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1. Introduction

The latest recession, initiated by the banking crisiB00B, revives the issue of how sensitive
bank profits are to the business cycle. The banking amsited down a large part of the

value of bank assets all over the world. This meltdstanted with poisoned assets, notably
subprime mortgages of US banks, but quickly spread to kes#tsain other countries and a
crash of global stock markets. The bank credit crunchftllawed affected the global real

economy which suffered from the deepest recession giec&reat Depression of the 1930s.
The big question now is whether this recession will eausew wave of bank losses, which

would come on top of the losses already incurred by tlteloren of bank assets.

Several studies demonstrate the existence of a sigmifrelation between the business cycle
and bank profitability. Demirgiic-Kunt and Huizinga (1999) waneong the first to relate
bank profits to macro-economic indicators such as@dP per capita. Based on aggregate
data of the banking sector in a number of OECD countigger and Hu (2002) estimate the
relation between bank profitability and real GDP growktore recently, Albertazzi and
Gambacorta (2009) report a significant relation betweeasd GDP growth and bank
profitability. Athanasoglou et al. (2008) find a positive tiela between the output gap and
the profitability of a panel of Greek banks.

Among the different components which define bank profitgre than one may be
responsible for the co-movement with the business cialst, procyclicality of bank profits
may be caused by the procyclical nature of lending tqthate sector. In most empirical
studies, bank lending to the private sector is found to depehhst on GDP (e.g., Calza et
al., 2006, Sgrensen et al., 2009, Jiménez et al., 2009). S&améhsses may increase during
economic declines. This is confirmed by Laeven and Majn@@03), Bikker and
Metzemakers (2005) and Bouvatier and Lepetit (2008), who rdportdgative co-movement
of loan loss provisions with the business cycle in a lggeel of individual banks. The
negative co-movement of loan loss provisions is confirimg Quagliariello (2007), who also
detects a positive relation between real GDP growth laadlaw of new bad debt in a panel
of Italian banks. This result is supported by Salas anudirga(2002), who investigate the
effect of real GDP growth on the amount of probleank® faced by Spanish banks. Besides



measuring the effect of macroeconomic variables on proldans faced by banks, a rich
literature shows that macroeconomic variables exjlaih of the variation in default ratés.

Marcucci and Quagliariello (2009) stress that researdisars not explored the possibility of
asymmetric effects of bank credit risk during the busiogste. They fill this gap by means
of a dataset with Italian banks’ borrowers’ defautesa They find evidence that the relation
of the output gap and default rates is subject to a regwmiteh, such that the effect of the
business cycle on the probability of default on bank laarsgnificantly more pronounced

during severe economic downturns.

Our paper contributes to this literature in four diffénesspects. First, we derive a theoretical
model for bank profits, that takes into account thatcthaposition of all outstanding loans at
the current period results from the accumulation afidsoaxtended in previous periods, on the
one hand, and the survivor rate of these loans (dependirgptbnamortization and loan
losses), on the other. Second, we do not only estithatpro-cyclicality of total profits but
also of the three components that define it: net esteincome, other income, and net
provisioning plus other costs. Third, we test this relatignsising two types of panel data:
aggregate bank data for 17 countries over three decades awnduatibank data for 19
countries over a period of 18 years, respectively. Fowmehassess whether the degree of pro-
cyclicality of bank profitability is stronger for deepcessions than for mild ones.

Our results confirm that bank profits are pro-cyclicat &ind that this pro-cyclicality is
stronger for deep recessions than for mild ones. Thimm@etric effect is found for aggregate
and bank specific data. Among the different componentsaok profits, net provisioning is
the driver behind this asymmetry. We find evidence that eaclkepecontraction of real GDP
during severe recessions leads to a 0.24 percent decreestirim on bank assets. Also,
severe recessions are found to have a persistent regdféct on bank profitability for
aggregate bank data.

The setup of the paper is as follows. First, data ancesstylized facts are discussed in
Section 2. Section 3 presents our model. Section 4misege estimation results, both for the

! See for examples of empirical studies Jacobson et al (2088ién et al (2010) and Duffie et al (2007). See
Pesaran et al (2006) for an implementation of macro vadabla credit loss model.



aggregate data and the individual bank data. Section 5 givieseapretation of the findings
in terms of the pro-cyclicality of bank profits, aftghich Section 6 concludes.

2. Data and stylized facts

Two types of bank data are used in the empirical pattisfaaper: aggregate bank data and
individual bank data, respectively. The aggregate bank dafeoaredhe OECD and comprise
17 countries. This is an unbalanced panel dataset over three decades 19794200TinTber

of observations ranges from 13 for Australia to 28 forn@eay, Netherlands, Spain and
Switzerland (Table 1a). Figure 1 shows bank profitaBilioy the eight countries for which
data are available for at least 21 observations, as aseth decompositin This figure
indicates that the component net provisioning and othes é®stn important driver of the
variability in profitability, though this does not hold fdt eountries. The contribution of net

interest income shows a downward trend, indicatingfatshother banking activities.
[insert Table 1a and Figure 1]

The individual bank data are from BankScope. We selectgd Bommercial banks, saving
banks, cooperative banks, real/mortgage banks and investraels, leaving out bank
holdings to avoid double counting. Profits before tax,imgfrest income and other income
(both scaled by total assets) were trimmed at the Oawd 99th percentiles to exclude
outliers. Next, as the panel data are unbalanced (Figuba2is were selected if at least five
observations were available for the estimation (tmglies that, given the use of one lag of
the bank variables in the estimation, at least six use observations had to be available).
The selection procedure resulted in an unbalanced paneletdaifsl6,453 bank-year
observations from 19 different countries (Table 1a). @encial banks form the bulk of the
sample (Table 1b). The median ratio of profit bef@avedver (the lag of) total assets is 0.76%
for the individual bank sample, while it is 0.72% for #ygregate sample (Table 1c).

