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Abstract

The aim of this paper is to investigate the impact of the unusually low interest rate
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techniques, we find that the low interest rate environment indeed impairs bank performance
and compresses net interest margins. Nonetheless, banks have been able to maintain their
overall level of profits, due to lower provisioning, which in turn may endanger financial
stability. Banks did not compensate for their lower interest income by expanding operations
to include trading activities with a higher risk exposure.
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1. Introduction

Since the start of the financial crisis, concerageharisen about the soundness of the financitdrséthe
current macroeconomic conditions and the unseeriftesest rates present a challenging environnant f
financial institutions. Due to weak economic growatid lower expected real returns on investmererést
rates have been falling since the early 2000@v&l the world. Moreover, as central banks attempieet
their inflation target levels in order to ameligréihe economic conditions, an expansionary monetligy
has been exercised in the US, Europe and Japamtainaig short-term policy rates at near zero vy
means of large-scale asset purchases, the longirterast rates have fallen to historically lowees/too.

Studies on bank profitability and its relationshipthe business cycle (see, e.g., Demirgl¢-Kunt &
Huizinga [1999], Bikker & Hu [2002]) regained codeiable attention in the light of the most recent
recession, see Athanasoglou et al (2008), Albert&z@&ambacorta (2009), Bolt et al. (2012). Bank
profitability is a predominant indicator of a souawld stable banking sector, but needs further tiadteim
light of the low interest rate environment. Hitlegrany results on the link between interest rateléeand
bank profitability is merely a by-product in theeliature. Studies which specifically focus on the
relationship between (low) interest rates and hanoitability are scarce, see Genay & Podjasek 4201
Alessandri & Nelson (2015) and English (2002). Boet al. (2015) further stress the importance of
understanding this relationship for the evaluatbmrmonetary policy as this is suspected to haveser
side effects.

Firstly, this paper aims to contribute to the htietre by further exploring the relationship betwbank
profitability and the low interest rate environmelttis generally supposed that, in the long tefiatling
interest rates have a negative effect on banktprdit first glance, banks might be able to compén$or
lower lending rates by correspondingly loweringithieinding rates. However, the funding rate is
constrained to a zero lower bound, as customemarexpected to accept a negative deposit intesiest
Profit margins are squeezed along with the netéstemargin, and as bank profits largely deterrbiaek
capital, lower profit margins could put pressuretiom bank's capital position and thereby on itgaady.
This should also be seen in light of the increasinggency of capital requirements under Basel 3.5

Secondly, the issue of bank risk-taking will be @3ded. Banks may have increased their risk appetit
due to the low interest rate environment, yet tttere to which banks increase their risk exposirettgh
risky investments in search for higher profitsasdly investigated. Thus far, this potential depah@nt has
merely been suggested by, e.g., Weistroffer (2@h8) Genay & Podjasek (2014). In the short run banks
may benefit from lower loan loss provisions assailteof a reduced default probability on outstagdoans
due to low interest rates for lenders. In the mediarm, low interest rates might trigger banksowdr
their lending standards which could cause a detgitm in the quality of the loan portfolio, raigicredit
risk.

This paper explores the impact of the low interat environment on both bank profitability and kan
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risk-taking by analyzing a dynamic panel model whaonsiders persistence effects, bank-specific and
macroeconomic determinants, as well as the inteagstenvironment. In order to account for the dyita
structure and the potential endogeneity, a systéfiVi@stimator is used. Alternatively, a static madig!
approach is employed to expose relationships efést.

The remainder of this paper is structured as fdlothie next section provides an overview of the
literature on determinants of bank profitabilitydaon risk-taking behavior of banks. Section 3 pnesthe
data and the relevant variables for the empirizalyson the US banking sector. Also, the initialdals are
specified. Section 4 describes the methodology thrdeconometric technigques used to estimate these
models in search for consistent and reliable estimaé&Subsequently, the empirical results are pteden
interpreted and discussed. Section 6 provides elusion.

2. Literaturereview

2.1. Bank profitability

Identifying the determinants of bank profitabiliiy an important field of research. Demirgli¢-Kunt &
Huizinga (1999) were among the first to explaifadiénces in bank profitability and net interest gias.
Athanasoglou et al. (2008) made the popular, marsimonious decomposition of determinants into bank
specific, industry-specific and macro economic gaties. They adopted a dynamic model and found
significant profit persistence. Many papers takis fhrofit persistence into account in accordancth wi
Berger et al. (2000), see e.g. Dietrich & Wanzeh(®011) for the Swiss bankings sector or Garcadier

et al. (2009) for the case of China, but also Alesisi & Nelson (2015).

Firstly, numerous bank-specific factors may aftbet profits of a bank. Commonly used variables are
size, bank capital, the level of (credit) risk,derg, revenue diversification, the business modéype of
bank, efficiency and shares of publicly owned baske Athanasoglou et al. (2008). Based on théimxis
literature, this paper illustrates how these bamdesic factors affect bank profitability.

Sze: Empirical evidence on the impact of bank size mmofitability is inconclusive. Whereas
Demirgli¢-Kunt & Huizinga (1999), Goddard et al. (2) and Borio et al. (2015) find a positive effect,
ECB (2015) finds that bank size has a significantgative effect on profitability, which is explaih by
the more complex and costly structure of largerksa®n the other hand, Athanasoglou et al. (2068) a
Trujillo-Ponce (2013) find an insignificant effeaid suggest a non-linear relationship such thditalodity
initially increases with size and then declinesigge et al. (1994) remark on the consensus initér@aiure
that the average cost curve in banking has avelgtflat U-shape with medium-sized banks beingtgly
more scale efficient than either large or smallksai®thers such as Shehzad et al. (2013) findlainger
banks are more profitable than small banks, buivgaba slower pace. Larger banks may benefit from
economies of scale while smaller banks may tryréavfaster at the expense of their profitability.

Capital: Bank capitalization, measured as the ratio ofitgqo assets, is another factor influencing
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bank profitability. Relying on the effects of tha®I Accords which require banks to have a minirawual

of capital as a percentage of risk-weighted aq$¥{¢A), lannotta et al. (2007) state that higheritzdp
levels may denote banks with riskier assets. TiHsast holds for a given RWA leverage ratio, the. ratio

of capital to RWA. Through higher returns, highapital ratios could yield higher profits. Athanaknget

al. (2008) found a positive relationship as bangiteh acts as a safety net in the case of adverse
developments, so they can maintain their profithiih economically difficult times. Generally, einigal
evidence suggests a positive relationship betwegitad and profitability, see also Demirgl¢-Kunt &
Huizinga (1999), Borio et al. (2015) and ECB (2015)

Credit risk: Bikker & Hu's (2002) finding that higher credisk exposure via loans is associated with
lower profit margins is widely validated in theeliature. Higher credit risk directly affects prefis the
amount of provisioning for expected loan lossededucted from net profits. In the medium term,\ado
guality of the loan portfolio also reduces profitsloan losses are actually incurred. Credit sdloind to
be pro-cyclical (Bikker & Hu [2002]) and asymmet(Marcucci & Quagliariello [2009]): during economic
downturns, this cyclical effect is even more prammed. Hence, credit risk and thus the higher lefel
provisioning has a negative impact on bank proiitgbsee Athanasoglou et al. (2008) and ECB (9045
well.

Lending: The ratio of total loans over total assets represa bank’s relative lending size. A larger
loan portfolio generates the vast majority of meeiiest income, obviously determining profit pasity,
but is also subject to higher credit risk which mayturn, deteriorate profits. Based on empir@atience,
ECB (2015), Dietrich & Wanzenried (2011) and TtajiPonce (2013) find that, on balance, lending
positively affects profitability. Bikker & Hu (200Zind that lending is pro-cyclical and that baniish
higher profits will lend more generously.

Diversification describes the ratio of non-interest income oval timcome. Non-interest income is
generated via fee and commission income or traglinigities. Stiroh (2004), Demirgli¢-Kunt & Huizinga
(1999) and ECB (2015) found that greater reliant@on-interest income is associated with weakek ban
profitability. The converse has been found by Dibt& Wanzenried (2011) in the case of Swiss bamid
by Elsas et al. (2010) who argue that non-intebestinesses yield higher margins and thus enhance
profitability. Related to lending and diversificat, Roengpitya et al. (2014) identify three differeusiness
models by classifying balance sheet compositiomksfimd that profitability and efficiency vary martty
across business models and over time.

A second class of profitability determinants dedsedi by Athanasoglou et al. (2008) are those specifi
to the industry. Herewith, two factors are commardysidered.

Ownership, the shares of publicly-owned banks. Empirically ctear relationship with profitability is
found: Bourke (1989) and Molyneux & Thornton (19%®kn claim that this variable is unimportant in
explaining profitability.

