OIS
Year*country FE N= 224
FE_1 0.067 * 0.030 0.139 *= -0.024 0.055 -0.023
FE_2 0.058 * 0.028 0.124 -0.023 0.062 -0.036
SysGMM_1 0.054 = 0.070 + 0.120 == -0.043 0.048 0.073
SysGMM 2 0.068 0.078 0.139 = -0.017 0.004 0.164
Macro variables N= 243
FE_1 0.082 * 0.054 0.138 0.007 0.058 0.028
FE_2 0.063 * 0.035 0.108 * 0.002 0.051 -0.006
SysGMM_1 0.001 -0.033 0.020 -0.029 -0.067 0.020

SiSGMM 2 -0.001 -0.032 -0.039 0.032 -0.009 -0.089

Onlyif i and j from same country

Gross_NPL_ Gross_NPL_| Net NPL _ LL Res_ Net_NPL_ LL Res_
Modell TA (-1) TA(-D)*OIS TA(-1) TA(-1) TA-D*OIS  TA(-1)*OIS
Year*country FE N= 531
FE_1 0.027 -0.022 0.066 ** -0.063 -0.001 -0.133 =
FE_2 0.021 -0.012 0.051 = -0.047 0.002 -0.093 *
SysGMM_1 0.034 *~ 0.017 0.065 * -0.022 -0.014 0.076
SysGMM_2 0.033 * 0.034 0.121 -0.094 * 0.025 -0.043
Macro variables N= 549
FE_1 -0.001 -0.002 0.068 * -0.100 * -0.037 0.035
FE_2 -0.006 -0.004 0.056 * -0.096 * -0.031 0.020
SysGMM_1 0.003 0.007 0.046 -0.065 = -0.044 0.087 *
SysGMM 2 -0.023 -0.008 -0.009 -0.038 0.035 -0.078

Next, some robustness checks for Equation (2) @msidered. The results are shown in
Table 13. Again, the first panel shows the coedffits of the benchmark model from the
previous section for convenience. The next parsgldys coefficients of estimations in
which the YTM spread is replaced by the AFC-spreslich measures the funding
costs actually incurred by banks when issuing newdb (see Annex Il for a more
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detailed explanation). As can be seen, the posiglation between gross NPLs and
funding costs largely prevails, with the exceptiah FE_1 and FE_2 when
macroeconomic variables are used. However, sglitimgross NPLs into net NPLs and
loan loss reserves reveals that this relationivedrby the former variable instead of the
latter, hence the opposite of what is observeterbenchmark regression. Furthermore,
the estimation of Equation (2) is repeated withamgle that is restricted to banking
groups that also appear in the estimations of Egudfl) and Equation (3) as single
banks, belonging to those banking groups, aregiahe IMIR-sample (as described in
Section 5, banking groups which are not in the losssample described in Section 3,
have been included in the benchmark estimationg. thivd panel of Table 13 indicates
that the relation between NPLs and funding cosessdwot change much when only
IMIR banking groups are considered with the ex@epof the SysGMM_2 estimations,
for which the relation between funding costs arahl@ss reserves gets much stronger.
Finally, the YTM spread is replaced by the YTM smtenormalized for bonds with a
maturity from 1-5 years (YTM_Spread_1 5) which sed as explanatory variable in
Equation (3) and the controls for residual matuie removed. The coefficients
measuring the impact of gross NPLs on funding coststhe models with
macroeconomic variables are smaller compared tdoémehmark estimation and lose
their statistical significance. However when grdB3Ls are split the positive impact of
loan loss reserves remains. To sum up, the rolastriecks of Equation (2) suggest
that there is indeed in impact of NPLs on fundingts, but that caution in warranted
with regard to the question whether this impactrisen by net NPLs or loan loss
reserves.
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Table 13: Resultsfor estimations of Equation (2) with alter native specifications

Benchmark
Gross_NPL Net NPL _ LL Res_
Modell TA(-1) TA(-1) TA(-1)
Year*country FE N= 603
FE 1 0.094 »+ -0.015 0.266 *
FE 2 0.087 * -0.014 0.246 *+
SysGMM _1 0.023 = -0.004 0.106 =
SysGMM 2 0.057 » 0.044 0.080
Macro variables N= 613
FE 1 0.075 = -0.092 = 0.328
FE 2 0.071 = -0.089 = 0.314 »
SysGMM 1 0.021 = -0.025 0.133 »