2 Australia, Belgium, Canada, Denmark, Germany, Finl&nance, Italy, Japan, Netherlands, New Zealand,
Norway, Austria, Spain, United States, Sweden and Stetmk Appendix B gives detailed data sources and
definitions.

% Return on assets, defined as net income before taxataéassets.

* Although data were available for the whole sampleed®m has been excluded from this figure because of
obscure observations for net provisions in the OECDbdatafrom 1991 to 2001.



[insert Figure 2, Table 1b, Table 1c]

Figure 3 shows the stylized bank balance sheet whitte istarting point in our analysis. On

the asset side we have loans and non-interest earneig.abse bank is funded by deposits
and bank capital. In order to account for deviations ftioisiclassical type of bank business,
we include the term ‘other (net) interest bearing liab#giti which encompasses components

such as net borrowing from banks, the central badi(iaet) securities holdings.

[Insert Figure 3]

The correlation matrix (Table 1d) shows that the vaemlhat are most strongly correlated in
the aggregate bank dataset are not the same variablear¢habostly correlated in the
individual bank dataset. For example, deposits and loansstemagly correlated in the
aggregate data (0.865), while they are not (-0.057) in theidhail data. This is due to the
different level of aggregation of the data. Individualksamay lend surplus deposits to other
banks, without affecting the former's lending actastito non-banks. However, at the
aggregate level, lending activities to non-banks must dreclated to the availability of
deposits. In accordance with this explanation, theetaiion between deposits (loans) and
other net interest bearing liabilities is negative (i for the individual bank data, but

close to zero for the aggregate bank data.
[Table 1d]
The macro economic data and interest rates are fitoen QECD database. Detailed

information on the exact source of the individualeg@and the definitions of the variables is

given in the overview in appendix B.

3. The model

Our starting point of the analysis is the bank’s inestatement and a simple bank balance

sheet. Omitting any subscripts for individual banks in ouatiat throughout the paper, we

may write for the bank’s profit (before taxes):



(1) nt:NIIt_BLt+OIt_OCt

whereNIl denotes net interest inconiét, bad loan losse$)l other income and OC operating
costs. Other income)({) encompasses net fees and commission income, net tiadomge,

and results from financial transactions.

In correspondence with earlier research we scale equélt) by total assets. However, the
amount of total assets is very likely to be affectednlagro-economic and financial variables.

For example, Adrian and Shin (2010) observe that bankstéeactively manage the amount

of total assets on their balance sheets. In ordgrdvent the change in total assets from
obscuring the estimation results we scale by totataasse¢he beginning of the period.().

In the remainder of this section, we discuss our assangptfor the different profit

components.

3.1 Net Interest Income

Net interest income is given by interest income minterést expenses:

(2)  Nlly=r_tL —rp Dy,

whereL; andD; denote the outstanding amounts of loans and depoditedralance sheet.

We assume that the maturity of deposits is short, thaththe interest rate paid on deposits
(rp) depends on the current interest rate only. Profitimiaing banks set their deposit rate at
a level equal to the short-term risk-free rafeninus a reduction for the marginal operating

costs of managing deposits,

(3) fdt =TIst “Cp-

In contrast to the rate paid to deposit holders, therneteived on the loan portfolio ) is a
weighted average of lending rates on loans in the muryear and preceding years

(h N --). Foraloan in a particular year, the lending ratassumed to be set as a mark-

up over the risk-free capital market rdte ;) , where the mark-up compensates for operating



expenses(c, ), expected default lossgd €) and risk (k). Hence, following Cavallo and

Majnoni (2001), we specify for the lending rate in year

(4 ny=rge+o + 4K

The weights of the lending rates for the differleran vintages (,, r,,_,, ...) in the average
lending rate on the loan portfolir_ ;) depend on the fractions of the different loanages

in the total loan portfoligey ;, & t-1, ...). The fraction of a loan vintage in the total loan
portfolio (&4 ¢—;) is subject to the current size of the loan padfothe amount of loans

originated during period—i and the annual survival rates of those loans.

The survival rates depend on both the natural nhatsiructure of a bank’s loan portfolio,
which we assume to be constant over time, and ni@uat of bad loans that is written off.

Thus the survival rate of loans from the precedyegr to the current yeard(_;) can be

defined as:

where A denotes the survival rate if loan-losses do netinc Assuming the probability of a
loan turning into a bad loan to be independenheflban’s maturity, we can write the weight
of loans from yeat —i in the total current loan portfolio as:

N .
(6) AWt = xn)lt_j foriON,
' Lt J:]_

where NL;_; denotes the amount of loans originated during pefrioi . As a special case we

have the amount of loans originated during therent year as fraction of the total loan
portfolio, which is:



However, the interest income from loans in (7) hakedreated differently from the interest
income from loans originated during previous periods. If eveuld assume that the
origination of new loans is distributed uniformly over tyear, then the expected interest
income on new loans is onhalf of the lending rate for the current y&ain contrast, the
surviving loans from previous periods earn their full lendatgs. Thus, after combining (4),
(6) and (7) gross interest income on the loan portfalitaés:

1 o0
itk =50 (29 ¢ Oy + D0 ¢ Ly Oy
i=1

(8) 1 o i
:§r|,t(N|—t)+Zr|,t—i NLe—i > [] -
i=1 j=1

where the terms within brackets represent the sizéne loan vintages in the current loan
portfolio.