Concentration, as measured by the Herfindahl-Hirschman indexIfHsifrequently studied by means
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of two theoretical models. On the one hand, thesire-conduct-performance hypothesis states tghalyh
concentrated markets positively impact bank prbfiity through greater market power and therewdita t
ability to charge relatively high rates for loansdalow rates for deposits. Empirical evidence foe t
structure-conduct-profit hypothesis is found in Gardl et al. (2004) for Europe. On the other hahd, t
efficient-structure theory claims that greater nedrkhares are gained from higher efficiency which
increases profitability, see Berger (1995). Athaxgdau et al. (2008), Berger (1995) and Garca-Heretr
al. (2009) do not find a clear relationship betwsecator concentration and bank profitability, legioom

for the efficiency-structure hypothesis.

Thirdly, the macroeconomic environment is greatyedminative for bank profitability. The business
cycle, as approximated kngal GDP growth, has a significantly positively impact on profitith, see
Demirglic-Kunt & Huizinga (1999), Albertazzi & Gamtmata (2009) and Bikker & Hu (2002). This pro-
cyclicality of bank profits is mainly explained likie influence of the business cycle on lending and
provisioning, see Bikker & Hu (2002). In favoraldeonomic conditions, the demand for credit by
households and firms is higher, which improvespiwditability of traditional interest practices. Bet al.
(2012) also link bank profits and economic activitietecting that the pro-cyclicality is strongerdieep
recessions than under normal conditions. Furthezmior economic booms the level of credit risk is
estimated to be lower, and the quality of the leggiortfolio is considered to be higher, which losveredit
loss provisions and directly boost profits. Mardu&cQuagliariello (2009) describes the asymmetric
relationship of the business cycle and bank crakt Athanasoglou et al. (2008) also find an aswtnim
effect: only in the upper phase of the businessedjis pro-cyclicality effect is found to be sifjoant.
They also note that net provisioning is a larges®wof the variability in profits.

Inflation also reflects aspects of the business cycle. @iyneempirical evidence asserts a positive
inflation impact on profits, but this coefficierst difficult — if not impossible — to interpret. Déngii¢-Kunt
& Huizinga (1999), for instance, find a positivdationship between inflation and net interest margi
giving the interpretation that high inflation trdeites into higher income from bank float. Besidas,
policymakers only have the nominal interest rat@and, inflation is determinative for the resultiregl
interest rates. In fact, inflation directly andimedtly affects profitability. Conflicting theoriesxist and for
a full discussion Perry (1992) should be consulted.

2.2. Bank profitability and interest rates

The interest rate levels are also part of the ne@neomic environment. The short and long-term éger
rate as well as the slope of the yield curve detezrhank profitability. The existing bank profitdrature
mainly considers these factors as a by-produch as@orio et al. (2015). The literature on monepaicy
provides more detailed analyses on the impactwfihderest rates, because the nominal interesigaes
main instrument central banks possess to stimtieteeconomy. So, it is important to take this fiefd
research into consideration.



Borio et al. (2015) investigated the influence afrmatary policy on bank profitability. They analyzed
the effect of interest rates on the different grofimponents, i.e. net interest income, non-inténeesme
and the level of provisions, as well as on oveedfitability, as measured by return on assetstlyirnet
interest income increases with short-term interatts (which act as proxy for all interest ratéd3o, a
positive relationship with the slope of the yieldnee is found, which corresponds to the findings of
Albertazzi & Gambacorta (2009). The relationshifasnd to be concave, both for interest rates &lyie
curve slope, so the effect is even more pronoundesh interest rates are at low levels. SecondlyioBs
al. (2015) find that higher interest rates lowen+iimterest income. The short-term interest ratethadield
curve slope both have a positive effect on loas lm®visions. Again, Albertazzi & Gambacorta (2009)
arrive at a similar result. Ultimately, the positieffects of interest rate and the slope of thielydarve on
net interest income more than offsets the negaffeets on non-interest income and provisions. ldetie
effect of higher interest rates on overall profiibis found to be positive and concave. This cave
relationship is especially alarming as the presdmpst zero interest rates and the flat yield eurave an
amplified negative impact on overall profitability.

Bolt et al. (2012) is closely related to Borio €t(@015). They also find that the effect of theth
term interest rate and the slope of the yield céiovdoan loss provisions is positive. However, tiber
effects differ. They conclude that the short-temteiiest rate negatively affects net interest incfordong-
term interest rate, however, they do find a posiéffect). For the non-interestincome an insigaifit effect
of short-term interest rate is found.

Alessandri & Nelson (2015) find evidence of a syséic effect of market interest rates on bank
profitability. The net interest margin increasetiwtie short-term interest rate. In response todrighterest
rates, banks raise their lending rates and rechaie lending volume, potentially by strengthenihegit
lending standards (this will be addressed in tileviang subsection), andce versa. Regarding the yield
curve, it is found that a steep yield curve bobsisk income margins, evidently as banks borrowtsrot
lend long. An interesting point in Alessandri & Beh (2015) is that banks in their UK sample takstmms
in interest rate derivatives. This follows from fiveling that the level of interest rates and yieldve slope
affect the net interest margin and trading incomegposite directions.

English (2002) addresses the issue of interestrisk@and net interest margins by inspecting irgere
rate volatility. He expects that a steeper termcstire increases net interest margins and thaestteate
volatility negatively affects net interest margids.popular explanation is that maturity mismatchd an
repricing frictions are responsible for squeezeafits:.

Since December 2008, the Federal Open Market Cdgarept its short-term policy rate at nearly
zero. This was combined by large-scale asset pseshaimed at lowering long-term interest rates and
boosting economic activity. Genay & Podjasek (262&)mined the impact on bank profitability of thois/
interest rate environment, caused by expansionanetary policy. In line with the previously mentaxh
papers as well as Demirgii¢-Kunt & Huizinga (1989psitive effect of short-term interest rateshanriet
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interest margin is found. This effect is strongardmaller banks. Although their analysis suggest lbw
short-term interest rates and a flat term structgnreeeze profits, they propose that the net effetdw
interest rates on profits turns out to be positieeause of the positive contribution to the busiresgle.
Apparently, the macroeconomic environment carriedigher weight in determining profitability.
Additionally, Genay & Podjasek (2014) suggest thabks were able to compensate the negative low
interest rates effect on profits by altering thrisiness practices, potentially through higheiideeme and
lowering loan loss provisions.

2.3. Bank risk-taking

Altunbas et al. (2010) find that an unusually lmterest rate environment over an extended peridithef
contributes to an increase in bank risk-takingsBm@ably, banks are inclined to assume greatemékly

via two channels. First, they may generate morenme from non-interest activities, by raising feel an
trading income, as formulated by Rajan (2005). @é&a&odjasek (2014) mention also lowering loan loss
provisions. In Japan, the prime example of a l@asgithg ultra-low interest rate environment, bamkieed
tried to change their business models and developedsources of income to maintain profitabilityhely
expanded in areas outside their core markets, @atketineir range of services, shifted investmeateaties
and established new lines of business, see Wdatr(#013). Roengpitya (2014) characterizes three
different bank business models and found that #feefinancial crisis many banks adjusted theategies

in line with their business model's relative pariance. However, they also find that a change imess
model more often deteriorates profitability thaha&nces it. A possible explanation is that partidyldnose
banks which were already in trouble were the ohatthanged their strategies.

The 'search for yield' and increased risk appetitealso be explained by the finding of Mangargelli
Wolswijk (2009) that during muted economic growithwer interest rates may reflect less risk aversion
The existence of the risk-taking channel, i.e.ithgact of changes in policy rates on either risicpptions
or risk tolerance, ascertained by Borio & Zhu (2008 broadly accepted in the literature and by
policymakers.

The second and predominant channel of risk-takelgtes to credit risk. The low interest rate
environment can affect the risk exposure in loarfplos in two contrasting waysOn the one hand, low
interest rates might reduce the default probabdityoutstanding loans, and hence, reduce provisamns
non-performing loans. On the other hand, banks trégften their lending standards lowering the loan
portfolio quality, which in the medium run leadshigher credit losses. Jiménez et al. (2014) olesettvis
for Spanish and loannidou et al. (2009) for Bolivieanks. Maddaloni & Peydré (2011) found thathia
case of Europe and the US, low short-term interatgs soften lending standards for both firms and
households. Dell'Ariccia & Marquez (2006) find thexv interest rates reduce adverse selection pmzble

2 This has also been noted in Altunbas et al. (2010)



and thereby may decrease bank screening, increagqgobability of granting loans to more riskyttes.
Delis & Kouretas (2011) complement the literatuyecbnsidering the years 2001-2008 and note that low
interest rates increased the riskiness of the paatiolios.

A correlation in the above two channels of riskigkcan be considered, as Delis & Kouretas (2011)
found that banks engaging in more non-traditiortivdies, i.e. higher risk exposure, also tendeatke on
higher risks in their traditional activities, il@gher level of credit risk.

3. Data and model

3.1. Data

We collect data on all US commercial and savingskbiasured by the Federal Deposit Insurance
Corporation (FDIC) from 2001 to 2015, stemming frtme Call Reporté.This allows us to consider the
years before and after the crisis, and fully capthie evolution of the low interest rate environmdine
guality and completeness of these US data is bibtéer what is available for other regions. The data
GDP growth, CPI inflation and long-term interestesaare acquired from the OECD Main Economic
Indicators (MEI) database. The short-term inter&t®ts are attained from Eurostat. Yearly averagessed

for all variables. After omitting extreme valuesdanondefined ratios from the sample, the resulting
unbalanced sample contains 100,479 bank-year aitgers; whereas the balanced sample, which is used
in the empirical analyses, consists of 3,582 imlial banks (see Table 1). In the empirical moddisevel
variables are divided by total assets in order ttkenthem stationary and comparable. The following

variables are adopted in the empirical analysthisfpaper.