SiSGMM_Z 0.050 * -0.015 0.153 *

AFC spread
Gross_NPL_ Net_ NPL _ LL_Res_
Modell TA(-1) TA(-1) TA(-1)

Year*country FE N= 413
FE 1 0.059 * 0.111 + -0.037
FE 2 0.067 = 0.127 = -0.042
SysGMM 1 0.031 * 0.022 * 0.062
SysGMM 2 0.076 = 0.079 + 0.043

Macro variables N= 481
FE 1 -0.040 0.013 -0.132
FE 2 -0.023 0.056 -0.161 *
SysGMM 1 0.039 * 0.046 * 0.021
SysGMM 2 0.068 * 0.149 = -0.087

Only IMIR banking groups
Gross_NPL_ Net_ NPL _ LL_Res_
Modell TA(-1) TA(-1) TA(-1)

Year*country FE N= 408
FE 1 0.111 »= 0.019 0.259 *
FE 2 0.108 = 0.014 0.259 =
SysGMM _1 0.052 *+ 0.003 0.161
SysGMM 2 0.094 *= -0.028 0.281 =

Macro variables N= 426
FE 1 0.102 *= -0.066 0.338 »+
FE 2 0.100 = -0.070 0.338 =
SysGMM_1 0.048 *+ -0.021 0.182 *
SysGMM 2 0.083 * -0.078 0.320 *
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Table 13 continued

YTM spread_1 5 (no controls for residual maturity)

Gross_NPL_ Net_ NPL _ LL_Res_
Modell TA(-1) TA(-1) TA(-1)
Year*country FE N= 603
FE 1 0.102 » 0.013 0.244 »~
FE 2 0.095 » 0.009 0.231
SysGMM _1 0.020 * -0.001 0.084 =
SysGMM 2 0.062 0.052 0.087
Macro variables N= 613
FE 1 0.054 -0.093 * 0.277 =
FE 2 0.049 -0.096 = 0.268
SysGMM _1 0.017 -0.019 0.106 =
SysGMM 2 0.030 -0.031 0.138

7 Conclusion

The present paper tries to shed more light on ¢fetion between the stock of non-
performing loans of a bank and the lending rateharges for newly granted loans to
non-financial corporations. The results indicatat tthe relation between the gross NPL
stock and lending rates is somewhat ambiguous positive in some but not in all
specifications. Splitting up the gross NPL stoctoinet NPLs and loans loss reserves
reveals that this ambiguity is mainly driven byrodass reserves. They tend to offset
the positive association between net NPLs and tgndates according to the results of
some but not of all specifications for cases inaiHianks preserve an average coverage
ratio. This offsetting effect is primarily found rfospecifications in which
macroeconomic determinants are captured by sevm@iroeconomic variables,
whereas it is less pronounced when time-countmdfigffects are used instead. It has to
be kept in mind that net NPLs and loan loss reseave highly correlated which might
render the results of the estimations in which hathables serve as regressors rather
unstable if new observations are added, althougih dio not seem to be overly sensitive
to variations within the present sample. The phssdgh of market rates to lending
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rates does not seem to be strongly affected by NIPhaything, results suggest that net
NPLs tend to weaken this pass-through.

The relation between NPLs and lending does not seerbe caused by higher
idiosyncratic funding costs. In fact, a high steadNPLs seems to entail higher funding
costs, but the impact of bank-specific funding sost lending rates is too weak for
funding costs being the main channel through whiBt.s impact lending rates.

As in all estimations throughout the paper the Backpital ratios are controlled for,
the NPL variable(s) capture effects beyond loskesdy caused by the creation of loan
loss reserves and already incorporated in bankstataThe finding that there seems to
be a positive relation between lending rates andNRées but not between lending rates
and loan loss reserves is compatible with net NlBdieg a source of anticipated future
losses. If banks consider a high stock of net N&d_a potential future drag to the built-
up of capital, NPLs might have the same impactesrding policies as actual capital
shortages. Although a relation between (actualiypried) bank capital and lending can
barely be found in the present paper, other stuthee found capital shortages — either
caused by low capital or by tightening regulataguirements — to entail cuts in bank
lending. Hence one might think of the positive tiela between lending rates and NPLs
as a leftward shift of the credit supply curve. @ternative interpretation is that banks
shift the composition of their borrower portfoliovtards riskier borrowers who can be
charged higher risk premia and “gamble for restiwat.