In order to relate bank profitability with the st&nof the business cycle, we introduce three
reduced form equations for loan-losses, new loadsdeposits, respectively. As measures of
the stance of the business cycle we take curretithestorical rates of real GDP growth

(Yts Yt-1, - Yi—i) and the current rate of unemploymdot). As the amount of loan losses

is likely to increase proportionally with the siaéthe loan portfolio, we scale loan-losses by
the amount of loans at the beginning of the perl postulate the first reduced form
equation as follows:

BL; _
Li-1

9) fr (Yo Yeets - Yioi k) -

Since firms’ profitability declines during recesssowe expect more defaults on business
loans for lower real GDP growth rates. Also, lowiacome growth rates and higher
unemployment increases the number of defaults oswuer loans. Thus the expected signs

® Data on the amount of loans and deposits are endriofgures.



for real GDP growth rates are negative and the expeigedfor the unemployment rate is

positive.

The second reduced form equation describes the rate dbaeverigination as a function of

economic growthy; and the slope of the yield curg, defined as the difference between the

long-term interest rate and the short-term interstst ¢, —r).

NL
(10) L—‘=9t(yt,st)
-1

For real GDP growth a positive sign is expectedpdsitive relation between new loan

origination and real GDP growth is supported by,eGalza et al. (2006), Sgrensen et al.
(2009), and Jiménez et al. (2009). The slope ofytakl curve reflects the relative price of

long-term and short-term loans. A priori the sigipectation is ambiguous, as the effects of
this relative price on loan demand and supply awnteractive. Assuming that bank lending
is mostly long-term, a steep yield curve is expgédteslow down loan demand. However, a
higher interest rate margin for banks is expectedtimulate loan supply. The net effect is
therefore uncertain. Also, the slope of the yialdve is known to be a leading indicator of the

business cycle (see e.g. Estrella and Hardouu&€lsl).

The third reduced form equation writes deposit ghoas a function of the short-term interest

rate (positive sign) and the inflation raig)(

For simplifying purposes we assume a constant faamival rate (i.e.A_j (J=A=1-1°

for i0ON). Substituting (8), (10) and (11) into (2) resulefter some rewriting, in the
following equation for net interest income as apambion of total assets at the beginning of

the period (see appendix A for a derivation):



NIl Lq |1 i LA D;_ 1
(12) —t=—"tlxiZg [ ¢ + D N t—i | Ot—i X — 1X{(1+_h[jrd,t}
A1 A1 |2 zi | | Jl'_:llgt—j +A A-1 2

Equation (12) gives three important insights. First, tifleence of a change in the short-term
interest rate is likely to have a higher impact ondineent net interest income than a change
in the long-term interest rate. The current short-teate affects the rate paid to both old and
new deposit holders. The current long-term rate only &ffée rate received on new loans
originated during the current period. Second, the curregttierm rate has a more persistent
effect on net interest income: a drop in the currengdterm rate will depress net interest
income as long as loans originated during the current peregat of the bank’s loan

portfolio. Third, as a consequence of scaling net intemresdme by total assets, the

coefficients of the macro-economic variables are aleighted by loans and deposits over

total assets.

3.2  Loan Losses
Rescaling equation (9) by total assets results in the foltprelation between loan losses and

the business cycle:

BL L
(13) — L =L f(y yiq, Vi ).

3.3  Other income

As other income typically comprehends fees andrmeérom trading on financial market, we
assume it to be a function of local stock marketirres and current long and short-term
interest rates. In addition to stock market growth,also add stock market volatility, which
positively affects trading volumes. Finally, higlcomomic growth is expected to be

favourable for other income:

Ol
(14) At_tl :O(I’m’t,a'm,t ,I’f t ,I’S,t ,yt ,yt_]_ )

where ry,; is the return on the local stock market index lgding dividends) andoy,; the

coefficient of the monthly variation in stock retsr

10



3.4  Operating costs
From equation (3) and (4) we have that operating expense=agacwith the amount of

deposits and loans due to the costs of managing degositsand loangc, ). However, the

effect of macro economic conditions on operating cdstsambiguous. For example,
unfavourable economic conditions may raise the cost®kdcting payments on loans, but
then also fewer new loans will be originated (equation IQjs is why we refrain from
modelling the effect of economic conditions on operatimgts. On the other hand it would be
to restrictive to presume that none of the variablegingaa relation with new loan
origination, loan losses and other income has antioelavith operating costs. Therefore, we
estimate an empirical relation between these vasadhd operating costs, without any sign
predictions. Again, we scale operating cost by bank assets.

oG Lia L Li-1 Li-1 D1,
(15) :C[ , Yo () Yi-i iy Y s Yt Fet Tst Tmt Imyt
A A-1 A-1 A AL AL omE
3.5 Empirical specifications
For the empirical estimation we further assume s#vinear approximations for the

functions introduced above. In order to obtain a firdeolapproximation of the model foet
i

interest income we deviate from model (12) by replacing the product tﬂm/(gt_j +)I)
j=1

by c! , with C some constant. This means that we neglect theéicideffect’ that high loan

growth in period-1 decreases the fraction of loans originated during pé&t2oid terms of the

loan portfolio in period-1. However, the ‘direct effect’ of the business cysfe new loan
origination is kept intact, sincey () and g,_; () are still allowed to vary through the
business cyclé.Taking first order approximations fog;_; (3 and h ()] in (12) and setting

101, 2, 3, ¢yields the following model (see appendix A for maletails):

® Although abstracting from the indirect effect is obvigussimplification, the impact of this simplification
should not be overemphasized. Since bank loans have @geaelong maturity, the size g‘t_j ([)] is small

relatively to the survival ratdl , which is the other term in the denominator in (12).