Table 1: Balanced ver sus unbalanced sample

Number of observations Number of Average number of years
individual bank under observation
Balanced sampl 53,73( 3,582 15.0C
Unbalanced sample 100,47¢ 9,11z 11.0¢

* Unbalanced sample consists of banks with at lémse consecutive years under observation.

3.2. Dependent variables

Our first model investigates bank profitability (kg ) and the second model bank risk-taking (Mdbel
Several measures of profitability are used for Mdde

(a) Net interest margin (NIM), defined as the difference between intenesbme and interest expense, as

ratio to total assets.

3 See the website of FFIEC Central Data Reposit®wislic Data Distribution: https://cdr.ffiec.goviplic/.
4 For consistency, the unbalanced sample is corsttiny excluding all banks which have less thar&y
represented in the data.




(b) Return on assets (ROA), a commonly used performance measure, difiyethe ratio of net income
over total assets.
(c) Return on equity (ROE), the ratio of net income over total equiyanother performance indicator,
reflecting the bank's return on shareholders' imests.
(d) Profit as reported on the bank's balance sheet is alestigated (as a ratio of total assets).

For Model Il two different measures of risk aredisn line with the two risk exposure channels
described in Section 2.3.
(a) Total capital ratio (TCR), defined by the ratio of Total Risk-based CapitadroRisk-weighted Assets.
A higher risk exposure, resulting from more riskyéstments in a banks' search for yield, woulddeta
into a lower ratio.
(b) Credit loss provisionsto total loans ratio (PCL) describes the level of credit risk. A more riskgith
portfolio, i.e. relatively larger share of NPLsaislates into higher credit risk and therefore more
provisioning.

3.3. Explanatory variables

Taking the existing literature on the determinanftisank profitability into account as well as tharticular
interest of this paper concerning the low interat environment, the following variables are uddw set
of explanatory variables barely differs betweentthe models. We provide an expected sign and, arsof
as is lacking in Section 2, a rationale behindusege of the variables provided.

Bank-specific variables

Size is approximated by the logarithm of total assétse effect on profitability is ambiguous as staited
Section 2. For risk-taking the expected effectagative as larger banks may have a more develagled r
management and more diversification benefits and &hlower risk exposure. Alternatively, smallenksa
may be inclined to take higher risks in order tovgrA priori, the effect of size on risk-takingusclear.

Lending affects bank profitability via its effect on nettérest margin and it affects riskiness via the
quality of the loan portfolio. We do not have angreri sign for its effect on risk-taking.

Capitalization, the ratio of total equity capital over total assed¢presents a bank’s overall soundness
and is expected to have a positive impact on buafitability and risk-taking.

Diversification, the ratio of total non-interest income over tanabme, expresses the bank's reliance
on traditional intermediation practices. The effertprofits and risk-taking is ambiguous.

PCL andTCRratio are explanatory variables Model | but in turn dependent variables in Model Il
PCL, the ratio of loan loss provisions to total loarpresents the quality of the loan portfolio andaimp
profits directly. PCL may affect the TCR ratio aks with a problematic loan portfolio might attertp
offset this by pursuing higher returns from tradiagsuming more risk. A lower TCR reflects a higtisk
exposure, and is expected to translate into higgtarns.
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Macroeconomi ¢ environment

The macroeconomic variables take account of thanbss cycle effect on bank profitability and baisk+
taking. Real GDP growth is expected to have positive coefficien®PI inflation reflects that income
margins are partly driven by inflation expectatidhugh the income from bank float and bagwiori a
positive effect.

Interest rate environment
As short-terminterest rate we take the 3-month money market rate. It is etquethat lower interest rates
impair the bank's profit margins (making the saggueption as in the literature that the short-tiatarest
rate reflects the general interest rate level)inodkase risk exposure. It is assumed that theeisiteates’
impact on the bank profitability and risk-takingeastronger where interest rates are already lowsd&h
concave relationships are studied by includingadgatic term of the short-term interest rate, whscthus
expected to have a negative coefficient.|dm-term interest rate we take the 10-year government bond
yield. In this way, we can evaluate tield curve slope, as approximated by the difference between long-
and short-term rates. Analogous to Alessandri &shiel(2015), we expect a positive effect on profd a
negative effect on risk exposure. The interestvat@bles are considered in nominal terms, bectnese
are under the control of central banks. Alessatd\ielson (2015) provide a more detailed motivation.
Table A.1 in the appendix contains source inforaratin the model variables and Table 2 provides the
descriptive statistics, while the correlation matsi presented in Table A.2. All variables our fduo be
stationary, using the Fisher panel unit root testich conducts the augmented Dicky-Fuller unit rest
on each panel, excefze and Long-term interest rate, see the last column of Table 2. Given that all
dependent variables are stationary, the variabblsZeandlong-terminterest rate as independent variables
are not excluded from the regressiérespecially because the exclusion of these vasaltes not severely
affect the model's performance. The balanced saimpiged for the estimation. In the unbalanced &amp
bank observations are missing for some years duadiers and acquisitions or bankrupty, which is
referred to as thattrition bias. It could be argued that, for example, only thethgerforming and most
profitable banks withstand bankruptcy and are firesent over the entire sample period. Accordirtky,
balanced sample might be argued to give a biaspdession, as it only contains the healthiest banks.
However, this attrition bias is difficult to contrfor and probably negligible because of the lasgeple
size. As a robustness check, however, one coulghamarthe estimates from the balanced and unbalanced
sample. If there are no considerable differencethénestimates, this bias can indeed be considesed
negligible.

5 Note that, according to theory, the long-termrigsérate is stationary. In a world of growth andsolidation, size
is, of course, not stationary.
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Table 2: Descriptive statistics

M ean Standard deviation Min M ax Stationary

overall between within p-value

NIM 356% 0.65% 051% 0.41% 0.24% 7.06% Yes, 0.00(¢

NIl 8022 1102z 1032¢  385: 152 282182 Yes, 0.00(¢

Profit 14658 23092 -37665 449970 Yes, 0.00(¢
2174¢
776¢

ROA 096%  0.66% -6.50 % 4.39 % Yes, 0.00(¢
0.46%
0.47%

ROE 916 % 6.87% -10049 % 35.37 % Yes, 0.00(¢
4.69%
5.01%

TCR 1791 % 9.71% 5% 14357 %  Yes 0.00(¢
7.07%
6.66%

PCL 0.36 % .56% -0.84% 7.28% Yes, 0.00(¢
0.25%
0.50%

Size 11.72 1.01 8.70 15.83 No, 0.666!
0.96
0.31

Capitalization 10.82% 3.11% 3.64% 53.75% Yes 0.00(
2.76%
1.44%

Diversification 1190% 7.07% -7.75% 84.87% Yes 0.00(
5.93%
3.85%

Lending 61.59% 15.03% 5.08% 98.46% Yes 0.00(
13.39%
6.84%

Real GDP growtt 2.04 1.77 -3.02 4.62 Yes 0.00(
0
1.717

Inflation 2.16 1.14 -0.36 3.84 Yes 0.00(
0
1.14

Shor-term rate 1.87 1.77 0.23 5.3 Yes 0.00(
0
1.77

Long-term rate 3.56 1.02 1.80 5.02 No 1.00C
0
1.0Z

Note: These descriptive statistics are based on thetedesample. All variables, except from short amdjiterm interest rate, are
made real. By means of winsorizing all extreme &aland undefined ratios are excluded from the fiaaiple. The variables NIl

and Profit are stationary only as ratio to totakds. For the Fisher panel unit-root test, thelpesare provided. A rejection of the
null hypothesis implies stationarity.

11



3.4. Modd specifications
Model 1 explains bank profitability from interest rateslasther profit determinants:

M = c + all; .y + BXES +y XM + 6XIE + & (1)

I1;; is the profitability measure for bankin yeart. Like in many other studies, a dynamic model is
adopted, as bank profitability tends to persist twvee, see Berger et al. (2000). The level of isegace is
captured by the lagged dependent variable coetticie For a value ofx between 0 an 1, profits show
persistence but they will return to their normadele For a value close to zero, persistence isdad the
industry is quite competitive as the speed of ddjest is high. Ifa is close to 1, persistence is strong
pointing to absence of competition, see Athanaspgloal. (2008). The bank-specific determinants are
captured byX2S, the macro economy is represented in Xi&<™° term and the interest rate environment
is expressed by/?. The composite error is given by, = n; + u;,, wheren; is the unobserved bank-
specific effect, which is time-invariant, ang, the idiosyncratic error.