To sum up, results suggest that on the single bark-net NPLs lead at least in
situations in which the coverage ratio is partidyléow to a higher markup over market
rates but not alter the sensitivity of lending sati®@ market rates (the evidence is at least
rather weak). Hence, one might argue that the dmojending rates induced by an
expansionary monetary policy measure is of the samagnitude for a bank with a high
net NPL stock and a bank with a low net NPL stadkwever, due to the higher
markup, the lending rate of the high NPL stock bank be higher. Such a markup
might be problematic at the zero lower bound whefurther expansionary stimulus
cannot be easily achieved, but lending rates ateai high from a monetary policy
perspective. Of course, when drawing conclusiork végard to monetary policy from
the present results, it has to be kept in mind thatanalysis is focused on the single
bank-level and takes macroeconomic conditions erctiuntry level as given. Hence, it
is implicitly assumed that the impact of NPLs hblga particular bank shows up in
lending rates of that particular bank only. Potngpillovers of the NPL stock of one
bank to macroeconomic aggregates are neglectechight be important for the overall
effect of NPLs which is finally what matters for megary policy.
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Annex | Bankscope (BS)- and SNL -data

Balance sheet information are taken from two d#iférsources: from Bankscope (BS)
(ORBIS Bank Focus since 2017) and from SNL. Afteerging the different data
sources, there are slightly more observations imiibrmation for all variables if SNL-
data is used compared to when BS-data is used., When available, SNL-data is
employed.

Values for similar balance sheet items, for theesén@nk and the same period are not
necessarily identical in BS and SNL. This is du¢ht® fact that exact definitions of the
item might differ between both data sources (engpaired loans vs. non-performing
loans or ignoring vs. taking into account floors thre calculation of RWAS). For
observations, for which information is missing iNLS but is available in BS, the
following procedure is applied for each variable:

e If information in SNL is missing in one year, bwg available in BS and
available in SNL in the previous and in the follagiyear, the SNL-value is
calculated as:

BS;—BS;_1

SNL¢ = SNLe_y + (SNLyyy = SNLe_y) * gt =t

Hence, it is assumed that the change fteirto t in the SNL-value is equal to
the change front-1 to t+1, times the ratio of the change in the BS-value
observed front-1 tot over the change froml tot+1.

« If information in SNL is missing for at least oneay, but at least for four
different years there is information from both sm& BS and SNL: the SNL-
values for years, for which only BS-values are kade are imputed using the
forecast of a single regression of the SNL variabiea constant and the BS
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variable using exclusively observations for thepessive banking group, if the
R? of this regression is above 95 %.

* If information is available in BS but not in SNLrfat least 10 observations for
banking groups from a single country and at theesame there are at least 20
observations for which information from both sowege available for banking
groups from this country: the SNL variable is reger on a constant and the
BS variable using exclusively observations from réspective country and the
SNL-values are forecasted based on the regresssuits for observations, for
which only the BS-value is available. If thé & the regression is above 70 %,
the SNL-values are completely deleted and repldgethe forecasted values
for banking groups from the respective country, ¥drich there are more
observations in BS than in SNL. This procedure mssthat the dynamics of
the variable over time on the banking group lexeltrey are only driven by
either the SNL- or the BS-values. However, to eesome consistency over
different banking groups, it seems advisable notide the “raw” BS-values
(although systematic differences between bankiogims would be eliminated
by the usage of first differences or fixed effedts the econometric
specifications).

Annex |1: Calculation of the AFC- and YTM spread based on
CSDB-data

In order to preserve some degree of homogeneityalhaebt instruments, for which
the CSDB provides information, are used in ordecaizulate the AFC (actual funding
cost)- and YTM (yield to maturity)-spreads. Moresifically, the underlying sample is
restricted to straight bonds, Euro medium term syotertificates of deposit and Euro
commercial paper and excludes convertible bondsbamdis with warrants attached.
Furthermore, it is restricted to instruments withx&d or zero interest rate and with a
fixed maturity. Instruments that are explicitly &éled as secured or as being guaranteed
by the government are also excluded. However,unstnts, for which this information

is missing are kept, thus it cannot be ruled owatt tome secured or government-
guaranteed instruments remain in the sample.