11



NIl 1y L1 B 3—1}
A-1 { At-1 A-1 A o

Li— 4

(16) +Att ixZi:o[rf,t—i Yi-i  S—i Te-i Bh-i Tr g Eﬁ]ﬁwﬁ
£l %rst re rstﬁk]ﬁ’s s Efsx]ﬁ#ft
Aaqg -7 7 7 A-1

where R _; is added to correct for ‘other interest-earning bank lizdsli Vector g, is part of

a linear approximation of reduced form equation (10) multiphgdthe lending rate in

equation (4). For the fourth and the fifth elementsginwe expect a positive and negative

sign, respectively, since economic growth and the stdpgbe yield curve are (according to
(10)) expected to have, respectively, a positive and negaélaion with new loan

origination. The second and third element in veggoare expected to have signs equal to the

signs of the fourth and the fifth element as theeddhce between the lending rate and the
long term rate is positive (i.ec, + f®+k in (4)). The sign of the first element in vect8ris
positive if the number of loans originated, given a zex@ GDP growth and a flat yield
curve, is positive (i.e., equation (10) wit}},s =0). Vectors g,, ..., B; refer to similar
approximations after multiplying with the loan survival (aje We expect these vectors’

elements to have signs equal to those of veflothe absolute values of these elements are
expected to decline relative to the elements in vegorVector S, is part of a linear
approximation of equation (11)For both the first element i, and the (single) element in
B, we expect a negative sign. For the remaining elemtw@sa priori signs are not

determined as they depend on the relative financing cagpafsits and other finance.
The empirical specification father income is a linear approximation of equation (14):

Ol
(17) L—t1:5o+[Yt ftt Tst Tmy Umx]51+5t-
t_

’ The interpretation of these coefficients is natigtitforward due to the inclusion & _, in the estimated
equation.

12



In contrast to net interest income and other incolokses on bad loans are generally not
observed directly from the income statement. Instdddsses on bad loans, we observe net
provisions. However, in bad economic situations provisia@iisshort of loan losses (e.g.
Laeven and Majnoni, 2003) and hence, part of these lossascarred directly as costs on
the income statement. It is thus likely to be amerishortcoming if one estimates the effect
of severe recessions on loan losses while usingragispns only. In order to include (most
of the) loan losses that occur during severe recepgionds we therefore consider the sum of
loan losses and operating costs, equations (13) and (15), for the empirical specification.
Moreover, we allow for non-linearity in the relatibetween loan losses and the business
cycle. Marcucci and Quagliariello (2009) report a more procedrrelation between the
business cycle and credit risk during severe economic dawgntimcorporating this important
finding, we allow for an asymmetric relation in theldaling equation for the sum of loan

losses and other cost:

BLi+OC _|; L Dt_l} +|_t_1><2 O - |
18 A { Aa A AL ;')[yt" -1~ )]y

L .
tixUtV4+[Yt fr Tst Tmp CVmyg 't]V5+Vt

+

where | is an indicator function for severe recessionsictwvrequals 1 ify,_; <a and O
otherwisé. In this relation the elements of vectoys, ..., ¥4 represent the cyclical and

possibly asymmetric effects on loan losses. Thesfficients are a linear approximation of

equation (9). Vectorgs, ..., y3 each contain two elements: the first element s the

standard effect of a ‘normal’ business cycle ardgécond element the additional effect of a

severe recession on loan-losses. Therefore, weefd to the second elements)yn ..., 3

as ‘recession slope dummies’. For both elementg of.., y53 we expect a negative sign. For
the (single) element in vectoy, the expected sign is positive since we expectgheni
unemployment rate to increase loan-losses. Thg é&ements in vectoys stand for the

cyclical effect on operational costs, for which reéain from any sign predictions.

8 This is the standard method to include slope dummies,ge6reene (2003), Heij et al. (2004).

13



The relation for total profit before tax is by defiai a combination of relations (16), (17)
and (18). The resulting relation (not written out feasons of space) is probably a ‘noisier’
one than the three distinct equations. Thus, when atstignthis relation one may expect
larger standard errors.

4. Estimation results

The first and second columns of Table 2 present thenasts for net interest income (i.e.
equation (16)) for aggregate and individual bank data, resgphctlables 3 and 4 present the
estimates for (i) other income (i.e. equations (17))|dan-losses plus cost (equation (18))
and (iii) the sum of the three profit components, iptadfore tax. Table 3 is for the aggregate
bank data, Table 4 for the individual bank data.

We selected variables using a variant of backward elimmawith the following rules.

Insignificant variables were removed. However, insigaiit variables were retained if their
lag(s) was (were) significant. Also, since our spedifierest is in the recession slope, all
(three) recession slope dummy variables were retaimedp&ctive of their significance.

Obviously, their corresponding real GDP growth variablestbdm retained as well.

For the aggregate bank data (17 countries over 3 decadepplyeganeralized least squares
(GLS), allowing for the presence of panel specific aut@tation in the error terms and
heteroskedasticity across panels. For the individuak lsataset, for which the number of
individuals is large and the number of observations peavithaéal relatively small, the within
estimator is used allowing for first order autocorrekaiin the disturbanceés.