Model 1l describes bank risk-taking as a function of interates level and other determinants:
Tie =C+ar_y + BXES + yx}H + 5XIF + (2)

;i is the risk measure for barkin yeart. This model and its dynamic structure builds upmis &

Kouretas (2011), who provide arguments for the dyinanature of bank risk: it is a likely assumptibat
risk exposure, either from trading activities amfrthe quality of the loan portfolio, is carriectothe next
period and therefore endures. The degree of risgigtence is captured by the coefficientThe other
regressors and the error term are similar to throssodel .

Considering the length of the period under study tre developments that have taken place, time
effects might be present in the error componefitadfi models. Therefore, year dummies are included i
the estimation of the empirical models. In the thk&oal models, a constant term is included, big th
constant could of course not be identified in tked effects models.

4 Econometric M ethodology

41 Dynamic modeling approach

The models proposed in the previous section conglidetendency of bank profitability and bank risk-
taking to persist over time. The dynamic naturehefse variables is broadly recognized in the exgsti
empirical literature, see e.g. Athanasoglou €24l08) and Delis and Kouretas (2011) regarding3reek
banking sector, Dietrich and Wanzenried (2011) witbpect to the Swiss, Trujillo-Ponce (2013) far th
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Spanish and Garcia-Herrero et al. (2009) for thin€de. Moreover, aforecited papers such as Boxo an
Zhu (2008) and Alessandri and Nelson (2015) adelated models. The dynamic models (1) and (2),
therefore, constitute a legitimate starting poamtthe estimation of the relationships of interest.

Three precarious issues should be taken into atdéouhe empirical estimation of these models.
Firstly, some bank profitability and bank risk-tagideterminants are, potentially, of endogenousacher.
This either follows from omitted variable bias oorh a loop of causality between the independent and
dependent variables. A clear example is provide@Ghicia-Herrero et al. (2009): more profitable ank
may be able to increase their equity more easilgllmcating part of their profit to reserves. Thmuld
also spend more on advertising and increase tizeirshich in turn might affect profitability. Threusality
could also be reversed as more profitable banks engyloy more personnel, which could reduce their
operational efficiency.

Additionally, it is presumable that there are sdired effects specific to each individual bank that
impact the bank’s profitability or risk-taking wihiare not captured in the model. This is also knagn
unobserved heterogeneity. For instance, the bankisagement or clientele, which could be argued to
remain fairly constant over time, could affect tenk’s performance or attitude towards risk. Tailts
from the Hausman specification test confirm thespnee of unobserved heterogeneity, as correlatistse
between the fixed, bank-specific effects and tliefrendent variables.

Finally, the dynamic structure of the models cdogik the estimation. Least squares estimation
methods such as the pooled OLS estimator, thediffetrence estimator and the within estimatorms/en
to be inadequate in dynamic settings because thelation between the lagged dependent variabldland
error term, also known as the dynamic panel biamfNickell (1981), causes inconsistent estimates.
Standard results for omitted variables show thatboled OLS estimate of the lagged dependentblaria
is biased upwards, whereas the within estimatéaiseld downwards, at least in large samples, sed Bon
(2002). These two estimators therefore provideedible range in which the true estimate lies.

The system GMM estimator from Arellano and BovE®95) and Blundell and Bond (1998),
which builds on Arellano and Bond (1991), is depeld for dynamic panel models in order to deal with
abovementioned issues. It uses lagged values afeghendent variable both in levels and in diffeesnas
instruments as well as lagged values of the offmentially endogenous regressors. In this wayshige
of endogeneity, unobserved heterogeneity as wettieapersistence of the dependent variables isatad
for. It is proven that, if the moment condition® aatisfied, this estimator yields consistent dfidient
estimators. Because of these desirable featuressybtem GMM estimator is widely adopted in the
aforecited, related empirical studies on bank pabfiity and bank risk-taking. Hence, the bank-jiedfility
and bank risk-taking models in this paper’s analgse estimated by means of the system GMM estitmato
Analogous to related empirical literature, all baplecific variables are treated as endogenous abi¢ne
macro environment and interest rate variables @neidered exogenously. Furthermore, time dummies ar
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included, so that the assumption of no correladiomss individuals in the idiosyncratic error tésnmore
likely to hold.

However, the assumptions of no serial correlatiod #he validity of instruments, on which the
consistency of the system GMM estimator depends,nmt satisfied. The presence of higher-order
autocorrelation as well as the rejection of thegg8arHansen tests indicate that the instruments argeth
fact endogenous. As a result, the estimation tegtmémployed here may produce inconsistent estimate
This is in contrast with the related empirical $&sdon bank profitability and bank risk-taking whiclaim
to find consistent estimates while adopting a simihodeling approach, estimation strategy andunstnt
set. In section 5, we find some degree of robustaesthe estimates of the lagged dependent vatiable
well inside the credible range for most modelsexgsained above.

4.2 Static modeling approach

As the lagged dependent variable in the previouslaling approach may cause inconsistency in the
estimates, we chose to exclude this dynamic efadtcontinue to study the relationships of intebgst
means of a static model.

We start with the pooled OLS estimator. This sfieation not only omits the dynamics of bank
profitability and bank risk-taking by assumiagn Eq. (1) is equal to zero, it also disregards filked,
individual bank-specific effects by assuming wilspect to the error term that=#». From the Hausman
specification test it could be concluded that sbemk-specific effects are present and that therlatt
assumption is incorrect. The fixed-effects estimitdherefore preferred over the pooled OLS edtima

In this static modeling approach the possible gores of endogeneity needs still to be solved. A
common strategy to work around endogeneity is seeaf instrumental variables. Analogous to theesyst
GMM estimator in the dynamic modeling approach, #mdogenous, bank-specific variables are
instrumented by their own lagged values. This aadic the instrument set provides relevant instntsie
as they are indeed correlated with the endogenarigbles. As seen before, related empirical stutiesa
comparable set of instruments.

Whether these instruments are also valid, i.eouatated with the error term, remains a precarious
issue. The Hansen J test of over-identifying retsoms is rejected for all models. It should therefbe
concluded that instrumenting the bank-specific ogrethous variables by their own lagged values yielak
instruments. Potentially, a high persistence oftthek profit and risk-taking determinants and #eklof
exogenous variation cause the violation of the eredy assumption. This is a similar conclusionhe
one we have drawn from the dynamic modeling approAgain, this casts some doubt on whether the
research approaches in the literature effectivelgiels bank profitability and bank risk-taking detérants.
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5 Empirical Results

As we have failed to find appropriate instruments ¢herefore could not work around the endogeneity
problems in the two modeling approaches, the wigstimator without instrumental variables is coasédl
in order to expose the (static) relationships t#nest.

51 Bank profitability model
The first model exposes the impact of the low iegerrate environment on bank profitability. To taied
four different profitability measures of profit aegamined. See Table 3 for the empirical results.

Table 3. Static bank profitability model estimated with fixed effects (without 1V)

NIM Profit ROA ROE
Size -0.000971 *** 0.00156 0.00366 *** 0.0346 ***
(-4.93) (1.26) (14.80) (14 .42)
Capitalization 0.0644 *** 0.535 *** 0.0444 *** -0.210 ***
(17.42) (18.83) (12.67) (-6.48)
Diversification -0.00698 *** 0.00265 0.0160 *** 0.155 ***
(-7.29) (0.68) (14.80) (13.12)
Lending 0.0249 *** -0.00298 0.00937 *** 0.0919 ***
(48.95) (-0.81) (18.43) (17.64)
Credit risk proxy 0.0242 *** -0.133 *** -0.511 *** -5.605 ***
(5.05) (-6.72) (-55.87) (-42.30)
TCR -0.00215 *** 0.00453 -0.00262 *** -0.00261
(-7.73) (0.34) (-5.61) (-0.52)
Inflation 0.000218 **=* -0.00181 *** 0.000193 **=* 0.00119 **
(8.82) (-15.51) (6.23) (3.11)
Real GDP growtt -0.0000926 *** -0.000959 *** 0.0000504 0.000367
(-4.08) (-12.00) (1.59) (0.93)
Short IR 0.0151 *** -0.0154 *** 0.0117 *** 0.106 ***
(11.25) (-3.31) (7.20) (5.53)
Short IR? -0.0185 *** -0.0127 ** -0.0123 *** -0.127 ***
(-12.60) (-2.75) (-6.70) (-5.47)
Long IR 0.000302 *** -0.00162 *** 0.0000304 -0.000792
(3.65) (-5.11) (0.31) (-0.72)
Constant 0.0250 *** 0.0140 -0.0438 *** -0.329 ***
(10.29) (0.92) (-14.42) (-10.70)
Number of observation 53,730 53,730 53,730 53,730
Number of banks 3,582 3,582 3,582 3,582
Fraction of variance due 0.66 0.84 0.69 0.64
n;
R 2 within 0.35 0.28 0.43 0.41
R? between 0.16 0.44 0.05 0.09
R 2 overall 0.22 0.40 0.16 0.20

Note: t statistics in parentheses; *p < 0.05, **p < 0.01, ***p < 0.001
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Net Interest Margin

