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This paper explores the extent to which interest risk exposure is priced into bank margins. Our contribu-
tion to the literature is twofold: First, we extend the Ho and Saunders (1981) model to capture interest
rate risk and expected returns from maturity transformation. Banks price interest risk according to their
individual exposure separately in loan and deposit intermediation fees, but reduce (increase) these
charges for loans (deposits) when positive excess holding period returns from long-term exposures are
expected. Second, we test the model-derived hypotheses not only for the commonly investigated net
interest margin but also for interest income and expense margins separately in a sample encompassing
the German universal banking sector between 2000 and 2009. Our results suggest that banks price their
individual interest rate risk and corresponding expected excess holding period returns via the asset side
into the net interest margin. For liabilities, we find that interest rate risk exposure is only priced in by

Term transformation

Interest rate risk

Optimal loan and deposit intermediation
fees

smaller, local banks.

1. Introduction

The theory of financial intermediation attributes a number of
activities, commonly referred to as qualitative asset transforma-
tion, as core functions to banks (e.g. Bhattacharya and Thakor,
1993). These activities encompass credit risk, liquidity and matu-
rity transformation.” Maturity transformation evolves in most cases
as a consequence of the provision of liquidity when fixed-rate long-
term loans are financed using short-term deposits. The resulting
maturity gap can be attractive for banks when term premia are pres-
ent in the yield curve. Banks have incentives to increase their matu-
rity gaps in order to boost profitability through increased interest
income, which is known as the “lure of interest rate risk”
(Greenbaum and Thakor, 2004, p. 138). However, by doing so, banks
increase their interest rate risk (IRR) exposure and become vulnera-
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! We will use the notion of maturity and term transformation interchangeably.
Although maturity is not the appropriate risk measure, maturity transformation
evolved as a synonym for what can be referred to more generally as term
transformation. Bhattacharya and Thakor (1993) address this issue.

ble to a reversal of the yield curve. This exposure can be distin-
guished with regard to its effects in two ways (Hellwig, 1994):
First, reinvestment opportunity risk, i.e. the risk of having to roll over
maturing contracts at a possibly disadvantageous rate. Second, valu-
ation risk, i.e. the risk that changes in the yield curve reduce the net
present value of a bank’s loan and deposit portfolio.

Recent financial intermediation theory suggests that banks
operate with excessive maturity mismatches (e.g. Segura and
Suarez, 2012; Brunnermeier and Oehmke, 2013). Although these
models focus on financial intermediaries’ vulnerability to liquidity
shocks such as the current financial crisis, they additionally verify
intermediaries’ exposure to increasing interest rates in “normal”
times due to the interlinked roots of liquidity and maturity trans-
formation.” Recently, discussions about the existence of the bank
risk-taking channel (Borio and Zhu, 2012), i.e. that low levels of
nominal policy rates encourage financial intermediaries to take
higher risks (and increase leverage), have gained attention. There-
fore, discussions of new macroprudential regulatory frameworks
include linking monetary policy and banking regulation in such a
way that central banks should be prompted to consider higher policy

2 For a brief theoretical comparison of interest rate and liquidity risk management
see Brunnermeier and Yogo (2009).



rates once the current turmoil is over (e.g. Blanchard et al., 2010).
Rising interest rates in response to such a change in central bank pol-
icy would directly result in the aforementioned consequences of IRR.

Seminal models such as Ho and Saunders (1981) and Froot and
Stein (1998) imply that banks should charge intermediation fees
for the risks they keep on-balance. This paper examines the nexus
between banks’ involvement in maturity transformation, their
profitability, and the intermediation fees they charge as risk com-
pensation. First, we present a theoretical model which facilitates
an analysis of the determinants influencing fees when banks
engage in maturity transformation. Second, we test the model-
derived hypotheses empirically by examining bank margins.

For our analysis, we extend the dealership model initially devel-
oped by Ho and Saunders (1981) to determine the factors that
influence intermediation fees when a bank’s balance sheet shows
maturity mismatch. In the original Ho and Saunders model, a bank
is viewed as a pure intermediary between lenders and borrowers
of funds that sets prices in order to hedge against asymmetric
inflows and outflows of funds. Assuming loans and deposits have
an identical maturity, IRR only arises when loan volume does not
match deposit volume and the existing volume gap is closed using
short-term money market funds. Rolling over maturing short-term
positions creates reinvestment (refinancing) opportunity risk.
Maximizing expected utility, the bank charges fees that increase
with the volatility of interest rates as a means of compensation
for the potential losses.’

We relax the assumption of identical loan and deposit maturity.
In our model, loans and deposits cannot, then, perfectly offset IRR,
and exposure is not determined solely by interest rate volatility,
but additionally by the bank-individual exposure captured in the
bank’s maturity structure, i.e. its maturity gap. As a consequence,
banks increase (decrease) loan (deposit) fees with the size of the
maturity mismatch. The economic rationale is that banks with
higher interest risk exposure from holding long-term loans in their
portfolios charge higher loan fees as risk compensation and bid
more aggressively on deposits by lowering deposit fees rather than
having to raise funding in the very short-term money market.

However, when positive valuation gains—so-called positive
“holding period returns” above the money market rate—from
long-term exposures are expected, banks partly reverse their pric-
ing behavior by lowering (increasing) loan (deposit) fees. The ratio-
nale is that banks are already partly compensated for taking the
risk from long-term loans by these returns (in expectation), which
allows them to charge lower fees. For deposits, which are also char-
acterized by longer maturities than the money market account, the
opposite holds as this represents a liability position. The sum of the
loan and deposit fees is the net fee income which increases with
interest rate volatility and maturity mismatch and decreases with
positive expected excess holding period returns from maturity
transformation, given that banks have a positive maturity gap.

For the empirical analysis of the impact of maturity transforma-
tion on bank fees and their determinants, we utilize a comprehen-
sive dataset of the entire German universal banking sector

3 A series of authors extend the model: McShane and Sharpe (1985) shift interest
uncertainty from loan and deposit returns to money market rates. Switching the
source of risk involved a change from price to rate notation, which succeeding authors
adopted. Allen (1988) considers two different types of loans with interdependent
demand functions. Carb6 and Rodriguez (2007) regard this second asset as a non-
traditional activity and investigate how specialization and cross-selling behavior
between assets influence several bank spreads instead of focusing solely on interest
margins. Angbazo (1997) additionally attaches credit risk to the interest rate risk
associated with the bank’s loans and derives a risk component that depends not only
on the volatility of risk sources, but also on the co-movement thereof. The operating
cost needed to provide intermediation services is taken into account by Maudos and
Fernandez de Guevara (2004). Finally, Maudos and Solis (2009) combine the
independently derived two-asset-type models and all other extensions into a single
integrated model.

between 2000 and 2009. The German banking system is well-sui-
ted for this analysis. First, as Germany is a bank-based financial
system (e.g. Schmidt et al., 1999), the bulk of liquidity is provided
via maturity transformation by financial intermediaries. The pre-
dominance of (long-term) fixed-rate loans intended to be held
until maturity instead of being securitized, and the strong reliance
on (demand and especially savings) deposits are specific character-
istics of the German banking sector. Therefore, German banks
appear to be vulnerable to IRR from maturity transformation
(Memmel, 2011). Second, IRR management is conducted more fre-
quently on-balance compared to market-based financial systems
which are more reliant on derivatives hedging.” Risk management
is implemented through buffer stocks of liquid assets and the inter-
temporal smoothing of non-diversifiable risks (Allen and Santomero,
2001), such as liquidity and interest risk, as well as interbank lending
in bank networks. The latter shield (smaller) banks in major banking
groups against monetary contractions and prevent them from having
to reduce lending as a consequence of large deposit outflows and
drastic balance sheet duration adjustments (Ehrmann and Worms,
2004).

In our empirical analysis, we not only test the impact of the
optimal loan and deposit fee determinants on the commonly inves-
tigated net interest margin (NIM), but are also the first to test the
hypotheses for the asset and liability side, i.e. interest income and
expense margins (IIM and IEM), separately. As model-derived opti-
mal intermediation fees economically represent the difference
between bank-set interest rates and fair market rates of the same
maturity, we use detailed supervisory data on bank assets’ and lia-
bilities’ maturities to create bond portfolios that mimic the matu-
rity structure of the bank. The coupon payments from these
portfolios control for the impact of market rates on the respective
margins in our analysis, which allows us to separate the impact of
the theoretical determinants on the fee portion of the margins.