[insert Table 2, Table 3 and Table 4]

In the following we discuss the results, first foe tinree profit components (Table 2, 3 and 4,
columns 1 and 2), next for total profits (Table 3 and 4,roal3). Aggregate and individual

° The Baltagi-Wu LBl statistics are around 1.4 indiogisignificant serial correlation in the residuals for the
individual bank data. This is why we apply the estimatémihnique from Baltagi and Wu (1999) for unequally
spaced panel data with AR(1) disturbances. Experimentstsiadvwur results are not very sensitive to this
correction for autocorrelation.

14



bank data results are thereby discussed simultaneogsiheafindings should corroborate
each other.

4.1  Net Interest Income

Considering the heterogeneity between individual bankbléT1c), the fit of the model for
interest income is relatively good, with an overdlld® 0.21. The coefficients for the long-
term interest rate (multiplied by loans over assets)sggnificantly positive with declining
magnitudes, which is more pronounced for the individual dsa for the aggregate data.
The declining magnitudes corroborate our theoretical spatign in (8) in which the long-
term interest rate effect on net interest incomdimes in time due to repayments of loans (as
well as the growth of the loan portfolio through tim&DP growth is found to have an
important effect on the quantity of new loans and tlogesbn the significance of the long-
term interest rate in that particular year, which cordg our theoretical expectations (see
Figure 4). The slope of the yield curve is found to havegative effect on the quantity of
new bank loans and therefore restrains the positivetedfenigher long term rates on interest
income (see Figure 5).

[insert Figure 4]

[insert Figure 5]

Contrary to our expectations with respect to equation (&) GDP growth and the slope of
the yield curve are found to have opposite signs to thigraction terms with the lending
rate. This may be due to linearization of the reduced &xquations.

The short-term interest rate has a negative effected interest income, as expected. For the
squared short-term interest rate (equation 16) we find a@osaefficient in the micro data
sample.

4.2  Other Income

For this rather heterogeneous profit component thd fihed model (eq. 17) is weak, both for
the macro as the micro data sample. However, in sathples, the coefficient of the local
stock market index is significant and positive. This cordittmat other income, which partly

15



consists of investment banking fees, moves with thedfid¢ock market movements. Further,
a positive effect of (lagged) economic growth is found.

4.3  Loan losses and operational costs
Before we can estimate equation (18) for loan lossé®parational cost, which - as has been
mentioned before - have been taken together, wehage to define the ‘severe recession

dummy’ | which has a value of 1 foy,, <a and O otherwise. We determine the optimal

breakpointa as follows. First we use a rolling version of a ‘nfedi’ Chow break test in the
aggregate data: we calculate test statistics for tHenpoibthesis that severe recessions do not
have any additional impact or, more formally, we telsether thesum of the coefficients of
the recession slope dummies equals zero. FollowingiZeiteal. (2003) we then choose the
optimal breakpointa that maximizes the test statistic from the break s maximum test
statistic occurs at=-1.5%. However, for this value we only have six ‘severe rgioes
observations as recessions of that kind are rare. i®ecee as many observations as possible,
which is necessary for a sensible statistical arglyg choose = -0.5% for which we have

22 observations and the test statistic is nearly asdsgghe maximum (see Figure 6).

[insert Figure 6]

The recession slope dummy variables turn out to be hightyfisent in both samples, giving
support to the notion of asymmetric business cycle &sffen loan-losses. Severe recessions
increase net provisioning and cost more than moderate &uoether, in line with our

expectations, loan losses are significantly increasathbynployment.

We note that the timing of the asymmetric effect iedent for the individual and the
aggregate data. According to the aggregate data estimaessyimmetric effect is strongest
in the first yearafter the recession, while the individual data estimatesepythasis on the
asymmetric effect during the current period. Also the, simeasured by the sums of the
asymmetric effects over three years, is differenttie micro and macro samples: calculations

suggest that each additional percentage-point of real Gfakhe during a severe recession
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results in an additional loan loss of 0.9% or 0.3% ofctimeent loan portfolio according to the

aggregate and individual data, respectivély.

It may be argued that individual bank samples in particulay suffer from survivorship bias
as a result of the fact that failing banks drop outugshssamples in quite an early stage of the
bankruptcy process. Assuming that some survivorship biasssrmiren our dataset, it can be
expected to lead to an underestimation of the asymmefiect of recessions on profits,
because especially banks with strongly negative pr@fi€sng the reason of failure) are
underrepresented. Hence, the presence of any survivorshipmaigss our finding of a

significant asymmetric business cycle effect the mobeist.

4.4 Profit before tax

As expected, estimation of the relation for the suinthe above mentioned three profit
components, i.e. total profits before tax, results iatredly large standard errors. Indeed,
most long-term interest rate variables, which wereiSsgant in the net interest income
equation, lose their significance. Also, economic glolses its significance. The short-term
interest rate retains its significance in the micro daraple, though. The?®f the model for
profit before tax is quite low, if compared to thé & the model for interest income (0.04
versus 0.20 for the individual bank data). This is becausé prafides the components other
income and operating costs, which are very weakly exmglaineour model. It should be
stressed, however, that our main goal is not to achiesebest possible fit for the cross
section of individual bank profits, but to assess busiogde effects on bank profitability.

The recession slope dummy is significant for curreat &DP growth. The coefficient is
similar for both data samples and amounts to around @dAcd the fall in return on assets
due to an additional percentage-point decline in the cureahtGDP growth rate during a
recession is about 0.4 percentage-point multiplied byodue-to-assets ratio. For illustration
purposes we choose a loan-to-assets ratio of 0.40 andpteeeasymmetric effect of mild
versus severe recessions on bank profitability in Figurevhich is based on the aggregate
data estimation$. The figure shows a kinked line, suggesting that the negaffeet of

1% For the aggregate data the additional effect during seseessions equals).184- 0.446- 0.248 - 0.t and
for the individual data the effect equal®.387+ 0.119- 0.0638- O0..
 While the coefficient (0.4) is equal for all countridse toan-to-assets ratio differs between countries.