In the first column the results for the net inteéresmrgin can be found. The short-term interest iste
significantly positive. A one percentage point ease in the level of short-term interest rate soasated
with a 1.51 basis point increase in the net intareggin, ceteris paribus. This finding is in cependence
to the related literature of Alessandri & NelsoB12), Genay & Podjasek (2014) and Demirdfant &
Huizinga (1999). As the coefficient of the quadragéirm of the short-term interest rate has a negatgn,
the relationship is found to be concave, so thecefif a change in interest rates is even moreoueced
when interest rates are already low. Also, forltrey-term interest rate a small positive effectoisnd.
From these results it can be concluded that th&igtently low interest rate environment leads tieeline
in the net interest margin, which is the bank’smedurce of profitability, see Fig. 1. This is ind with
the presumption that as a consequence of the kewest rate environment banks struggle to genprafis
from their traditional lending and funding practce

Evolution of Net Interest Margin
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Fig. 1: Theevolution of the net interest margin, on average

In line with Demirgig-Kant & Huizinga (1999) and Dietrich & Wanzenrie2l0(1), we find that larger
banks are associated with lower margins as theficiest of bank size is given by -0.00097. Better
capitalized banks are associated with higher nerést margins, as supported by Demirffiant &
Huizinga (1999). Furthermore, banks with greatelianee on non-interest income, i.e. higher
diversification, have smaller net interest margirisch is as expected and supported by relatedestuafi
Demirgic-Kant & Huizinga (1999) and Dietrich & Wanzenrie20(L1). Besides, as the relative size of
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lending increases by one percentage point, the iNtkases by 2.49 basis points. So banks coulddser
their revenue from interest income relative to ttlirgierest expenses by expanding their lendingtizes:
We also found that as credit risk increases, thel lef provisioning is raised which leads to a l@gkending
rate, which in turn boosts the NIM. This positiveet of provisioning is also found by Dietrich &
Wanzenried (2011) for the Swiss banking sector.ddeer, a lower risk exposure is associated withlema
margins. Analogously, a capital ratio closer thaimum capital requirements, i.e. a higher risk esyse,
leads to wider margins. This is in line with thekrreturn relationship and could be seen in tha lif the
finding of Borio et al. (2015) that the net intdregargin is positively related to the bank’s asagatility.

In contrast with the empirical literature of e.gerirgic-Kant & Huizinga (1999) we do not find a pro-
cyclical effect of the NIM as the coefficient ofaleGDP growth is slightly negative.

Profit

For the effects on overall bank profits see thesdcolumn of Table 3. A one percentage point meedn

the short-term interest rate is associated wittbd hasis point decrease in profits. The quadtatio has
a negative sign indicating an asymmetric effedthef short-term interest rate on profits. The efféddhe

long-term interest rate is significantly negatigeneell. So, overall profits are not hurt as a resol the low

interest rate environment. This outcome is somewhgirising, but in line with the suggestions oih@g

& Podjasek (2014). Apparently, banks are able toensate for the decline in the NIM in such a vieat t
the overall profits are not impaired, see Fig. Zwéither or not banks did this by making more risky

Evolution of Profit
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17



investments and thereby increasing their non-istdérecome, will be discussed in the succeedingaect
Genay & Podjasek (2014) suggest that banks maedatimeir overall level of profits through higheefe
income or through lowering provisions. This lafiect will also be addressed in the subsequetibsec
Furthermore, they state that, in the US, the rfeicebn profits might be positive as the low instreate
environment led to better economic outcomes viaet unemployment rate, higher house prices andrfas
GDP growth.

The effect of bank size is found to be positivet msignificant. The very strong positive effect of
capitalization is mainly due to the definition difetvariable profit as it comprises capital and mese
Nevertheless, further evidence is provided thatebetpitalized banks are associated with highefitpr
Furthermore, it is found that a one percentagetpoarease in the provisioning for credit losseeelated
to a 13.26 percentage point decrease in profits. Jlibstantial negative effect follows from thet fdat —

in the accounting treatment of the bank — provisiare deducted directly from the net profits, sid&d&

& Hu (2002) and Bolt et al. (2012). Again, the ntgma effect of real GDP growth and inflation are
conflicting with the widely accepted pro-cyclicgliof bank profitability. No clear relationships for
diversification, lending and the capital ratio foend as these are insignificant.

Return on Assets

For the results of this commonly used profitabiligasure, see Column 3. The relationship to the-sho
term interest rate is positive which is in accomamith the existing literature. Corresponding tore
percentage point increase, the return on assigansl to be 1.17 basis points higher. This findimglies
that the low interest rate environment weakens lpgmformance. The negative sign of the quadratio te
implies that this relationship is concave and tthesimpact on profitability is even more severe whe
interest rates are already at low levels. Fordhg4term interest rate an insignificant effectaarfd.

Also for this profitability measure a positive aftef bank size is found as well as the convinggitive
effect of capitalization. Greater diversificatianassociated with a higher return on assets. Adthdhis
effect is not fully supported by the related litewr2, e.g. Athanasoglou et al. (2008) and TruflmAace
(2013), it is similar to Dietrich & Wanzenried (2011 Together with the negative effect of the cdpatio,
which suggests that higher risk exposure is asmatiavith higher return on assets, the risk-return
relationship is confirmed. Furthermore, the coddfit of lending reveals that a relatively largengartfolio
enhances bank profitability. In spite of that, geeacredit risk causes a major worsening in thekban
profitability as the coefficient -0.51 indicatesokover, from the insignificant effect of real GQRwth
and the small positive effect of inflation, no elezidence of pro-cyclicality is found. The resutisReturn

on Equity (RoE) are similar to those of ROA.
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52 Bank risk-taking model
Table 4 presents the results regarding the eféddtse low interest rates on bank risk-taking.

Total capital ratio

The first column describes the bank’s search-fetdyilt is found that the capital ratio is negaljuvelated

to the short-term interest rate: a one percentage pgecrease in the short-term interest rate $s@ated
with a 6.28 basis point increase in the capitdbrafhis implies that banks have a relatively lowisk
exposure at lower interest rate levels. This reteship cannot be concluded to be asymmetric as the
guadratic term is insignificant. For the long-teinterest rate, a significantly negative relatiopsisi also
found. Hence, no evidence is found that as a careseg of the persistently low interest rates banksind
their risky investments. Thus far, banks were &bhaaintain their overall level of profits withoappealing

to a search for yield.

Table 4. Static bank risk-taking model estimated with fixed effects (without 1'V)

TCRratio PCL

Size -0.0124 * 0.000419 *
(-2.55) (2.47)

Capitalization 1.538 *** -0.0209 ***
(9.22) (-8.42)

Diversification -0.0193" -0.00427 ***
(-2.38) (-3.92)

Lending -0.179 *** 0.00239 ***
(-26.66) (5.19)

Credit risk proxy 0.210
(1.07)

TCR 0.00123 ***

(8.68)

Inflation -0.00386 *** 0.0000676
(-8.79) (1.28)

Real GDP growtt -0.00238 *** 0.000231 ***
(-8.31) (4.66)

Short IR -0.0628 ** 0.0278 ***
(-3.12) (10.70)

Short IR? -0.0150 -0.0231 ***
(-1.12) (-8.01)

Long IR -0.00805 *** 0.00202 ***
(-4.15) (13.48)

Constant 0.354 *** -0.00594 *
(6.74) (-2.36)

Number of observation 53,730 53,730

Number of banks 3,582 3,582

Fraction of variance due t; 0.23 0.21

R 2 within 0.16 0.1:

R? between 0.77 0.02

R? overall 0.47 0.10

Note: t statistics in parenthesesp*< 0.05, **p < 0.01, ***p < 0.001
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From the negative effect of bank size it couldriferred that larger banks are more risk-takinghag may
be engaged in more trading activities comparedrtallser banks which typically are more traditional i
their business practices. The results confirm ltedter capitalized banks are safer and have a lasler
exposure, see Delis & Kouretas (2011). This sizeaffect of capitalization can be explained frora th
definition of the capital ratio: for a given lewafl risk exposure, a higher level of capital dingdticreases
this ratio. The negative effect of diversificatisrconsistent with the expectation that more difiedsbanks
will have more risky assets and thus a lower chpiti. The higher risk related to a larger loamtfolio
greatly impacts the overall risk exposure of thekba he level of provisioning is positively relatedthe
capital ratio through its effect on the bank’s talgyosition. However, this is an indirect effestiis found
to be insignificant. A slightly pro-cyclical effeof the capital ratio is found. So, in more favdeadconomic
conditions banks tend to increase their risk appetihich is in line with Manganelli & Wolswijk (2®)
who find lower risk aversion under such circumseamnc

Provisions for Credit Losses
The second column describes the bank’s attitudarasweredit risk. It is found that a one percenfagjat
decrease in the short-term interest rate is agedoiith a 2.78 basis point lower provisioning.gimplies
that banks expect lower loan losses in the lowéstierate environment, potentially because of ladedault
probabilities on outstanding loans. Moreover, telationship is found to be concave. These findisugs
analogous to Borio et al. (2015). Similarly, théeef of the long-term interest rate is significgrgbsitive.
The finding that banks take on a smaller cushioniresf credit losses in a low interest rate
environment could endanger the stability of thekbideredit losses prove to be higher than expedied
combination with the lower lending standards, asmébby Maddaloni & Peydr6 (2011), and higher risk-
taking on new loans through the risk-taking chasngée Borio & Zhu (2008), this might be a worrying
development. On the other hand, by effectively lomgethe provisioning, banks boosted their profits,
least in the short-run. Our analysis confirms thggestion of Genay & Podjasek (2014) that banks wer
able to maintain their overall profits through lovievels of provisioning.