We find the empirical results for the NIM to be consistent with
our model hypotheses, i.e. net intermediation fees increase with
the maturity gap and decrease with expected returns from matu-
rity transformation; however, the effects of the expected return
from maturity transformation are minor. All margins positively
depend on interest rate volatility, which contradicts the model-
derived hypothesis for the IEM. Disentangling the NIM into [IM
and IEM, we find strong evidence that banks price their maturity
gap and corresponding expected returns on the asset side, whereas
the model-implied effects for the liability side can only be found
for cooperative banks. Our results, therefore, imply that the effects
found for the NIM are mainly driven by the asset side.

The remainder of the paper is organized as follows. In Section 2
we derive the theoretical model with differing loan and deposit
maturities. An overview of the data and the institutional character-
istics of the German commercial banking sector is provided in Sec-
tion 3, where the variables used to proxy for the derived
determinants are also introduced. Section 4 presents the econo-
metric model (Section 4.1) and the empirical results. Institutional
differences in the banking sector are taken into account by investi-
gating three different sub-samples, for savings, cooperative and
other, mainly private commercial, banks. First, we examine the
commonly investigated net interest margin (Section 4.2), and then,
separately, the interest income and expense margin (Section 4.3).
Section 4.4 investigates the extent to which the previously derived

4 Allen and Santomero (2001) explain this difference between market-based
systems, such as the U.S., and bank-based systems, such as Germany, drawing on the
model of Allen and Gale (1997). The lack of competition from financial markets is
considered to be the basis for German financial intermediaries’ ability to manage risk
on-balance. Purnanandam (2007) finds that small U.S. commercial banks likewise
manage IRR less frequently via derivatives, but instead on-balance by adjusting their
maturity gap in line with interest rate changes.



results are robust to the financial crisis. Section 5 presents our con-
cluding remarks.

2. Theoretical model

In this section, we present an augmented dealership model of
Ho and Saunders (1981) that explicitly includes maturity transfor-
mation on account of loan maturity exceeding deposit maturity. To
incorporate the resulting valuation risk, loans and deposits are
modeled as fixed-rate contracts with different maturities, and thus
with different sensitivities to changes in the yield curve. To ensure
that the bank’s risk management decision that we are most inter-
ested in is kept as simple as possible, we adopt the price notation
of Ho and Saunders (1981) and Allen (1988) and focus on the pro-
vision of a single loan and a single deposit.”

The bank sets prices at which it is willing to grant loans (P;) and
take in deposits (Pp) at the beginning of the decision period before
the demand for loans and the supply of deposits can be observed,
and does not adjust them afterwards. Fees are set as mark-ups a on
deposits and mark-downs b on loans, in relation to what the bank
considers to be the “fair” price, p, and p,, of the given transaction:

Pp=pp+a, P.=p —b 1)

The fair price can be best thought of as the price of a coupon-paying
bond with identical risk characteristics as the underlying transac-
tion. Assuming that only loans bear credit risk, their fair price p;
is that of a (corporate) bond with an identical probability of default
and recovery rate, whereas the fair price of a deposit p, corresponds
to a default-free (government) bond of identical maturity.

We assume that the bank charges (demands) rates equaling par
yields, i.e. fair market rates, of the underlying bond, which implies
that the fair price of a new transaction is at par when it is initiated.
Consequently, the cost (and profits) of financial intermediation are
solely accounted for by the magnitude of the up-front fees a and b.
Mark-ups a on deposits and mark-downs b on loans result in an
effective yield to maturity below that of bond funding for deposits,
and above that of bond investing for loans.®

The bank’s initial wealth portfolio Wy at the beginning of the
period consists of three different portfolios: (i) long positions in
loans L, (ii) short positions in deposits D, and (iii) money market
funds M, which can take either long or short positions, all denoted
at market values:

Wo = Lo — Dy + M. (2)

The length of the planning horizon T is shorter than the maturities
of the loans and deposits. Thus, the values of the loan and deposit
portfolios in T are random due to unexpected changes in the yield
curve or in default risk, i.e. the returns until T of both the loan
and the deposit portfolio are subject to IRR, with the loan return
also being exposed to credit risk. Returns are the returns of the
underlying bonds, since intermediation fees are not considered as
they are charged in advance. Loans generate an expected rate of
return of r;, and deposits of rp until T. The uncertainty of returns

5 In the Internet Appendix we present a general multi-output model that
additionally incorporates non-traditional banking (NTB) activities as a second asset
class in line with Allen (1988), Carbé and Rodriguez (2007) and Maudos and Solis
(2009). This model is applicable to countries where NTB is more relevant than it is in
Germany, where NTB is still of limited, albeit increasing importance for the majority
of banks (e.g. Busch and Kick, 2009). The Internet Appendix also derives the general
model in more detail than this section, where we focus on the key steps and economic
intuition of the model set-up and of the results.

5 To illustrate bank pricing decisions, we give an example. Let us assume the bank
offers a two-year deposit and the par yield of a two-year bond equals 3%. The bank
will pay this fair interest rate to its depositors. However, the bank charges up-front
intermediation fees a of, let us say, 1.5%, i.e. the depositor has to deposit $101.5 for a
claim guaranteeing the repayment of $100. By doing this, the bank decreases the
effective yield to maturity paid on deposits below the fair market rate of 3%.

will be captured in stochastic terms Z. Interest rate risk in loans will
be displayed as Z,, credit risk as Zc, and interest rate risk in deposits

as Zp. All stochastic terms have an expected mean of zero and are
trivariate normally distributed N5(0, X), with variance-covariance
matrix X. If loan maturity is assumed to exceed deposit maturity,
normally-shaped yield curves lead, in general, to higher (expected)
returns on long-term bonds compared with short-term bonds, i.e. r;
> rp. In this case, loan values are more sensitive to changes in the
yield curve and their return volatility is higher than that of deposits,
i.e. 67 > o}. The rate of return on the money market account, by
contrast, is certain over the period and denoted r.

Managing loan and deposit portfolios generates operating cost C
each period, which is monotonically increasing functions of the
market values of the loan and deposit portfolios. The bank’s end-
of-period wealth is given by:

Wy = (1 +r+2Z +ZC>L0 - (1 +1p +ZD)DO +(141)M,
— C(Lo) — C(Do). 3)

The bank maximizes expected utility. The utility function U(W) is
twice continuously differentiable, with U’ > 0 and U” < 0 in order
to reflect risk aversion. In line with the previous literature, the
expected end-of-period utility, EU(W), is approximated using a sec-
ond-order Taylor series expansion around the expected level of
E(W) =W and given by:

— j pp—
EU(W) =U(W) +5U" (W) (07 +201c + 62)L§ ~ 2(dio + Gco)LoDo + 75D |.

2
(4)

where o denotes the covariance between the interest rate and
credit risk of the loan portfolio and 5 (6¢p) the covariance between
the interest rate risk (credit risk) of the loan and the interest rate
risk of the deposit portfolio.

When a new deposit Qp arrives, the overall volume of deposits
increases to Dy + Qp. As attracting deposits equals selling bonds at
a mark-up of a, the money market account increases to
Mo + Qp(1 + a). Assuming—analogously to the previous litera-
ture—that second-order terms of intermediation fees, expected
returns and operating cost are negligible, the increase in expected
utility due to a new deposit inflow is’:

AEU(W|Qp) = U'(W)[[(1 +1)(1+a) — (1+1p)]Qp — C(Qp)]
1

+§U”(W) [O’,ZJ(ZDO +Qp)Qp — (0 + 6cp)QpL].

(5)

where C(Qp) denotes the additional operating cost associated with
the new transaction.