17



recessions on profits is stronger for ‘severe’ reoess(i.e., a GDP growth less than -0.5%)

than for ‘mild’ ones.

Finally, we should note that the figure gives a ratbgtimistic view’ for two reasons. First,
if one would rely on the estimations with the aggredpaiiek data, the greatest impact would
occur in the yearsfter the recession. However, this finding is not robusttfeg use of
individual bank data. Second, the assumed loan-to-assietsimderlying the calculations for
the figure is rather low, which leads to some underesomaif the effect of the business
cycle for countries with higher loan-to-assets ratios.

[insert Figure 7]

5. Conclusion

The current banking crisis and the concurrent severesieca®vive the interest in the issue
of pro-cyclicality of bank profitability. This paper coitiutes to extant research into this topic
in four different respects. First, we derive a theoattmodel for bank profits, that takes into
account that the composition of all outstanding loangha current period results from the

accumulation of loans extended in previous periods, oorieehand, and the survivor rate of
these loans (depending on both amortization and loarsjpssethe other. Second, we do not
only estimate the pro-cyclicality of total profits, bugaof the three components that define
it: net interest income, other income, and net provisioping operational costs. Third, we

test this relationship using both aggregate and individual baek Baurth, we assess whether
the degree of pro-cyclicality of bank profitability is@tger for deep recessions than for mild

ones.

This approach yields two main empirical results:

First, we find evidence for our theoretical predictibatta bank’s lending history should also
be taken into account when explaining its current rterest income. Specifically, long-term

interest rates from previous years are found to be impodeterminants, especially when
economic growth (and hence, lending activity) was redéitihigh at the time.
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Second, we find evidence that bank profits behave pro-ejlgliand that this co-movement is
especially strong during severe recessions. Among theretiff profit components loan-loss
provisioning is found to be the driver of this asymmetry. fil@ evidence that each percent
contraction of real GDP during severe recessions l@ad$).24 percent decrease in return on
bank asseté. Also, severe recessions are found to have a petsistgative effect on bank
profitability for aggregate bank data.

12 Estimated effect from the individual bank data seable 4:-0.01{ 0.5789(f 0.005 0.4)3 0.00
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Appendix A — Derivation of equation (12) and (16).
Dividing (8) by L;_;gives:

reebe (1 NL NL;
—=| = i+ DN
™ {2 L) Zn 1 |j

i=1

P
Rewriting ! to ! -+ gives:
L L-icaja L

r L o . L
Ltk :(E N'—tjn’ﬁzn,t_i NL; | <A t-j-1
Lia (2L - Li-i-1 | Li— |

i=1 =1
SubstitutingLy—j = NL;_j + A j—1L4—j-1 into the product term results in:
el _[1 NLtj if NL;— xli_l A-jlt-ja
| 5 [t=i
L1 (2L ) Li-i-a jop Nb—j A j-abe-j-1
Dividing the numerator and denominator of the faein the product term by _; 4

s :[1 NLtjr|t+zrlt S| s | A
L1 (2L-1 = L-i-1 jo

Subsequently substitute (5), (9) and (10) intordslt above. Also derive an expression for
interest expenses with reduced form equation (Assume that the increase in deposits
within a period is realized uniformly over time.lf&Sgquently rescale both the interest income

and interest expenses #&_; . Substituting both expressions into (2) yields:

NIy _ Ly

i A-f Dy_1 {( 1 j }
't xd = [ | i _ _ xd|1+=
Ny A { Ot L t+§,rl t- [gt J| |1gt—j oy ft—j—lJ} » +2h Dt

Assume_; ()=A =1 - £© gives (12):

N _ L o A _Bta 142
E_E { gtﬁj|t+21r|t .[gm Jlgt—j"‘/]} A {[1+2h[er’t}

Impose the restrictiow;_ (0= g on(12):
i
NI _ L A Di— [ 1 j
- t=_t41 I+ + -t 1+—
Ay A { Ot U ¢ Z‘irlt -i Ot '[g*+/l At—1x th Dt
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Add the ‘other net interest bearing liabilities’ tefjL, to the equation in order to correct for

deviations from the theoretical model in the bank balatweet data (see appendix B for
details orR 7).

e UL D IR )| B M N B

Take a first order approxmation fgr =ap+ay - +as & andh =hby +byrg; +bd;:

%zﬁ { [ao+a1[yt+a2E‘st]E|;+zirft “i[aotaih-i +ad%- ]( *+)Ij}

_%x{( ﬂ:%[bo +byrsy +b2it}j D I}_%{rRt}

Assume that the financing rate for ‘other net interestring liabilities’ (R_;) is given by
some linear function of the short term re(quegyt =d0+d1ms,t). Substitute (3) and (4) for

1l i and rD’t:
%[a0+a1[yt+a2Eﬁ]EEr”+k+cL+fe}+(,__)
00 i
(...)+Z|:rf,t—i +k+c +f J[ao+a15’t —i +a25ﬁ—l][ *_,_/J
i=1