No significant impact of bank size is found. Moren better capitalized banks are associated with
lower credit loss provisions as the negative coilfit indicates. Provisions represent the link leetwcredit
risk and capital as provisioning made to absorpdeted) loan losses directly lowers profits befbey are
allocated to capital and reserves, see Bikker &(B002). So, well-capitalized banks already have a
sufficient safety net to absorb credit losses. dikiersification of income negatively affects praeigng (-
0.0043). This is because in case of greater radiamcinterest income, credit risk is a more predami
source of risk and thus more provisioning is neetbedhanage this. Analogously, the size of lending
positively affects provisioning as a larger loantfudio with potentially higher credit risk needshagher
level of provisioning. Whereas the level of proeiing had a negative impact on the capital ratie, t
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opposite effect is positive. So, banks that takdowsver risks in their lending practices, througtaeger

buffer for credit losses, also tend to have leslsyrassets. Furthermore, the effect of the busicygds on

provisioning for credit losses is found to be digtpositive as both the effect of real GDP growiid

inflation are significantly positive. This slightrgzcyclicality contrasts with Bikker & Hu (2002) dn
Marcucci & Quagliariello (2009), who find a couniyclical behavior of provisions.

53 Robustness of results

Dynamic estimation results

In Section 4.1 we discussed the dynamic modelimgagzh which is commonly used in the literaturee Th
results from this system GMM estimator are presbmd able A.3 and A.4 of the appendix. As uncetai
exists about the consistency of these estimategse/éhem as a robustness test. In comparisoe teshlts

of the pooled OLS and the Within estimator, whioh shown in Table A.5-A.8, the estimates of theyéady
dependent variable show a certain degree of robsstas they lie well inside the aforementiocedlible
range for most models (i.eNIM, ROA, ROE, PCL). From this, one can conclude that the econometric
estimation technique employed here indeed imprtdwvegstimates of the OLS-type estimators.

However, for some models we do not see an impromemehe estimation result. Firstly, according
to our credibility range, the estimate Rrfofit is overestimated as the coefficient of the lagdedendent
variable is higher than the estimate of the po@&® estimator. This coefficient of laggédofit is very
close to 1, which denotes a high level of persistasf overall profits. Probably, by means of adjestts
in the level of provisioning or capital reserves tiverall level of profits in the balance sheaiften kept
fairly constant. In the literature profit measusegh afROA andROE are more common, so that it is also
possible that ‘overall profit’ is not a suitablentkgprofitability measure.

Secondly, the estimates for th€R are underestimated as the coefficient of the ldgigpendent
variable lies below the estimate of the within mstior. A coefficient close to zero indicates abseoic
persistence.

All in all, the estimation results from our dynammeodeling approach could be considered as
reasonably robust despite the possible lack of istemey of the estimators. Interestingly, the msdat
empirical literature does not come across our egiim issues of invalid instruments, and thus isstent
estimates. Most of the aforecited papers clainin ¢onsistent estimates and clear persistencetgffer
both bank profitability and risk-taking, even whereorresponding set of explanatory variablesiralai

estimation strategy and an analogous instrumertrsaised.

21



Static estimation results
In a second robustness test we use instrumentg static modeling approaches, in order to findsistent
estimates (see Table A.9-A.12 in the appendix). tMs$imates show a certain resemblance with the
estimation results of the within estimator withingtrumental variables as in Sections 5.1-5.2. Hene
some coefficients differ in sign, so we concludbdttthe issue of endogeneity seriously affects the
estimation results. The lagged values of the emulmge bank-specific variables, which generally cosep
the instrument set of the related empirical literat did not prove to serve as equally suitableunsents
in this analysis.

With respect to model performance, the RMSE aré eeghparable across approaches whereas the
R? s slightly lower in the models without instrumahtariables. However, the static models haveivelt
low explanatory power compared to the dynamic nmdapparently, the lagged dependent variable
implicitly captures some important effects whiclk aot captured by the bank profitability and riakihg
determinants. So, the inclusion of this lagged ddpet variable mitigates the problem of the omissib
some other possibly, relevant variable(s). Thisssdgubts on whether the research approach iténatlre
effectively models all factors influencing bank fitability and bank risk-taking, as well as whettike

related estimation issues are tackled adequately.

6 Conclusion

The aim of this paper is to investigate the impddbw interest rates on the profitability of bards well
as on the degree of risk-taking by banks. By medislarge panel data set consisting of macroecdamom
indicators, interest rate variables and bank-sjpdeiflance sheet variables, these relationshiparalyzed
for the U.S. banking sector.

The presumption that the low interest rate enviremirdeteriorates bank profitability is partly
confirmed by this paper’s analysis. It is foundttbank performance is indeed impaired as a consegue
of low interest rates. Moreover, the ability of kario generate profits from their traditional lemgliand
funding practices is reduced as the net intereggima being compressed by persistently low irgerates.
Nonetheless, the US banks were able to maintaiindherall level of profits. This could have beathi&eved
by effectively lowering their level of provisionings the default probabilities on outstanding loares
smaller in a low interest rate environment.

With regard to the effects of the low interest mt&ironment on bank risk-taking, two risk-taking
channels are considered. On the one hand, noaslislance is found that banks increased their riglosure
in a search for yield. Until now, banks were abletaintain their overall level of profits and hertieé not

compensate for a reduced net interest income byngakore risky investments through trading. Overgj
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however, banks might alter their business modets expand their trading activities in order to bssle
dependent on their lending and funding practicestii@ other hand, it is found that banks signifitan
lowered their level of credit loss provisioningtire low interest rate environment. Consequentby bilnffer
against unexpected credit losses has shrunk. Bankesthus maintained their overall level of prafithe

expense of a smaller cushion against credit losses.
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Appendix

Table A.1. Sour ces of model variables

Variable (Symbol) Definition Source Code
Net interest margi(NIM) Difference between interest income and intesgpense Call Reports  (RIAD4107 - RIAD4073)
divided by total assets RCON2170
Net interest incom(NII) Difference between nterest income and intengstrese Call Reports RIAD4074
Total Profit Undivided profits and capital resesv Call Reports RCON3632
Return on AssetdR0A) Ratio of Net income over total assets Call®dep  RIAD4340 / RCON2170
Return on EquityROE) Ratio of Net income over total equity capital Call Reports RIAD4340 / RCON3210
Total Capital RatigTCR) Total Risk-based Capital to Risk-weighted Assets Call Reports RCON7205
Credit Risk proxy(PCL) Provision for credit losses over total assets Call Reports RIAD4230 / RCON2170
Size Logarithm of total assets Call Reports og [RCON2170)
Capitalization Total Equiy Capital over Total Ass Call Reports RCON3210 / RCON2170
Diversification Total non-interest income dividied total income Call Reports RIAD4079
(sum of total interest income and total non-ieseincome)  Call Reports (RIAD4107 + RIAD4079)
Lending Total loans over total assets Call Rispo (RCON2122 + RCON2123)
RCON2170
Real GDP growth Average yearly GDP growth rate OECD MEI
Inflation CPlI Inflation OECD MEI
Short-term interest rate 3-month money market rat Eurostat
Long-term interest rate 10-year government bond OECD MEI

* These can be found on the website of FFIEC CEBita Repository’s Public Data Distribution: htfedr. ffiec.gov/public
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Table A.3. System GMM estimates of the bank profitability model

NIM Profit ROA ROE
NIM 0.66¢
(54.35
Profit ,_, 0.99;
(62.24
ROA,_; 0.53(
(25.88
ROE,_, 0.51:
(24.48
Size 0.0010( 0.0047: 0.00071. 0.0062:
(5.48 (10.71 (3.46 (3.16
Capitalization 0.031: -0.019: 0.032: -0.044:
(4.87 (-1.10 (4.87 (-0.70
Diversification -0.0024¢ -0.014: -0.0087: -0.067¢
(-1.79 (-4.90 (-5.13 (-4.05
Lending 0.0021¢ -0.0068! -0.00087! -0.013¢
(2.34 (-2.88 (-0.85 (-1.34
Credit risk proxy 0.029¢ -0.0044. -0.047( -0.84:
(2.63 (-0.11 (-1.72 (-3.15
TCR -0.020¢ 0.011¢ -0.014° -0.16¢
(-5.88 (1.02 (-3.93 (-4.87
Inflation -0.000097 -0.00063! -0.000060 -0.00027!
(-3.32 (-8.67 (-2.07 (-0.95
Real GDP 0.00014 0.00068! 0.00055: 0.0050t¢
(9.84 (14.91 (19.66 (18.02
Short IR 0.00094. 0.013: -0.00076: -0.0058:
(1.37 (7.71 (-5.58 (-4.22
Short IF2 -0.000031 0.00034. 0.00010! 0.00042i
(-1.74 (7.68 (3.89 (1.67
Long IR 0.00013: -0.0095 -0.00025! 0.0079:
(0.28 (-8.17 (-0.49 (1.63
Number of observatior 50,14¢ 50,14¢ 50,14¢ 50,14¢
Number of groups 3582 3582 3582 358:
Wald-test x%(28) = 728418 x?(28) =534858 x%(28) =57578  x2%(28) = 50429
Number of instrument: 112 112 112 112
AR(1) z =—23.28 z =—-14.99 z =—18.03 z =-1543
p-value = 0.00C p-value =0.00C  p-value =0.00 p-value = 0.00
AR(2) z=144 z=-0.71 z=>5.28 z =440
p-value = 0.14¢ p-value =0.47¢  p-value =0.00 p-value = 0.00
Hansen test of ov- x%(83) =702.00  x?(83) =344.64 x?(83)=501.20 x?%(83)=515.28
identifying restriction p-value = 0.00C p-value = 0.00C  p-value =0.00 p-value = 0.00(