Similarly, new loan demand Q; results in an increase in the
loans’ market values to Ly + Q; and a decrease of the money mar-
ket account to My — Q;(1 — b). The resulting increase in expected
utility under the same assumptions as before is:

AEU(W|Q,) = U' (W) ([(1 + 1) = (1 = b)(1 +1]Q — C(Qu))
U (W)[(6F + 201 + 02) 2L + Q)Q,
—2(0p + 0cp)Q.Do]. (6)

The bank sets loan fees a and deposit fees b to cover unexpected
losses from interest rate and credit risk. However, increasing the

7 Ho and Saunders (1981) and all succeeding models calculate the increase in net
wealth to be a Qp. However, we choose the intermediation fees to be earned in
advance and allow them to earn the risk-free rate (see Freixas and Rochet, 2008,
p. 232). The same approach is used for newly demanded loans.
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magnitude of fees demanded will limit the incentives of deposit
supply as well as loan demand. Transaction volumes Qp and Q;
are exogenously determined, but the likelihood of a new transaction
occurring will decrease with the magnitude of fees and follows
independent Poisson processes with intensity A:

I = o — iy x 0. 7)
AL =0 — /5,_ x b. (8)

The bank’s objective function, conditional to, at most, a single trans-
action occurring, is to set optimal intermediation fees so as to max-
imize its expected end-of-period utility, i.e. the problem of
maximization is as follows:

maxEU(AW) = (op — fip x a)AEU(WIQp)
+ (o0 — B x b)AEU(W|Qy). )

Rearranging first-order conditions, the optimal loan fee is

,1ﬂ+1 cQ) 1rn-r 1 U"(W)
C28 2Qu4n) 2(141) 4UW)
y [(O’IZ + 201(‘ + 0%) (2L0 + QL) — 2(0"3 + GCD)DO:I

b

(1+71) ’ (10)
and the optimal deposit fee
1oy 1 CQy)  1rp—r 1U'W)
2 2Q(1+r) 2(1+1) 4U (W)
N [03(2Do + Qp) — 2(0m + 0 cp)Lo] . (11)

1+471)

The optimal fees on loans a* and deposits b* both depend on four
components: (i) market power, (ii) an operating cost, (iii) an
expected excess holding period return, and (iv) a risk component.
Whereas previous models only observe the influence of three com-
ponents, the influence of the expected excess holding period returns
(r. —r) and (rp —r), respectively, is newly derived. This effect as
well as the new special structure of the risk component originate
from the bank’s risk transformation, encompassing maturity trans-
formation, as introduced in our model.

Market power. The competitive structure of the banking indus-
try is determined by the extent to which (the likelihood of) loan
demand and deposit supply are inelastic with respect to the inter-
mediation fees charged, represented by the factor p. With an
increasing ratio of o/, elasticity decreases and banks gain market
power which translates into higher fees.

Operating cost. The average operating cost C incurred per unit of
transaction volume Q, i.e. C(Q,)/Qy, with x =L,D for loans and
deposits, respectively, is passed on to lenders and borrowers as
in a standard monopolistic setting. For example, banks with higher
personnel costs associated with the new transaction or having
higher costs because they offer their customers more services such
as a more closely knit branch network will charge higher fees in
loans and deposits.

Expected excess holding period returns. In addition to cost,
banks also take expected excess holding period returns from risk
transformation into account when setting loan and deposit fees,
a new result derived from our model. With positive expected
excess holding period returns over the horizon T, i.e.
(rr —r>0) and (rp —r > 0), respectively, loan fees are reduced
and deposit fees increased. This means that banks are willing
to lower loan fees during periods in which granting loans is

expected to generate positive risk transformation income above
the risk-free rate (in the form of coupon payments on the under-
lying bond and possible valuation gains). All other things being
equal, higher expected excess returns compensate the bank more
for risk-taking and allows it to lower the loan fees demanded
from the customer to cover unexpected losses. For deposits,
the opposite holds, resulting in increased intermediation fees,
as they represent a liability position.

Qualitatively, we observe the same effect for expected excess
returns as for operating cost when a monopolistic supplier
(demander) determines the profit-maximizing price in the
Monti-Klein model of financial intermediation: expected excess
holding period returns in loans can be regarded as reductions in
marginal cost, and the expected profits are passed on to customers
in the same way as marginal costs are priced (Freixas and Rochet,
2008, pp. 57-59), and vice versa for deposits.

Risk component. The risk component consists of the product of
the bank’s absolute risk aversion (—U"/U’) and the bank’s overall
risk exposure from the perspective of the side of the balance sheet
the transaction is related to. Given positive risk exposure, banks
facing higher levels of risk aversion charge higher fees.

Egs. (11) and (10) reveal that fees increase with the total risk
exposure of the balance sheet side the initiated transaction belongs
to and decrease with the hedging ability of the opposite balance
sheet side. More specifically, loan fees increase with a loan’s inter-
est (07) and credit risk (¢2), as well as their covariance, and the vol-
ume of loans affected by such risks after the transaction occurs
(Lo + Q). However, fees are reduced when deposits hedge the
loan’s risk, i.e. by increasing covariance of the loan’s risk and the
interest risk inherent in deposits, (op + 6¢p), weighted by the vol-
ume of deposits Dyo. When deposits are being priced, the opposite
holds.

Ignoring credit risk, i.e. 62 = gic = d¢p = 0, the risk exposure in
loan fees behaves very much like a bank’s (modified) duration gap.
The modified duration gap measures the bank balance sheet’s sen-
sitivity to (small) changes in the yield curve by accounting for the
volume-weighted net effect of interest rate changes on assets’ and
liabilities’ present values. Ceteris paribus it increases with a longer
(shorter) maturity of the loans (deposits). Qualitatively, the same
holds for the risk components: We have gjp = 67 when loans and
deposits have the same maturity; thus, the interest rate risk of
deposits offsets that of loans in this case, with the exception of vol-
ume effects. When the loan maturity increases, we can expect
higher ¢? and a reduced hedging ability of the deposits, as the cor-
relation between respective returns tends to decrease with a
higher maturity difference. This implies that the risk component
increases, yielding higher loan fees b".

For the risk component in deposit fees, analogous consider-
ations hold; however, it is linked to a reverse duration gap as it
measures the risk of the deposit portfolio less the hedging ability
of the loan portfolio. This implies that the deposit fee a* decreases
with an increasing duration gap. The economic rationale is that
banks with high IRR from holding long-term loans in their portfo-
lios would be willing to bid more aggressively on deposits by offer-
ing more favorable rates.

In sum, loan and deposit fees are determined by the same four
components introduced above. Market power, operating cost and
the risk component have a positive impact on fees charged. Posi-
tive expected excess holding period returns show a positive effect
on loan fees and a negative effect on deposit fees, as a result of the
opposed positions—long vs. short—of their underlying portfolios.

As previous literature focuses on the pure intermediation spread
s*, defined as the sum of both intermediation fees, i.e. s* = a* +b",
its determinants are illustrated below:



1U" (W) [(67 +201c + 62)(2Lo + Q1) — 2(01p + 6cp) (Do + Lo) + 05(2Do + Qp)]

C(QD) > _1 . —TIp

Lo op) 1/ CQ) 1 1
S‘2(/sﬁﬁn)+2<QL(1+r>+QD<1+r> 200+ 4U(W)

It should be noted that the pure spread solely encompasses fees
related to transaction uncertainty (Ho and Saunders, 1981) but
does not fully represent the net interest income (NIM)—defined
as net interest income to total assets in the following analysis—in
our model. Owing to the different maturities of loans and deposits,
the interest payments from the underlying bonds usually do not
offset each other but contribute to the NIM as well.

The same four components, found separately in loan and
deposit fees, also influence the pure spread. Market power and
operating cost are simply the sum of the terms found in loan and
deposit fees, and can be interpreted as the bank’s overall market
power and operating cost from financial intermediation, respec-
tively. The expected excess holding period returns determining
loan and deposit fees (partly) offset each other and translate into
(rp —rp), the expected holding period return from overall risk
transformation. (1, —rp) can be expected to take positive values
in times of normally-shaped yield curves due to, in general, a posi-
tive maturity transformation. Hence, the bank is willing to lower
overall fees when it expects positive returns from maturity trans-
formation. The combined risk component rises in both the loan’s
and the deposit’s risks, always weighted by the new business vol-
ume after the transaction has taken place, (L + Q;) and (Do + Qp),
and is reduced by the covariance hedges times the volume of the
total initial interest-bearing business, i.e. (Do + Lo).

3. Data
3.1. The German banking system

To empirically test the predictions derived from our theoretical
model, we utilize a dataset covering the entire German commercial
banking sector for a range of ten years between 2000 and 2009.2
The time span contains substantial variations in the yield curve, with
steep and flat term structures.