_ zt-l x{( 1+%[b0 +byrg¢ +bit])[r81 _CD]}

-1

‘%{do +dy s}
Rewrite and restrictJ1, 2,3, 4

e Bl o 2 ot
] N R L | Ewet] S SR LE
o fads |2z futs
| e {3 22 - R o} 32 o R

Collecting terms into vectors and adding a consdadtan error term gives the model in (16),

where the terms between curly brackets representuttknown parameters in the model.
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Appendix B — Data Items

VARIABLE DEFINITION SOURCE?®
Macro data:
Real GDP ngWth yt Iog(GDR,constantprices, local currer)cy_ Iog(GDR—l,constant prices, local currer)cy OECD MEI
H 1 |Og GDP grOWthcurrent rices, local currendj
Inflation I : prices, OECD MEI
t ... —log GDP growtfy constant prices, local currency
Long term rate I'ft Long-term interest rate OECD MEI
Short term rate st Short-term interest rate OECD MEI
Market index growth mit (Stock market index- Stock market indey) / Stock market index OECD MEI
Local stock market s.d.(Monthly Stock market index)
C.V. Omyt mean(Monthly Stock market index) OECD ME|
Unemployment Ut Total unemployment (Total unemployment Total employmert  OECD MEI
?LIJ(:\F/)S of the yield S Long-term interest rage- Short-term interest rate OECD MEI
Aggregated data:
Profit before tax M Income before tax9) OECD BPS
Net interest income NIl;  Net interest incom&3) OECD BPS
Other income Ol Net non interest incomé) OECD BPS
Loan losses and costs BL +0C;  Operating expensel) + Net provisiong8) [i.e. (9)-(3)-(4)] OECD BPS
Loans Li; Loans; (16) — Bonds, (23) OECD BPS
Deposits D;—q4  Customer deposits(22) OECD BPS
, Borrowing from c.b; (18) + Interbank deposits (19, [L]) +
getgfi:]n?;gﬁizgzt R-1 ... —Cash and balance with g(14) + OECD BPS
9 ... — Interbank deposits (15, [A]) — Securitieg; (17)
Assets A -1 Balance sheet total, end year totgP5) OECD BPS
Individual data:
Profit before tax I'It Profit before tax BankScope
Net interest income NIl Net Interest Revenue BankScope
Other income Olt Other Incomg BankScope
Loan losses and costs BL +0C,  Profit before tax— Net Interest Revenue Other Income BankScope
Loans Lt -1 Loans.1 BankScope
Deposits D;—q1 Deposits and Short term funding BankScope
Other net interest . .
bearing liabilities R_-1  Other funding; — Other earning assets BankScope
Assets A1  Total Assets BankScope

13 MEI refers to Main Economic Indicators, BPS refer8ank Profitability Statistics.
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TABLES

Table 1la Distribution over country
COUNTRY N
Aggregate: Individual:
Australia 13 313
Austria 18 320
Belgium 26 345
Canada 19 312
Denmark 21 260
Finland 20 58
France 19 1,864
Germany 28 3,089
Italy 16 1,277
Japan 14 2,086
Netherlands 28 349
New Zealand 17 99
Norway 23 200
Portugal 0 199
Spain 28 991
Sweden 10 236
Switzerland 28 354
United Kingdom 0 1,267
United States 27 3,232
Total: 355 16,851

Table 1b Distribution over bank type
BANK TYPE N

Individual data:

Commercial Banks 8,911
Cooperative Bank 2,213

Investment Banks 790

Real Estate / Mo 1,360

Savings Bank 3,577

Total: 16,851
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Table 1c Summary Statistics

VARIABLE MEAN MEDIAN ST.DEV N
Aggregate data:

Profit before Tax Myl A 0.0076  0.0072  0.0065 355
Net Interest Income NIl¢/A  0.0214  0.0201 0.0090 366
Other Income Ol /A 0.0116  0.0110  0.0062 366
Loan losses and costs (BL+OC)/A-1 0.0252  0.0229  0.0101 355
Loans Li-1/A-1  0.4462  0.4417  0.1541 368
Deposits Di-1/A-1 05097 05039  0.1430 368
Other Net Interest bearing liabilities R-1/A-1 -0.2047 -0.2007 0.1037 368
Individual data:

Profit before Tax M/ A 0.0097  0.0076 0.0113 16523
Net Interest Income NIl / A 0.0239 0.0220 0.0139 16406
Other Income Ol /A 0.0138  0.0084  0.0198 16453
Loan losses and costs (BL, +OC)/A-1 0.0273 0.0246 0.0199 16219
Loans Li-1/A-1 05789  0.6138 0.2170 16737
Deposits Di-1/A-1  0.7676  0.8436 0.2077 16737
Other Net Interest bearing liabilities R-1/A-1 -0.2318 -0.2444 0.2986 16544

All variables are scaled by (lagged) total assets.
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Table 1d

Correlation Matrix

VARIABLE My NIl Ot BL+OG Ly D Ra
A-1 A-1 A-1 A Air Aa Aa
Aggregate data:
Myl A 1
NIl /A,  0.322 1
oL/A, 0568 0215 1
(BL+0G)/A,  -0009 0821  0.430 1
LA, 0224 0548 0.264 0.506 1
Doy/A, 0179 0500  0.143 0.419 0.865 1
R./A-1 -0.0675  0.1181 -0.1614 0.0522 0.1232 -0.0352 1
Individual data:
M/ A-1 1
NIl / Ay 0.521 1
Ol /A, 0400  0.145 1
(BL+0G)/A, 0181 0543  0.792 1
LA, 0113 0322 -0.186 -0.007 1
Doy /A, 0013 0266 -0.067 0.118 -0.057 1
R.i/A-1 0051 0058 -0.106 0.083 0.750 -0.663 1
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Table 2

Net interest income and macro economic vagab&imation results

DATASET: Aggregate data: Individual data:

1) @)
VARIABLES Net InAt\eSzrsee?tslncome se. Net InAt\eSzrsee?tslncome se.