Note: z statistics in parentheses.
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Table A.4. System GMM estimates of the bank risk-taking models

TCR PCL
TCR,_,; 0.0024
(2.03
PCL,_, 0.40¢
(33.59
Size -0.016¢ 0.00072i
(-10.41 (3.84
Capitalization 1.23( -0.020¢
(27.00 (-3.53
Diversification -0.0018: -0.0050!
(-0.20 (-4.17
Credit risk proxy -0.021:
(-0.32
TCR 0.0073
(2.22
Lending -0.181 0.0067(
(-29.75 (6.48
Inflation 0.00217 0.000120
(1516 (3.47
Real GDP growtt -0.0015: -0.00071:
(-10.29 (-22.66
Short IR -0.092: -0.00087:
(-15.69 (-5.87
Short IR? -0.0026: 0.00015.
(-18.01 (4.55
Long IR 0.070¢ -0.0012¢
(1743 (-2.47
Constant 0 0
() ()
Number ofobservations 50,148 50,14¢
Number of groups 3,582 3,582
Wald-test x%(28) = 88611.09 x%(28) = 14029.92
Number of instrument 112 112
AR(1) z =-5.83 z=-2195
p-value = 0.00C p-value = 0.00C
AR(2) z=-3.39 z=5.23
p-value = 0.001 p-value = 0.00
Hansen test ( x%(83) = 544.71 x%(83) = 395.62
overidentifying restriction p-value = 0.00C p-value = 0.00

Note: z statistics in parentheses.
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Table A.5. Pooled OL S estimates of the bank profitability models

NIM Profit ROA ROE
NIM ,_; 0.780 ***
(317.67)
Profit ,_, 0.943 ***
(729.39)
ROA,_; 0.656 ***
(237.67)
ROE,_, 0.627 ***
(219.70)
Size -0.000360 *** 0.000447 *** 0.000162 *** 0.00191 ***
(-23.09) (10.18) (8.71) (9.50)
Capitalization 0.0123 *** 0.0302 *** 0.0252 *** -0.0410 ***
(15.12) (12.58) (25.30) (-3.85)
Diversification 0.000870 *** 0.000999 0.00549 *** 0.0570 ***
(4.13) (1.66) (21.63) (20.73)
Lending 0.00609 *** 0.00786 *** 0.000831 *** 0.0105 ***
(45.19) (20.97) (5.25) (6.13)
Credit risk proxy 0.0378 *** -0.248 *** -0.358 *** -4.021 ***
(14.40) (-32.83) (-110.17) (-113.95)
TCR -0.00252 *** 0.0222 *** -0.00789 *** -0.0522 ***
(-6.23) (18.69) (-16.06) (-9.80)
Inflation -0.000171 *** -0.000151 ** 0.000142 *** 0.00144 **=*
(-9.36) (-2.87) (6.39) (5.99)
Real GDP growtt 0.000130 *** 0.000375 *** 0.000171 *** 0.00167 ***
(13.98) (14.01) (15.15) (13.61)
Short IR 0.0000995 -0.000812 *** -0.00105 *** -0.00825 ***
(1.78) (-5.04) (-15.42) (-11.15)
Short IF2 -0.0000540 *** 0.0000739 ** 0.000101 *** 0.000635 ***
(-6.63) (3.15) (10.18) (5.91)
Long IR 0.000619 *** 0.000419 *** 0.000896 *** 0.00873 ***
(19.85) (4.67) (23.65) (21.25)
Constant 0.00507 *** -0.0131 *** -0.00240 *** -0.000648
(20.89) (-19.96) (-8.68) (-0.22)
Observations 50,148 50,148 50,148 50,148
Adj. R? 0.76 0.95 0.66 0.6

Notes: t statistics in parenthesesp*< 0.05, ** p < 0.01, ** p < 0.001;
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Table A.6. Pooled OL S estimates of the bank risk-taking models

TCR PCL
TCR,_; 0.206 ***
(107.54)
PCL,_, 0.448 ***
(115.20)
Size -0.00173 *** 0.000166 *****
(-11.44) (7.21)
Capitalization 1.285 *** -0.00314 *
(227.31) (-2.57)
Diversification -0.0397 *** 0.000339
(-19.15) (2.07)
Lending -0.167 *** 0.00124 ***
(-156.40) (6.27)
Credit risk proxy -0.126 ***
(-4.83)
TCR -0.00154 ~*
(-2.53)
Inflation -0.000533 ** 0.000118 ***
(-2.92) (4.25)
Real GDP growtt 0.000844 *** -0.000645 ***
(9.09) (-46.77)
Short IR 0.000450 -0.000560 ***
(0.80) (-6.55)
Short IR? -0.0000326 0.00000634
(-0.40) (0.51)
Long IR -0.00107 *** 0.00102 ***
(-3.43) (21.58)
Constant 0.134 *** -0.00170 ***
(61.19) (-4.94)
Observations 50,148 50,148
Adj.R? 0.82 0.27

Notes: t statistics in parentheses) ¥ 0.05, ** p < 0.01, *** p < 0.001;
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Table A.7. Within estimator estimates of the bank profitability models

NIM Profit ROA ROE
NIM 0.483 ***
(135.94)
Profit ,_, 0.706 ***
(245.40)
ROA,_; 0.338 **=*
(98.85)
ROE,_, 0.338 ***
(97.04)
Size -0.00112 *** 0.000465 * 0.00122 *** 0.0116 ***
(-16.75) (2.39) (15.56) (13.36)
Capitalization 0.0357 *** 0.113 *** 0.0313 *** -0.196 ***
(25.99) (28.09) (19.90) (-11.32)
Diversification -0.00653 *** 0.00467 *** 0.0133 *** 0.132 ***
(-17.78) (4.38) (31.21) (28.01)
Loar-to-Assets 0.0170 *** 0.0205 *** 0.00575 *** 0.0553 ***
(69.43) (29.57) (20.75) (18.01)
Credit risk proxy 0.0311 *** -0.228 *** -0.445 *x* -4.914 *x*
(11.59) (-29.29) (-141.86) (-141.33)
TCR 0.000142 0.0751 *** -0.00211: 0.00254
(0.20) (35.82) (-2.56) (0.28)
Inflation -0.0000228 -0.000180 *** 0.000114 **=* 0.00123 ***
(-1.37) (-3.73) (5.93) (5.78)
Real GDP growtt 0.000149 *** 0.000294 **=* 0.000176 *** 0.00165 ***
(17.32) (11.77) (17.71) (14.92)
Short IR -0.000154 ** -0.000442 * -0.000440 *** -0.00329 ***
(-2.99) (-2.95) (-7.31) (-4.95)
Short IR? -0.0000329 *** 0.0000542 * 0.0000034¢& -0.000160
(-4.33) (2.46) (0.39) (-1.64)
Long IR 0.000769 *** 0.000142 0.00126 *** 0.0127 **=*
(24.01) (1.53) (34.01) (30.97)
Constant 0.0153 *** -0.0240 *** -0.0188 *** -0.131 ***
(17.20) (-9.38) (-18.21) (-11.49)
Number of observation 50,148 50,148 50,148 50,148
Number of banks 3,582 3,582 3,582 3,58¢
Fraction of variance due tg; 0.46 0.53 0.47 0.41
R 2 within 0.54 0.70 0.52 0.50
R? between 0.73 0.97 0.57 0.59
R 2 overall 0.65 0.94 0.54 0.54

Notes: t statistics in parenthesesp*< 0.05, *p < 0.01, *** p < 0.001;
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Table A.8. Within estimator estimates of the bank risk-taking models