The German banking system comprises three pillars where affil-
iation to a certain pillar is determined by ownership (e.g. Brunner
et al., 2004). The three pillars are private commercial banks, state-
owned banks and banks of the cooperative sector. The majority of
German banks belong to the last two pillars. State-owned savings
banks and cooperative banks operate each in geographically delim-
ited areas, and there is almost no competition between them
across local banking markets. In an international context, they
are small to medium-sized with only limited direct access to the
capital market. The business models of these banks are very homo-
geneous and mainly consist of pure intermediation services, as
assumed in the model. Income from maturity transformation con-
tributes substantially to net interest income (Memmel, 2011)
which in turn represents to the largest fraction of banks’ earnings,
whereas non-interest fee and especially trading income are of lim-
ited importance only.

As a general rule, savings and cooperative banks do not access
the capital markets independently, but mainly through the head

8 Data for 1999 are used to create instruments from first-differenced covariates.

1+17)
(12)

institutions of their respective interbank networks. The head insti-
tutions provide liquidity to their affiliated members and allow
them to manage their duration gaps through interbank lending.
These interbank networks shield the smaller savings and coopera-
tive banks against monetary contractions, and against having to
reduce lending as a consequence of deposit outflows and drastic
balance sheet duration adjustments (Ehrmann and Worms,
2004). The mitigated impact of the monetary transmission channel
allows us to investigate interest margins that are only moderately
affected by changes in the volume of interest-bearing business.

We investigate the full German universal banking sector, which
gives us a broad sample of more than 2000 banks and 16,000 bank
years. Such a sample size, though limited to a single country,
exceeds most of the international studies on determinants of bank
margins conducted so far (e.g. Demirgiic-Kunt and Huizinga, 1999;
Saunders and Schumacher, 2000; Maudos and Fernandez de
Guevara, 2004; Claeys and Vander Vennet, 2008)—except for
Carb6 and Rodriguez (2007) and Nguyen (2012), who have lar-
ger-sized samples.

Although only limited data is publicly available, supervisory
data lets us utilize detailed information on a bank’s lender and bor-
rower characteristics and maturities. The data used in this analysis
are based on the following supervisory data collected by the Deut-
sche Bundesbank: balance sheet figures are taken from the year-
end monthly balance sheet statistics, cost and revenues from
banks’ income statements, and additional bank-specific informa-
tion stems from auditors’ reports. Macroeconomic and term struc-
ture data are those provided to the public on the Deutsche
Bundesbank’s website. Earlier data cannot be used owing to a
major change in the reporting structure of the monthly balance
sheet statistics in 1998.

A further point that has to be taken into account is the treat-
ment of mergers and the effect thereof on the comparability of
pre- and post-merger accounting figures. During the sample per-
iod, the German banking sector experienced a major wave of con-
solidation, resulting in several hundred mergers, most notably
among savings and cooperative banks. In order to account for
structural changes in the time series of variables following merg-
ers, a new synthetic bank is created after every merger. Thus, for
a single merger between two different banks, three synthetic banks
exist: two pre-merger banks and another post-merger one.’

To capture differences resulting from the institutional charac-
teristics of the banking sector, we initially conduct our analysis
on the complete sample, but subsequently divide the latter into
three sub-samples. Although the three pillars would provide a
good pre-specified segmentation, we place the head institutions

9 Mergers inevitably lead to an increase in total assets, total interest-bearing assets
and liabilities, and equity capital as two separate banks are simply added together. As
the aforementioned variables are all used as explanatory variables (in logarithms) for
estimating Lerner indices, the approach is especially necessary. The procedure is also
adequate for ratios of accounting measures, such as the frequently investigated net
interest income margin. Within the pillars of savings and cooperative banks, it is
common for a healthier bank to be asked to take over a distressed bank in a
neighboring region. In this case, the merged profitability measures of the bank taking
over the other one are likely to deteriorate in the year after the merger.



of the state-owned pillar (mainly Landesbanken) and the coopera-
tive pillar into a group with all private commercial banks, this
group being referred to hereinafter as “other banks”. The rationale
for reclassifying these institutions to a different group is the differ-
ence between head institutions and their affiliated savings and
cooperative banks not just with regard to size, business model
and capital market access, but also in terms of IRR management
(Ehrmann and Worms, 2004).

3.2. Variables

The dependent variables we investigate are (i) the net interest
margin (NIM), (ii) the interest income margin (IIM), and (iii) the
interest expense margin (IEM). NIM is defined as interest income
minus interest expenses to total assets. IIM sets interest income
in relation to total interest-earning assets, which are composed
of loans and securities held. IEM captures interest expenses to total
interest-paying liabilities, which consist of interbank and non-bank
funding, deposit accounts and securities issued. When we analyze
one of these margins with an explanatory variable that has an
identical numerator for all three margins, we put the explanatory
variable in relation to the denominator of the interest margin
examined. That is, we divide by total assets for the NIM, total inter-
est-earning assets for the IIM, and total interest-paying liabilities
for the IEM, respectively. Doing so, only the variability of the
numerator can have an influence on the significance of the coeffi-
cients derived.

It should be noted that these dependent variables are not equiv-
alent to the (optimal) loan and deposit fees from the theoretical
model, but encompass them. The interest income and expenses
from new loan and deposit transactions observed at the end of
the period are the par yield coupon payment of a risky long-term
corporate bond plus the loan fees, and the par yield coupon pay-
ment of a shorter-term default-free government bond less the
deposit fee, respectively.

This generates two implications for our empirical design. First,
we need to control for coupon payments of fairly-priced capital
market bonds as they are included in the dependent variables by
construction. We will do this via what we call “revolving portfo-
lios” of bonds, mimicking the maturity structure of the bank. Sec-
ond, interest expenses and the deposit fees a* derived from the
model are negatively linked. Hence, empirical proxies for deposit
fee determinants should exhibit the opposite of the theoretically
derived impact.'”

The following sub-sections describe the variables proxying for
the determinants derived from the model, additional bank-specific
and macroeconomic control variables, and the construction of the
revolving portfolios. Table 1 provides an overview of the explana-
tory variables included in the regression analysis, their expected
impact on the three bank margins and the usage in previous stud-
ies investigating bank margins.

3.2.1. Model-derived variables
3.2.1.1. Market power. We include Lerner indices to capture banks’
ability to exercise market power stemming from inelastic demand
for loans and supply of deposits. As the model implies a positive
influence of market power on loan and deposit margins b* and
a*, we expect the Lerner indices to positively influence IIM and
NIM, and to negatively influence IEM.

The Lerner index measures banks’ ability to attach mark-ups to
the marginal cost mc needed to provide a service in relation to the
price p charged, i.e. (p — mc)/p. To estimate a bank’s overall market

10 However, to improve interpretability, we will employ modified duration gaps
instead of reverse modified duration gaps.

power, we estimate a single-output translog cost function dependent
on three input factors (see e.g. Maudos and Fernandez de Guevara,
2004; Maudos and Solis, 2009). Total assets are specified to proxy
for output level. Input prices for personnel, physical and financial
costs are included. Taking interest-paying liabilities as an input
rather than an output is consistent with the intermediation approach
of banking (Sealey and Lindley, 1977). The output price p is exoge-
nously determined and proxied as interest income in relation to
interest-earning assets, and therefore identical to the ITM."'

To derive separate market power estimates for loan and deposit
markets from aggregated balance sheet and income data, we fol-
low Maudos and Fernandez de Guevara (2007)'s approach and
specify a two-output translog cost function. This approach is based
on the Monti-Klein model of financial intermediation (Freixas and
Rochet, 2008, pp. 57-59) and treats deposits as an output rather
than an input. Interest-earning assets proxy for loans and inter-
est-paying liabilities for deposits, with the ratios of interest
income/interest-earning assets (IIM) and interest expenses/inter-
est-paying liabilities (IEM) providing the two exogenously deter-
mined output prices. With liabilities being treated as outputs,
only personnel and physical costs contribute to input prices.

3.2.1.2. Operating cost. Following Maudos and Fernandez de
Guevara (2004) and Maudos and Solis (2009), we proxy the oper-
ating cost of financial intermediation using total operating
expenses/total (interest-bearing) assets (liabilities). However, it
should be noted that banks’ operating expenses are likely to also
include costs that are due to inefficiency and those not related to
activities of financial intermediation. Operating expenses are
expected to have a positive influence on intermediation fees and,
thus, a positive (negative) influence on IIM and NIM (IEM).