The YTM spread for a certain month is calculatedeweery instrument that meets the
above-mentioned criteria. First, the spread betwkerY TM and the OIS-rate referring
to the duration in years closest to the residuauntg of the instrument is computed.
This is done for all instruments, for which the YThased on the actual market price, is
available for the respective month. Instrumentshwah exceptionally low or high
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Spread (lower than -500 BP or higher than 1500 &) removed from the sample.
Subsequently, spreads are aggregated on the baxlkdsy computing averages
weighted by the outstanding amount. The YTM sprisadxclusively based on those
instruments, for which actual market prices havenbebserved. The AFC-spread for a
certain month is calculated for every instrumeat theets the above-mentioned criteria
and was issued in the respective month. On theumsint level, the spread is computed
as the difference between the coupon and the Q¢éSreferring to the duration in years
closest to the original maturity of the instrumdnstruments with an exceptionally low
or high spread (lower than -500 BP or higher tha@01BP) are again removed from the
sample. Then, the spreads are aggregated on theleyah by computing averages
weighted by the issued amount.

The first month for which CSDB-data is available 2009m4. A lot of YTM-
information in this month refers to 2009m3, so tisighe first month, for which the
YTM spread is available for most of the banks. Af&-spread in turn is also available
for earlier periods, as it is linked to the issag¢edof the instrument which might be prior
to 2009m3 as the CSDB covers all instruments ocudstg at the month of data
collection. However, as only CSDB-data from 20102€16 is used in the empirical
analyses, the period covered by CSDB-data doesause any restrictions.

The impact of the risk-free yield curve is elimieatby considering spreads instead of
coupons and YTMs. However, it is likely, that ald® spread over a risk-free rate
depends on the maturity of the instrument as Wélus, the spreads are calculated for
each point in time separately for instruments fromee different maturity buckets
(residual maturity for the YTM spread, original muaty for the AFC-spread): up to 1
year, 1-5 years and over 5 years. Those bucketespmnd to the interest rate fixation
periods for which data is available in the IMIR-@s#t. The spread referring to the 1-5
year bucket is used in the subsequent analysiasahservations are available for this
bucket in the CSDB-data. For banks, for which theeno instruments in the 1-5 year
bucket in a given month, but in other buckets, 1h& year spread is computed as
follows, for both YTM and AFC:

« The average difference in the spread between theydar bucket and the 5+
year bucket and the 1 year bucket is calculatetherbank-level for banks, for
which spreads in both buckets are available.

« The average differences are calculated separaielgifferent time periods and
for each time period separately for vulnerable mod-vulnerable countries. The
time periods are:
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» 2009m3-2010m12
» 2011m1-2012m12
» 2013m1-2016m12
» Subsequently, for all banks for which only spresdthe 5+ and / or the 1 year
bucket are available in a certain month, the 1-&rpread is computed as the
sum of the observed 5+ or 1 year spread and thegealifference computed
based on all banks, for which spreads in both hiscke observed.

Finally, both AFC- and YTM spread for the 1-5 yeae aggregated at a yearly basis by
calculating the unweighted average over all monfins which observations are
available.

Annex I11: Stability of estimated coefficientsrelated to net
NPLsand loan lossreserve variablesin Equation (1).

In order to check the stability of the coefficientdated to the net NPL variable and the
loan loss reserves variable, the estimations wheselts are presented in Section 5
have been repeated with altering samples. Altesaugples is achieved by randomly
picking 10 banking groups and subsequently remowtgbservations referring to
single banks that are part of one of those 10 Ibgnkiroups. In this way, for each
specification 100 different samples are generdiaded on which the estimation is then
conducted. The 100 different estimators for bottiaddes are depicted in kernel density
plots below for the FE_2 and SysGMM_ 2 specification

The outputs consist of four separate graphs eaehfirst row refers to the density of
coefficients referring to the net NPL and loan lesserve variable. It shows both
densities in the first graph (upper left) and tieagity for the differences between both
coefficients in the second graph (upper right). Beeond row shows the density of
coefficients referring to the interactions of thet NPL and loan loss reserve variable
with the OIS swap rate.

Graphs on the left side depicting both densitidswalconclusions on whether the
respective coefficient remains systematically abbbelow zero when the underlying
sample is altered and, hence, whether possibléfismnt results displayed in the main
text are confirmed. Graphs on the right-hand siktevaconclusions on whether the
coefficient referring to one variable lies systeigaty above / below the coefficient
referring to the other variable.
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Figure 3: Stability of estimated coefficients related to net NPLs and loan loss
reservesfor FE_2 (Equation (1), time*country FE, related to Table5, left panel)
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Figure 4. Stability of estimated coefficients related to net NPLs and loan loss
reserves for SysGMM _2 (Equation (1), time*country FE, related to Table 5, left

panel)
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Figure 5: Stability of estimated coefficients related to net NPLs and loan loss
reserves for FE_2 (Equation (1), macroeconomic variables, related to Table 5,
right panel)
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Figure 6: Stability of estimated coefficients related to net NPLs and loan loss
reserves for SysGMM _2 (Equation (1), macroeconomic variables, related to Table
5, right panel)
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Annex | V: Stability of estimated coefficientsrelated to net
NPLsand loan lossreserve variablesin Equation (2).