TCR PCL
TCR,_; 0.0503 ***
(39.92)
PCL,_, 0.312 **=*
(72.15)
Size -0.00514 *** 0.000635 ***
(-12.04) (5.77)
Capitalization 1.295 *** -0.0214 ***
(206.96) (-9.63)
Diversification -0.00483 * -0.00471 ***
(-2.06) (-7.82)
Lending -0.175 *** 0.00347 ***
(-135.19) (8.86)
Credit risk proxy -0.0198
(-1.15)
TCR -0.000395
(-0.34)
Inflation -0.000889 *** 0.000252 **=*
(-8.38) (9.16)
Real GDP growtt 0.00110 *** -0.000651 ***
(20.05) (-47.18)
Short IR 0.00133 *** -0.00107 ***
(4.03) (-12.53)
Short IR? -0.0000741 0.0000570 ***
(-1.52) (4.53)
Long IR -0.00235 *** 0.00123 ***
(-11.56) (23.62)
Constant 0.204 *** -0.00613 ***
(36.76) (-4.22)
Number of observation 50,148 50,148
Number of banks 3,582 3,582
Fraction of variance due t; 0.73 0.1¢
R 2 within 0.63 0.1¢
R? between 0.83 0.42
R 2 overall 0.80 0.23

Notes: t statistics in parentheses) ¥ 0.05, **p < 0.01, *** p < 0.001;
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Table A.9. Pooled OL S estimates of the bank profitability models (with instrumental variables,
exactly identified equation)

NIM Profit ROA ROE
Size -0.00148 *** 0.00461 *** 0.000670 *** 0.00710 ***
(-18.16) (7.92) (8.29) (8.76)
Capitalization 0.0515 *** 0.539 *** 0.0683 *** -0.106 *
(9.82) (9.58) (11.24) (-1.97)
Diversification 0.0136 *** -0.0340 *** 0.00606 *** 0.0638 ***
(8.30) (-4.07) (4.31) (4.66)
Lending 0.0163 *** 0.00845 -0.000204 0.0121
(20.32) (1.25) (-0.23) (1.44)
Credit risk proxy 0.212 *** -1.018 *** -0.647 *** -7.240 ***
(9.69) (-7.60) (-25.45) (-24.13)
TCR -0.0167 *** 0.181 *** -0.0230 *** -0.160 ***
(-5.74 (5.86 (-6.94 (-5.33
Inflation 0.000154 *** -0.000641 *** 0.000283 *** 0.00342 ***
(4.41) (-3.80) (7.65) (8.37)
Real GDP growtt -0.000167 *** -0.00246 *** -0.000314 *** -0.00394 ***
(-3.63) (-8.64) (-5.26) (-6.05)
(-5.74) (5.86) (-6.94) (-5.33)
Short IR 0.00682 *** -0.00191 0.00849 *** 0.0925 ***
(9.21) (-0.49) (9.99) (9.72)
Short IR? -0.00125 *** 0.000395 -0.00152 *** -0.0165 ***
(-8.93) (0.54) (-9.44) (-9.17)
Long IR 0.00114 *** 0.000295 0.000505 *** 0.00519 **
(8.86) (0.49) (3.45) (3.12)
Constant 0.0321 *** -0.0721 *** -0.00455 *** 0.00842
(26.24) (-7.22) (-3.47) (0.62)
Observations 50,148 50,148 50,148 50,148
R? 0.28 0.44 0.2€ 0.27
Test of endogenei*  F(6,3581) = F(6,3581) = F(6,3581) = F(6,3581) =
128.27¢ 40.928: 38.681: 44.081
p-value=0.000 p-value=0.00 p-value=0.00 p-value=0.00

Notes; t statistics in parentheses;p ¥ 0.05, ** p < 0.01, ***p < 0.001; #H,: variables are exogenous
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Table A.10. Pooled OL S estimates of the bank risk-taking models (with instrumental variables,
exactly identified equation)

TCR PCL

Size -0.00184 ** 0.000280 ***
(-3.02) (6.25)

Capitalization 1.627 *** 0.00459
(44.18) (1.62)

Diversification -0.0609 *** 0.00211 "
(-7.04) (2.10)

Lending -0.207 *** 0.00242 ***
(-37.26) (5.82)

Credit risk proxy -0.517 ***
(-4.72)

TCR -0.00483 ***

(-3.42)

Inflation -0.00156 *** 0.000442 ***
(-5.50) (9.71)

Real GDP growtt -0.00566 *** -0.000454 ***
(-17.77) (-6.87)

Short IR -0.0487 *** 0.0203 ***
(-10.40) (20.75)

Short IF2 0.00906 *** -0.00387 ***
(10.16) (-20.63)

Long IR -0.00595 *** 0.00242 ***
(-7.05) (12.56)

Constant 0.204 *** -0.0131 ***
(26.85) (-13.57)

Observations 50148 50148

R? 0.7¢ 0.12

Test of endogenei? F(5,3581) = F(5,3581) =
43.949 78.84¢
p-value=0.00 p-value=0.00

Notes: t statistics in parentheseg) ¥ 0.05, ** p < 0.01, ** p < 0.001; *Ho: variables are exogenous
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Table A.11. Within estimator estimates of the bank profitability models (with instrumental variables,

exactly identified equation)

NIM Profit ROA ROE
Size 0.000451 * 0.00660 *** 0.00358 *** 0.0318 ***
(2.02) (5.14) (14.17) (11.90)
Capitalization 0.0844 *** 0.489 *** 0.0369 ** -0.396 **
(5.12) (4.04) (2.93) (-3.23)
Diversification -0.00577 *** 0.00291 0.00438 ** 0.0406 *
(-3.79) (0.45) (2.67) (2.17)
Lending 0.0211 *** 0.0212 0.0111 *** 0.120 #***
(9.65) (1.33) (6.61) (7.13)
Credit risk proxy 0.129 *** -0.632 *** -0.696 *** -7.933 ***
(7.29) (-9.16) (-26.54) (-23.21)
TCR -0.0241 * 0.0965 -0.0132 -0.0861
(-2.08) (1.12) (-1.55) (-1.03)
Inflation -0.0000735 -0.00262 *** -0.000137 -0.00239 **
(-0.97) (-5.41) (-1.78) (-2.79)
Real GDP growtt -0.000919 *** -0.00378 *** -0.00100 *** -0.0120 ***
(-7.54) (-5.12) (-7.66) (-8.30)
Short IR -0.0264 *** -0.154 *** -0.0395 *** -0.494 ***
(-4.32) (-4.58) (-5.79) (-6.35)
Short IR? 0.0562 *** 0.264 *** 0.0876 *** 1.066 ***
(5.57) (4.89) (7.63) (8.07)
Long IR 0.00180 *** 0.00602 *** 0.00253 *** 0.0302 ***
(10.72) (7.22) (12.48) (12.33)
Observations 50,148 50,148 50,148 50,148
Number of banks 3,582 3,582 3,582 3,582
Centered |2 0.33 0.28 0.38 0.35
Under identification
Kleiberger-Paap rk LM statistic  x2(1)=278.63, x%(1)=278.63 x%(1)=278.63 x%(1)=278.63
p-value=0.000 p-value=0.000 p-value=0.000 p-value=0.000
Weak identification
Crag¢-Donald Wald Fstatistic 274.7% 274.77 274.77 274.7%
Kleiberger-Paap Wald rk 0.20 0.2C 0.2C 0.2C

statistic

Notes: t statistics in parenthesesp* 0.05, ** p < 0.01, *** p < 0.001; First-stage, cluster robust F-statistics are gitwgn
F(6,3581)=3779.04 (Size), 1123.13 (Capitalizatid@3.58 (Diversification), 4115.95 (Lending), 22B @redit risk proxy), 490.94 (TCR).
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Table A.12. Within estimator estimates of the bank risk-taking models (with instrumental variables,
exactly identified equation)

TCR PCL
Size -0.00485 *** 0.00202 ***
(-4.02) (8.12)
Capitalization 1.380 *** -0.00471
(47.42) (-0.74)
Diversification -0.0285 *** -0.00740 ***
(-3.93) (-4.18)
Lending -0.181 *** 0.00902 ***
(-36.30) (9.04)
Credit risk proxy -0.0780
(-0.97)
TCR 0.00180
(0.47)
Inflation -0.00506 *** -0.000461 ***
(-17.30) (-5.06)
Real GDP growtt -0.00704 *** -0.00145 ***
(-11.51) (-11.05)
Short IR -0.294 *** -0.0571 ***
(-8.00) (-6.71)
Short IF? 0.446 *** 0.134 ***
(7.27) (9.45)
Long IR 0.00469 *** 0.00531 ***
(4.87) (24.28)
Observations 50,148 50,148
Number of banks 3,582 3,582
Centered R 0.63 0.13

Under identification

Kleiberger-Paap rk LM statistict

x2(1)=432.87

¥?(1)=276.11

p-value=0.000 p-value=0.000
Weak identification
Crag¢-Donald Wald Fstatistic 841.41 330.4%
Kleiberger-Paap Wald rk F statisti 22461 0.24

Notes; t statistics in parenthesesp*< 0.05, ** < 0.01, *** p < 0.001; For the TCR model, the first-stage, cluster-rolftatistics are
given by: F(5, 3581) = 4516.61 (Size), 1332.62;pi@dization), 573.06 (Diversification), 4912.17€hding), 274.23 (Credit risk proxy). For the
PCL model: F(5, 3581) = 4435.73 (Size), 1293.54pfta¢ization), 556.94 (Diversification), 4940.7 1€hding), 584.65 (TCR).
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