3.2.1.3. Expected excess holding period returns. Theoretically derived
expected excess holding period returns cover returns from total
risk transformation. However, in line with previous research, we
neglect expected returns from credit risk and focus on excess hold-
ing period returns from “default-free” government bonds. Fama
and French (1989) and Ilmanen (1995) provide empirical evidence
that the term spread proxies expected excess holding period
returns.'? Therefore, Eqs. (11) and (10) imply that loan fees a* are
reduced and deposit fees b* rise when term spreads increase. This
translates into expected negative effects on all three bank margins
under examination.

As different banks have different maturity transformation char-
acteristics and thus different expected excess holding period
returns in their assets and liabilities, we do not use the same term
spread for all banks, but calculate bank-specific term spreads. For
example, given an upward-sloping yield curve, banks with a higher
average loan maturity should have higher expected excess holding
period returns r; — r. To capture this effect, we calculate the dura-
tion of the interest-earning assets and the par yield of government
bonds with a maturity equaling this duration. The bank-specific
term spread for the assets, proxying r; — r, is then defined as the
difference between this duration-implied par yield and the 6-
month par yield. The liability term spread is calculated analogously
and the asset-liability term spread, proxying r; — rp, is the differ-
ence between the duration-implied asset and liability par yields.
The calculation of assets’ and liabilities’ durations is analogous to
the calculation of the modified duration, described in the Internet
Appendix.

1 The Internet Appendix provides further technical details.

12 See Campbell and Ammer (1993) for a theoretical justification. Alternative
approaches document the power of current forward rates (Fama and Bliss, 1987) or
linear combinations of forward rates (Cochrane and Piazzesi, 2005) to forecast future
excess returns.



Table 1
Variable description.

Variable

Proxy

Pred. coeff.
(IIM|IEM|NIM)

Use in other studies

Model-derived variables
Market power

Lerner index: (p — mc)/p, where total market power
is calculated using total assets as an output with a
three factor translog cost function. Loan and deposit
market power, however, are jointly estimated using
total interest-bearing assets and liabilities,
respectively, as output proxies and a two input factor

(=)

Maudos and Fernandez de Guevara (2004) and
Maudos and Solis (2009)

translog cost function, excluding financial cost (of
deposits) as in Maudos and Fernandez de Guevara,
2007

Operating expenses/total (interest-bearing) assets
(liabilities)

Term spread: the difference between the duration
implied par yield and the 6-month par yield, or
between asset and liability duration-implied par
yields for the NIM

Excess capital: (regulatory capital — 0.08 x risk-
weighted assets)/total assets

Operating cost

Expected excess holding
period return

Risk aversion

Bank-specific IRR exposure  Duration gap: asset duration - liability duration x

interest-paying liabilities/interest-earning assets

Interest rate volatility LIBOR volatility: annual standard deviation of the

weekly observed 6-month LIBOR rate

Credit risk
Credit-interest covariance

Risk-weighted assets/total assets
Annual correlation coefficient between the 5-year

government par yield and the 5-year credit spread on

corporate bonds over the 5-year government par
yield

Bank-specific variables

Non-interest income (NII) Net fee income/total (interest-bearing) assets

(liabilities)

Implicit interest payments
(IP) (interest-bearing) assets (liabilities)

Opportunity cost of reserves  (Cash + deposits with central banks)/total (interest-

(OCR) bearing) assets (liabilities)
Macroeconomic variables
GDP growth Annual real GDP growth rate

Inflation rate Annual growth rate of consumer price index

Revolving portfolios
client groups and maturity brackets x the moving
average of par yield government bonds

(Non-interest expenses — non-interest income)/total

Balance sheet proportion of several lender (borrower)

Maudos and Fernandez de Guevara (2004) and
Maudos and Solis (2009)
Not used up to now

(+]=]+) Excess capital has not been used up to now, but is
proposed by Maudos and Solis (2009). Previous
studies use capital ratios, i.e. (regulatory) capital/
total assets (McShane and Sharpe, 1985; Angbazo,
1997; Brock and Suarez, 2000; Maudos and
Ferndndez de Guevara, 2004; Carb6 and Rodriguez,
2007; Maudos and Solis, 2009; Nguyen, 2012)

Not used up to now; the most similar interest rate
risk measure is the net position of balance sheet
items with a repricing period of less than one year in
relation to total assets (Angbazo, 1997)

Different interest rate volatilities are used to proxy
for interest rate risk when explaining NIMs (Maudos
and Fernandez de Guevara, 2004; Lepetit et al., 2008;
Maudos and Solis, 2009). However, these studies are
based on models with a single IRR source and could
therefore derive predictions for coefficients.

Not used up to now

Not used up to now

(+[++)

(=)

(*[nuf+)
(?1+?)

(=|+-) Lepetit et al. (2008) and Maudos and Solis (2009)

(+]=]+) Ho and Saunders (1981), Angbazo (1997), Saunders
and Schumacher (2000), Maudos and Fernandez de
Guevara (2004), Maudos and Solis (2009)

(?1+=)

1?21?) Carb6 and Rodriguez (2007), Claeys and Vander
Vennet (2008), Albertazzi and Gambacorta (2009),
Maudos and Solis (2009)

Demirgti¢-Kunt and Huizinga (1999), Claeys and

Vander Vennet (2008), and Maudos and Solis (2009)

(??217)

Memmel (2008) explains interest income and ex-
pense margins with revolving tracking bank portfo-
lios

(+|+/nu)

Total (interest-bearing) assets (liabilities) indicates that the denominator of an explanatory variable is total interest-bearing assets if the dependent variable is IIM, total
interest-bearing liabilities in the case of IEM, and total assets for NIM. The following symbols are used for predicted coefficients, where the following order within brackets is
given (IIM, IEM, NIM). (+) denotes an expected positive coefficient, (—) a negative coefficient, (?) that the effect cannot be predicted a priori, and (nu) that the given variable is

not included in a regression on the specific margin.

3.2.1.4. Risk component. For the purpose of our empirical analysis,
the composite impact of the risk component will be separated into
the influence of distinct variables: risk aversion, interest and credit
risk.

3.2.1.4.1. Risk component—risk aversion. Most previous studies
include capital ratios as proxies for risk aversion (McShane and
Sharpe, 1985; Maudos and Fernandez de Guevara, 2004; Maudos
and Solis, 2009; Nguyen, 2012), or, without directly referring to risk
aversion, as measures of insolvency risk (Angbazo, 1997; Carb6 and

Rodriguez, 2007; Lepetit et al., 2008). As capital ratios do not account
for differing risk levels, a point already stressed by Gambacorta and
Mistrulli (2004), capital in excess of minimum regulatory require-
ments/total assets, or in short excess capital, generally seems to be a
more adequate proxy for risk aversion. In our model, excess capital
should be related to higher IIM and NIM, and lower IEM. However,
the empirical study of Lepetit et al. (2008) found mixed results with
both significantly positive as well as negative coefficients for differ-
ent accounting margins and spreads investigated.



3.2.1.4.2. Risk component—interest rate risk. As already dis-
cussed in Section 2, the second factor in the risk component
behaves very much like a (reverse) modified duration gap. Using
the detailed information on volumes and maturities of different
lender and borrower types, we calculate the modified durations

of the assets and liabilities, D2, and D% ., respectively; then, the

mod?

modified duration gap Dy, is defined as':

A ;, total interest — paying liabilities
Deap = Dinod = Dioa total interest — earning assets (13)
We use the modified duration gap as an independent variable for all
three margins for better comparability rather than using a reverse
modified duration gap in the case of IEM. Based on our model, we
expect a positive influence on all three margins.

Whereas the modified duration gap measures the overall sensi-
tivity of a bank’s net portfolio value to changes in the yield curve, it
does not capture the interest rate volatility that determines the
probability of changes in the yield curve. For multicollinearity rea-
sons, we do not include separate interest volatility measures for
the changes in market values of loans and deposits g; and op.
Instead, we include just one: the annual volatility of weekly 6-
month LIBOR rates—measured over a 52-week window—to proxy
for the risk of unexpected changes in the yield curve. The model
implies that all three fees increase with higher interest rate volatil-
ity. This results in an expected positive influence on NIM and IIM,
and a negative influence on IEM which is the same expected rela-
tionship as in rate-based models such as Angbazo (1997), Maudos
and Ferndndez de Guevara (2004), and Maudos and Solis (2009).
However, empirical analyses such as Gambacorta (2008) show that
banks increase deposit rates with increasing interest rate volatility,
which would result in a higher I[EM. This suggests that Ho and
Saunder-type models do not capture a specific, economically rele-
vant relationship between deposit fees and volatility; for example,
banks might decrease deposit fees to reduce the risk of withdraw-
als—a risk not captured in these one-period models—and to stabi-
lize funding over more than one period in times of elevated
uncertainty.