1 1

[L+.1/Atq] * (Long term rate) -0.0204 (0.0334) 0.0661 (0.0529)
[L+.a/At4] * (Long term rate), 0.0988*** (0.0294) 0.0762*** (0.0221)
[Lt.a/Arq] * (Long term rate), 0.0607** (0.0298) 0.0421** (0.0204)
[Lt.a/Atq] * (Long term rate)s 0.0650** (0.0262) 0.0686*** (0.0187)
[Lia/Aca] * (Long term rate), 0.0266* (0.0153)
[Lt.1/Arq] * (Real GDP growth) -0.153*** (0.0415) -0.0753*** (0.0221)
[Lt.1/Arq] * (Real GDP growth), -0.0327 (0.0387) -0.0698*** (0.0206)
[Lt.1/Arq] * (Real GDP growth), -0.0810** (0.0374) -0.0474** (0.0189)
[Lt.1/Arq] * (Real GDP growth) -0.0433 (0.0360) -0.0314* (0.0162)
[Lt.1/Arq] * (Real GDP growth), 0.000981 (0.0166)
[Lia/Aca] * (Slope yield curve) 0.180** (0.0718)
[Lia/Aca] * (Slope yield curve), 0.0890** (0.0389)
[Lia/Aca] * (Slope yield curve), 0.0856** (0.0335)
[Lia/Aca] * (Slope yield curve) 0.0476 (0.0318)
[Lia/Aca] * (Slope yield curve), 0.0151 (0.0269)
[Lt.a/Arq] * (It rate*Real GDP growth) 2.662%** (0.575) 1.996** (0.413)
[Lt.a/Arq] * (It rate*Real GDP growth), 0.606 (0.463) 1.938** (0.368)
[Lt.a/Arq] * (It rate*Real GDP growth), 1.267** (0.454) 1.502%* (0.327)
[Lt.a/Arq] * (It rate*Real GDP growth) 0.536 (0.420) 0.584** (0.279)
[Lia/Aca] * (It rate*Real GDP growth), 0.0545 (0.237)
[Lia/Aca] * (It rate* Slope yield curvey) -2.547%** (0.914)
[Lia/Aca] * (It rate* Slope yield curve) -1.642%** (0.589)
[Lia/Aca] * (It rate* Slope yield curvey) -1.508*** (0.457)
[Lia/Aca] * (It rate* Slope yield curvey -1.165*** (0.424)
[Lia/Aca] * (It rate* Slope yield curvey) -0.394 (0.342)
[Dta/As4] * (Short term rate) -0.0444* (0.0265) 0.0116 (0.0554)
[Dea/Aca] * (Short term rate)*2 -0.654*** (0.250)
[Dt.a/As4] * (Inflation) -0.0665*** (0.0189)
[Dea/Aca] * (Short term rate*Inflation) 1.216%* (0.320)
[Re.i/Aea] * (Short term rate) -0.0763 (0.0485) -0.0749 (0.0508)
[Lta/Acd] 0.00153 (0.0050) 0.0137*** (0.00286)
[Dra/Aci] 0.00860** (0.0037) -0.0124*** (0.00241)
[Re-/Aea] 0.00787** (0.0038) -0.0171*** (0.00239)
Constant 0.0104*** (0.0012) 0.0107*** (0.000430)
Observations 331 14468
R? 0.576 0.114; 0.205; 0.208
Wald-Ch? [d.o.f.] 414.15%+* [17] -
Number of countries, banks 17 1399
AR coefficient; Baltagi-Wu LBl - 0.457; 1.431

Aggregate data: Generalized least squares with heteestlepanels and panel specific auto correlatidris Ehe pseudo-
R°. Individual data: Least Squares with fixed bank effects anaR{1) error term. Ris given for within, between, and
overall, respectively. *** p<0.01, ** p<0.05, * p<0.1
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FIGURES

Figure 1

Decomposition bank profitability, per country
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Figure 2

Distribution of observations over time
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Figure 3

Stylized Bank Balance Sheet

Loans L Deposits D

Non interest earning assets Other (net) interestrigekabilities R
Bank capital
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Figure 4

Mean marginal effect of the long term rate on inter@some in relation to real GDP growth,
given a loan-to-asset ratio of 1. As real GDP growtitaases, the long term rate becomes
more important. The figure is based on individual data. ddtéed lines represent the 95%

confidence interval.
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Figure 5

Mean marginal effect of the long term rate on indeiecome in relation to the slope of the
yield curve, given a loan to asset ratio of 1. As th&lyerve becomes steeper, the long term
rate becomes less important. The figure is based avidodl data. The dotted lines represent
the 95% confidence interval.
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Figure 6

The figure shows the Wald test statistic for the nupidifiesis that severe recessions do not
have any additional impact on bank profits. The testpea®rmed on the model for return on
assets estimated for the aggregate data (Table 3, colunmfh&)choice of the optimal
breakpointa is based on a trade-off between the size of thestasstic and the number of

observations on severe recessions (i.e. real GDP lgsowaller thara).
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------ 1% significance leve| ===\ || hypothesis: sum coefficients of recession duesnequals zero
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Figure 7

The effect of GDP growth for a representative countith \&a loan-to-assets ratio of 40%,
based on the bank profit model estimated with aggregate Tatadotted lines represent the

95% confidence interval.
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