In order to check the stability of the coefficientdated to the net NPL variable and the
loan loss reserves variable, the estimations wheselts are presented in Section 5
have been repeated with altering samples. Altesagples is achieved by randomly
picking 10 banking groups which are removed from siample. In this way, for each

specification 100 different samples are generdiaded on which the estimation is then
conducted. The 100 different estimators for bottiaddes are depicted in kernel density
plots below for the FE_2 and SysGMM_2 specificatibhe structure of the graphs is

as in Annex lll (however, there are no interactiemms to be estimated).

Figure 7: Stability of estimated coefficients related to net NPLs and loan loss
reservesfor FE_2 (Equation (2), time*country FE, related to Table 7, left panel)
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Figure 8: Stability of estimated coefficients related to net NPLs and loan loss

reserves for SysGMM _2 (Equation (2), time*country FE, related to Table 7, left
panel)
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Figure 9: Stability of estimated coefficients related to net NPLs and loan loss

reserves for FE_2 (Equation (2), macroeconomic variables, related to Table 7,
right panel)
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Figure 10: Stability of estimated coefficients related to net NPLs and loan loss

reserves for SysGMM _2 (Equation (2), macroeconomic variables, related to Table
7, right pandl)
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Annex V: Stability of estimated coefficientsrelated to net
NPLsand loan lossreserve variablesin Equation (3).

In order to check the stability of the coefficientdated to the net NPL variable and the
loan loss reserves variable, the estimations wheselts are presented in Section 5
have been repeated with altering samples as dedanbAnnex Il for Equation (1)
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Figure 11: Stability of estimated coefficients related to net NPLs and loan loss
reservesfor FE_2 (Equation (3), time*country FE, related to Table 9, left panel)
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Figure 12: Stability of estimated coefficients related to net NPLs and loan loss
reserves for SysGMM _2 (Equation (3), time*country FE, related to Table 9, left

panel)
o
N @ A
[Te)
27 ©
) =
a &Y
1o [a)
N
o
T T T T T T
-1 -.05 0 .05 1 15 ©9 . . . .
Coefficient 0 1 2 3
kdensity Net_ NPL_TA_GMM?2 Difference_Coefficients
kdensity LL_Res_TA_GMM2 kdensity Difference
o o
< —
3
2
Bo 291
SN ‘@
a &
S [P
o
T T T T T
-1 -.05 0 .05 1 ©5 . . . . . .
Coefficient 1 05 0 05 1 15

kdensity Net_NPL_TAXOIS_GMM2 DifferencelCoctficients
kdensity LL_Res_TAxXOIS_GMM2

kdensity Difference

5

(o]



Figure 13: Stability of estimated coefficients related to net NPLs and loan loss
reserves for FE_2 (Equation (3), macroeconomic variables, related to Table 9,

right panel)
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Figure 14: Stability of estimated coefficients related to net NPLs and loan loss
reserves for SysGMM _2 (Equation (3), macroeconomic variables, related to Table

9, right panel)
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Annex VI: Total effects of NPL-variables

The figures below graphically depict the overalpawt of gross NPLs, net NPLs and
loan loss reserves which result from combining ¢ffects from the respective level

variable and the interaction of the respectivealdd with the OIS-rate on lending rates.
The figures show point estimates as well as 95 #idence intervals. They are based
on the results displayed in Table 4 (gross NPLs) Bable 5 (net NPLs and loan loss
reserves). In all cases, an increase of gross NB&ésa share of total assets) of 2
percentage points (equal to the average increasigedmanking group level between the
beginning and the end of the sample), a coverage oh 45 % and an OIS-rate of

roughly 20 basis points (both equal to sample meme) assumed. This implies

increases of net NPLs by (1-0.45) * 2 PP and afi loas reserves by 0.45 * 2 PP.

Figure 15: Total effects of gross NPL s (based on resultsdisplayed in Table 4)
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Figure 17: Total effects of loan lossreserves (based on results displayed in Table 5)
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Figure 18: Total effects of net NPLs and loan loss reserves (based on results
displayed in Table 5)
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