3.2.1.4.3. Risk component—credit risk. The credit risk associated
with financial intermediation is integrated into the regression
analysis using risk-weighted assets to total assets. While for other
banks, risk-weighted assets are likely to also be associated with
off-balance sheet activities and market risk, for many savings and
cooperative banks they are mainly determined by the default risk
of loan and bond portfolios. With deposits assumed to be
default-free, the proxy is only used in regressions explaining [IM
and NIM, and it is expected to have a positive impact.

3.2.1.4.4. Risk component—credit-interest risk covariance. To
proxy for the covariance between credit and interest rates, we
include the correlation coefficient between the 5-year government
par yield and the default spread of a weighted index of corporate
bonds over the 5-year government par yield. The correlation is cal-
culated annually on the basis of weekly rates. Whereas the [IM and
the NIM are determined by the correlation of both loan and deposit
returns with the credit spread, the IEM is only determined by ¢ ¢p.
Therefore, the expected coefficient sign can only be predicted for
the IEM and can be expected to increase the expenses paid by
the bank.

13 Details can be taken from the Internet Appendix. Angbazo (1997) uses the one-
year repricing gap, defined as the difference between assets and liabilities with a
repricing frequency of less than one year to total assets (first used by Flannery and
James, 1984). In our analysis, we prefer to use more detailed information on the
maturities of assets and liabilities as one-year repricing gaps capture the bulk of
liquidity and refinancing interest risk, but only part of the valuation risk when long-
term securities are affected by interest rate changes.

3.2.2. Control variables

Previous studies investigating bank interest margins include a
number of additional control variables not predicted by the model
to influence the pure spread of intermediation, but to also have an
impact on observed bank margins. Following these studies, we
include three additional bank-specific variables as well as two
macroeconomic ones. Furthermore, we control for coupon pay-
ments of fairly-priced capital market bonds as they are included
in the dependent variables.

3.2.2.1. Non-interest income (NII). Past developments in banking are
described as disintermediation—a shift from traditional financial
intermediation to other banking activities in order to compensate
for declining profitability. Carb6 and Rodriguez (2007)'s model
investigates cross-selling patterns between loans and non-tradi-
tional activities, which are proxied using (fee income minus fee
expenses) to total (interest-bearing) assets (liabilities) (Lepetit et al.,
2008).' Cross-selling assumes that banks are willing to forego tradi-
tional interest-generating income for non-interest income (NII).
Hence, the higher the NII-proxied as non-interest income to total
assets-the lower the corresponding fees charged, resulting in
decreasing IIM and NIM, and increasing [EM.

3.2.2.2. Implicit interest payments (IIP). We also include a proxy for
implicit interest payments (IIP) using (non-interest expenses less
non-interest income)/total (interest-bearing) assets (liabilities) that
aims to reflect the cost of additional services for which customers
have not been charged. Initially included to capture competition in
the market for deposits (Ho and Saunders, 1981), it is expected to
result in lower interest expenses and a negative coefficient on the
related margin and a positive one on NIM. However, additional ser-
vices might also be present for loans, and a positive effect on [IM
might also be observed.

3.2.2.3. Opportunity cost of holding reserves (OCR). Finally, the
opportunity cost of holding reserves (OCR) originates in asset port-
folios that pay no remuneration, or in the case of central bank
deposits in Germany, below-market rates. We include cash and
deposits with central banks to total (interest-bearing) assets (liabili-
ties) to proxy for OCR. As these reserves implicitly increase the cost
of funding by foregone interest income, they are likely to be priced
into deposit rates. A higher ratio of cash and deposits with central
banks can therefore be expected to lead to lower interest expenses
and ultimately higher net interest income; however, the effect on
interest income margins remains unclear a priori.

3.2.2.4. Macroeconomic variables. Two macroeconomic variables
are included: the annual real GDP growth rate controls for demand
(for loans) and supply (of deposits) effects in bank profitability, and
the inflation rate integrates effects of nominal contracting. For both
variables, positive as well as negative coefficients are observed
when investigating bank NIMs (Demirgiic-Kunt and Huizinga,
1999; Claeys and Vander Vennet, 2008; Albertazzi and
Gambacorta, 2009) depending on the banking sample and time
period observed, so no a priori assumption of the coefficient sign
derived will be given.

3.2.2.5. Revolving portfolios. As already discussed at the beginning
of Section 3.2, we have to control for fair coupon payments from

4 In contrast to Lepetit et al. (2008), we do not additionally include trading
activities as many smaller German banks do not generate any such income. However,
there is a debate in the literature about whether fee income proxies adequately for
non-traditional banking activities. Therefore, we follow Nguyen (2012) and use other
earning assets, defined as non-interest-bearing assets to total assets. Results are robust
and remain qualitatively similar.



the underlying bonds, captured in the dependent variables, to sep-
arate the effects of the fee determinants our model predicts. Since
today’s interest income and expenses depend on both volume as
well as current and former fair market rates for different maturities
we build revolving portfolios of bonds with different maturities
initiated at different points in time. Since credit risk premia are
controlled for by the credit risk variable, we consider default-free
government bonds.

We make use of the Deutsche Bundesbank’s monthly balance
sheet statistics which report volumes for different lender and bor-
rower clientele in time brackets according to the initial time to
maturity. The strategy of revolving portfolios basically consists of
revolvingly investing in par yield government bonds whose initial
maturity depends on the respective balance sheet position’s matu-
rity bracket. We assume initial maturity is equally distributed
within each bracket, each bond pays par yield when initiated and
maturing bonds are replaced by new bonds of the same maturity.'®
The resulting coupon payments represent weighted moving averages
of par yields as shown by Memmel (2008). They are calculated for
each position and time bracket and—divided by interest-earning
assets, interest-paying liabilities, or total assets, respectively—they
are used as control variables when investigating NIM, IIM, and
IEM.'® Memmel (2008) provides empirical evidence that this
approach explains much of the time series and cross-sectional vari-
ation of banks’ interest income and expense margins.

3.3. Summary statistics

We employ a dataset of the entire German commercial banking
sector, but exclude synthetic banks if (i) they lack values for one of
the above-stated variables or (ii) show negative values for any bal-
ance sheet position where a negative value is not possible. When
estimating non-negative marginal cost in translog cost functions,
we additionally completely exclude synthetic banks whose (iii)
input prices differ by more than 2.25 times the standard deviation
in a given year and (iv) whose assets are less than EUR 25 million,
equating to the lowest 1.5% of total assets.!” This leaves us with a
total sample of 2380 (synthetic) banks, 594 of which are savings,
1730 cooperative, and 56 other banks (mainly private commercial
banks). Table 2 provides summary statistics for the overall sample
and the sub-samples.

There are some noteworthy features in the data, especially
those highlighting differences between the sub-samples of savings
and cooperative banks, and the remaining banks in the other bank
sample. Average total assets are EUR 1018 million, but range from
EUR 395 million for cooperative banks to EUR 9077 million for
other banks. The overall sample median, however, is only EUR
329 million, which demonstrates that a huge number of small
banks operate in the German banking system, whereas averages
are driven by a small number of large institutions. The savings
and cooperative bank samples are comparatively homogeneous
in terms of size, whereas the other bank sample is much more het-

15 Further details can be found in the Internet Appendix.

16 As the reported maturity brackets for assets and liabilities do not have matching
maturities, we cannot create net revolving portfolios for every single bracket—used in
explaining income and expenses—when analyzing the net interest margin. Therefore,
in this case we create three net product group revolving portfolios by combining
revolving portfolios for bank, non-bank and bond lending, and then subtracting those
for borrowing. Savings accounts are added to non-bank borrowing and subordinated
debt to bonds issued.

17 An exclusion based on the standard deviation of total assets—similar to the input
prices—cannot be performed as total assets have an extremely skewed distribution
with a mean of EUR 2.43 billion and a standard deviation of EUR 21.6 billion. Our
approach assures that very small banks with high duration gaps are eliminated
whereas the large banks—which are part of the other bank sample—that make up a
significant proportion of the German banking system'’s total assets remain in our
sample.

erogeneous. Duration gaps are higher for savings and cooperative
banks, which have interest sensitivities of 0.84 and 0.9, respec-
tively, compared with other banks with only 0.64. Net interest
income margins range from 2.03% for savings banks and 2.48%
for cooperative banks to the 2.58% observed for other banks. How-
ever, the standard deviation of NIM is more than three times
higher for other banks than it is for cooperatives. The smaller sav-
ings and cooperative banks rely to a larger extent on savings
deposit funding, which corresponds to 32.6% and 33.7%, respec-
tively, of total assets, whereas other banks show a quota of only
16.9%. Remembering that half of the savings deposits are consid-
ered to be long-term core deposits, it is striking that savings and
cooperative banks still have substantially larger duration gaps.

Other banks have the highest NIM but are less heavily involved
in maturity transformation as they have the smallest duration gap.
This suggests that they earn a larger fraction of their interest
income through credit risk premia than through term premia.
Other banks seem to assume greater credit risk, as implied by
the credit risk ratios of RWA to total assets: 63.2% for other banks
compared to 55.3% and 60.2% for savings and cooperative banks,
respectively.

4. Empirical analysis
4.1. Econometric model

Previous studies mainly focus on an investigation of the net
interest margin (NIM) as a widely used measure of commercial
banks’ core business profitability.'® Empirical findings are com-
pared to the theoretical determinants derived for the pure spread.
As Ho and Saunders-type models derive determinants for loan and
deposit fees independently, we can test the related hypotheses for
loans and deposits separately. We are the first to additionally exam-
ine the influence of the model-derived factors on the interest income
margin (IIM) and the interest expense margin (IEM) separately. The
reduced form regression equation of the model is given by:

. K L M
BMi = oy + > FTM} +> )*BS; + > 6'ME + > n"RPy
j=1 k=1 1=1 m=1

+ & (14)

for t =1,...,T, indicating the time period, and i=1,...,N as the
number of banks in the sample.'® BM is the bank margin examined,
either NIM, IIM, or IEM. TM refers to a vector of variables determined
by the theoretical model. BS is a vector of additional bank-specific
control variables that are likely to influence empirically observed
bank margins, but are not part of our model. ME represents macro-
economic variables with a common influence on bank margins.
Finally, RP represents the vector of revolving portfolios.

All regressions are estimated using fixed-effects two-stage least
squares (2SLS) instrumental variables (IV) techniques, as OLS pro-
vides unbiased estimates which are, however, less efficient than
GMM estimates (Wooldridge, 2001).2° Higher market power allows

18 Exemptions include Carb6é and Rodriguez (2007), who use a wider definition of
bank margins and also include New Empirical Industrial Organizations margins, and
Lepetit et al. (2008), who investigate several different definitions of bank spreads. We
investigate alternative accounting margins and find robust results; see the Internet
Appendix for details.

19 Ho and Saunders (1981) and Saunders and Schumacher (2000) estimate the
model in a two-step procedure that aims to derive the pure spread from the first-step
regressions. The pure spread is considered to be the intercept from a regression of the
NIM on all factors not explicitly derived from the model. Focusing on interest risk, in
our setting we prefer the single-step approach as it allows the revolving portfolios
and the variables proxying for the interest risk in the intermediation fees to be
correlated.

20 Applying GMM yields robust results, see the Internet Appendix for details.
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Table 2
Summary statistics.

Full sample Savings banks Cooperative banks Other banks

Mean Std. dev. Median Mean Std. dev. Mean Std. dev. Mean Std. dev.
Bank size (denominators) in €million
Total interest-earning assets 898.189 5,685.103 290.764 1,767.913 2,488.304 350.088 559.547 8,125.128 35,179.374
Total interest-paying liabilities 906.510 5,419.367 295.307 1,822.069 2,543.179 355.553 593.923 7,714.408 33,341.790
Total assets (TA) 1,017.514 6,585.622 328.581 2,019.671 2,814.181 394.656 653.023 9,077.482 40,872.249
Bank interest margins
Interest income margin (IIM) 5.509 0.676 5.495 5.467 0.610 5.519 0.634 5.648 1.752
Interest expense margin (IEM) 2.859 0.557 2.841 3.022 0.542 2.795 0.540 3.034 0.796
Net interest margin (NIM) 2.360 0.530 2.377 2.027 0.394 2473 0.450 2.582 1.554
Model-derived variables
Market power (loans) 49.345 16.165 48.411 51.487 15.945 48.680 16.057 46.121 19.299
Market power (deposits) —23.625 36.854 -19.333 —24.484 34.023 —23.152 37.734 —28.654 39.037
Market power (overall) 37.006 8.830 37.733 37.879 7.801 36.766 8.799 34.729 16.424
Operating cost 2.222 0.555 2.182 1.828 0.254 2.354 0.518 2.544 1.368
Term spread (asset) 0.611 0.429 0.602 0.621 0429 0.607 0.428 0.603 0477
Term spread (liability) 0.543 0.410 0.516 0.577 0.382 0.529 0.413 0.576 0.561
Term spread (asset-liability) 0.068 0.439 0.083 0.044 0.399 0.078 0.440 0.027 0.709
Risk aversion 3.203 1.833 2.844 2.769 1.475 3.361 1.856 3.155 3.324
Modified asset duration 2429 0.246 2.466 2.559 0.154 2.405 0.208 1.737 0.559
Modified liability duration 1.540 0.223 1.566 1.651 0.188 1.512 0.201 1.169 0.428
Duration gap 0.877 0.274 0.867 0.841 0.241 0.897 0.268 0.639 0.538
LIBOR volatility 0.343 0.161 0.321
Credit risk 59.016 11.520 60.039 55.258 11.197 60.233 11.073 63.174 17.507
Credit-interest covariance (correlation) —11.488 12.202 —4.879
Non-interest income (NII) 0.667 0.260 0.636 0.556 0.111 0.698 0.239 0.951 0.878
Implicit interest payments (IIP) 1.338 0.447 1.310 1.102 0.237 1.431 0.438 1.101 1.055
Opportunity cost of reserves (OCR) 0.898 0.392 0.858 0.744 0.284 0.969 0.393 0.426 0.528
Macroeconomic variables
GDP growth 0.954 2.124 1.208
Inflation rate 1.554 0.695 1.763
Balance sheet compositions
Loans to banks 11.670 7.581 10.228 8.333 5.987 12.649 7.338 18.469 14.480
Loans to non-banks 60.042 11.825 61.555 59.541 12.024 60.253 11.314 59.095 21.144
Bonds held 17.866 9.577 16.497 19.092 10.206 17.519 9.022 14.987 15.600
Loans from banks 15.429 8.081 14.203 21.007 8.994 13.382 6.099 16.640 16.814
Loans from non-banks 38.213 9.885 37.217 32.438 7.762 39.875 9.163 51.004 17.832
Savings deposits 33.025 9.761 33.139 32.591 8.190 33.704 9.612 16.926 14.848
Subordinated debt 0.531 0.964 0.000 1.317 1.395 0.249 0.520 0.524 0.814
Bonds issued 2714 3.706 0.846 2.755 3.030 2.719 3.896 2.113 4.413

For explanatory variables calculated as quotas to total (interest-bearing) assets (liabilities), total assets are chosen for the summary statistics above. Balance sheet com-
positions are quotas in relation to total interest-bearing assets, or liabilities, respectively, and are used to calculate revolving portfolios by multiplying year-end values with
moving averages of government par yields. All variables are displayed in percentage terms, except for the size variables used as denominators, which are denoted in €million,
and the duration measures. Modified asset and liability durations are not used as explanatory variables independently, but are used to calculate the duration gap, and

“duration-implied” term spreads.

banks to earn higher interest margins and at the same time use the
proceeds from these earnings to increase their market share. Hence,
Lerner indices—which are derived using interest income and
expenses in the price and marginal cost components—are likely to
be endogenous, which is why we instrument Lerner indices with
their own first difference. Furthermore, non-interest income (NII)
might be endogenous for reasons of reversed causality, when banks
are willing to grant more favorable interest conditions in order to
stimulate the cross-selling of fee-generating business (Maudos and
Solis, 2009). As Anderson-Rubin tests reject the hypothesis of NII
being exogenous, we also instrument it with its own first differ-
ence.”! We investigate the relevance of the instruments, testing for
underidentification (Kleibergen and Paap, 2006) and weak identifica-
tion based on the Kleibergen-Paap F-statistic for clustered standard
errors. Tests for underidentification can be rejected for all samples
and all margins at convenient levels. The critical value of the Stock
and Yogo (2005) weak instrument size test with two exactly identi-
fied endogenous regressors based on heteroskedastic Cragg-Donald

21 Nguyen (2012) finds that non-interest income and the NIM Granger cause each

other. He corrects the arising simultaneity bias by estimating the NIM and non-
interest income in a system of simultaneous equations with exogenous covariates
that satisfy the exclusion restrictions.

statistic is 7.03. All samples except for the other bank sample, which
has a far lower sample size, reject the weak instrument hypothesis.
For the NIM and the IIM, the test statistics for the complete sample
always display the highest value, indicating that the low statistics for
the other bank sample are driven by sample size. Results are dis-
played for all samples, both as coefficients from level-on-level
regressions and as elasticities. The coefficients for elasticities are
multiplied by the factor 10 for better visibility.

4.2. Net interest margin

First, in line with most of the previous literature, we investigate
the net interest margin and display our results in Table 3. Our
interest is focused on the explanatory variables determining the
pure intermediation spread (12) in our theoretical model, namely
the bank’s market power, operating costs, expected excess holding
period returns, risk aversion, interest rate risk and credit risk, and
the correlation between these two risks.

Lerner indices as a proxy for market power are highly signifi-
cant and have a strong impact: an increase by 10% sends the net
interest margin nearly 11% higher. This effect is especially
pronounced for savings banks (14% increase in the NIM) and signif-
icant for all sub-samples. The higher impact of market power on



Table 3
Determinants of net interest margin (NIM).

Total sample (i)

Savings banks (ii)

Cooperative banks (iii) Other banks (iv)

Coeff. Elast. Coeff. Elast. Coeff. Elast. Coeff. Elast.

Model-determined variables

Lerner index (overall) 0.070""* 10.932 0.075"" 14.076 0.076"" 11.280 0.056""" 7.599
(0.0041) (0.0063) (0.0047) (0.0141)

Operating cost 1.391* 13.223 1727 15.769 1.618" 15.560 0.758"* 7.393
(0.1073) (0.1845) (0.1009) (0.2648)

Term spread (asset-liability) -0.041" -0.011 —0.046"" —-0.010 —0.046" -0.014 —-0.057 —0.002
(0.0064) (0.0115) (0.0070) (0.0437)

Excess capital 0.046"" 0.663 0.098"" 1.410 0.041* 0.594 0.036" 0.438
(0.0051) (0.0126) (0.0047) (0.0200)

Duration gap 0.180*" 0.699 0.284"* 1.215 0.201*" 0.766 0.034 0.085
(0.0214) (0.0470) (0.0276) (0.1449)

LIBOR volatility 1.014" 1.520 1.168™ 2.040 1.080" 1.542 0.861" 1.168
(0.0712) (0.1238) (0.0770) (0.2323)

Credit risk 0.007** 1.772 0.007** 1.862 0.007** 1.783 0.005 1315
(0.0006) (0.0014) (0.0007) (0.0039)

Credit-interest covariance 0.028*" 1.021 0.030" 1.302 0.032*" 1.119 0.019*" 0.636
(0.0021) (0.0030) (0.0024) (0.0068)

Bank-specific variables

NII —1.357"" —3.889 —3.347"" -9.392 —1.548" —4.427 —0.430 —1.557
(0.1505) (0.4140) (0.1252) (0.3414)

i —0.458" —2.603 —0.585"" -3.194 —0.623"* -3.614 -0.027 -0.118
(0.0639) (0.1161) (0.0606) (0.1491)

OCR 0.003 0.013 —0.010 —0.038 0.019 0.076 —0.037 —0.058
(0.0103) (0.0248) (0.0129) (0.1442)

Macroeconomic variables

GDP growth ~0.118"* -0.478 -0.091" -0.421 -0.154"" -0.595 —0.066"" —0.257
(0.0106) (0.0109) (0.0133) (0.0267)

Inflation rate 0.620"* 4.368 0.654" 5.364 0.723" 4.850 0.456" 2.879
(0.0478) (0.0686) (0.0552) (0.1496)

Revolving portfolios

Net loans to/from banks 0.007 0.008 0.133" 0.393 —0.078" —0.037 0.110 0.022
(0.0295) (0.0348) (0.0343) (0.0955)

Net business to/from non-banks —0.044" —0.008 0.047" 0.057 —-0.123" —0.074 0.120" 0.121
(0.0204) (0.0204) (0.0267) (0.0658)

Net bond portfolios -0.127" —0.380 -0.219"" —0.849 -0.175"" —0.481 —-0.025 —0.056
(0.0377) (0.0603) (0.0414) (0.1201)

Obs. 16,396 4479 11,524 393

Number of synthetic banks 2380 594 1730 56

GR? 0.536 0.459 0.592 0.382

Underid. LM stat. [p-value] 71.18 (0] 40.48 [o] 52.91 [0] 7.459 [0.006]

Kleibergen-Paap F-test 58.23 30.28 43.55 5.405

Dependent variable: net interest margin (NIM). Operating cost, non-interest income (NII), opportunity cost of reserves (OCR) and implicit interest payments (IIP) are in
relation to total assets. All models are estimated using fixed-effects 2SLS IV regressions, where Lerner index (overall) and NII are instrumented with their own first differences.
Underid. gives the LM statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the weak instrument statistic for
clustered standard errors. Elasticities of variables are displayed on the right next to coefficients and are calculated at sample mean and multiplied by the factor 10. Elasticities
are estimated using chain rules, and are multiplied by —10 if evaluated at a negative sample mean. Standard errors are given in parentheses and are clustered at bank level.

GR? is the generalized R? criterion of Pesaran and Smith (1994) for 2SLS IV estimation.

* Significance at the 10% level.
** Significance at the 5% level.
** Significance at the 1% level.

the NIM underlines the fact that many rural savings and coopera-
tive banks only face competition from a single bank of the other
pillar as these banks operate in delimited regions and only have
a few branches of private commercial banks in their area, allowing
them to charge higher fees.

The operating costs are highly significant as well. The positive
sign of the coefficients is in line with the model predictions, and
the magnitude of the coefficients is economically relevant: an
increase by 100 basis points in operating costs translates into an
increase of 139 basis points in the NIM; for savings banks the
increase amounts to as much as 173 basis points.

Regarding the term spread included as an instrument for
expected returns from maturity transformation, we find the
expected negative coefficients. The coefficient is significant for sav-
ings and cooperative banks, though it is even larger for other
banks. From an economic point of view, the results confirm that

banks pass part of the expected holding period returns to custom-
ers during times when an increasing yield curve, controlled for
with revolving portfolios, generates earnings from maturity trans-
formation. However, this effect is economically not very relevant: a
roughly 4-6 basis point reduction in fees for a 100 basis point
change in the term spread.

In a similar vein, the interest risk proxies also have to be inter-
preted as additional net fee income. In line with our expectations,
we find that savings and cooperative banks earn significant extra
charges of 28 and 20 basis points for each additional percentage
point of interest sensitivity resulting from a positive maturity
gap. Other banks, by contrast, have a coefficient close to zero, so
that a significant impact can be rejected for more than solely small
sample size. Similar results are reported for U.S. banks by Angbazo
(1997), who finds the one-year repricing gap to be related exclu-
sively to smaller regional banks’ NIMs, but not to larger money
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Table 4
Determinants of interest income margin (IIM).

Total sample (i) Savings banks (ii) Cooperative banks (iii) Other banks (iv)
Coeff. Elast. Coeff. Elast. Coeff. Elast. Coeff. Elast.

Model-determined variables

Lerner index (assets) 0.051** 4.680 0.044" 4.204 0.056"* 5.042 0.065"* 5.338
(0.0031) (0.0045) (0.0048) (0.0115)

Operating cost —0.083" —0.381 0.100 0.391 —0.032 -0.154 -0.161 -0.787
(0.0478) (0.1269) (0.0268) (0.2421)

Term spread (asset) —0.155""" -0.153 —0.090""* —-0.092 -0.155"" -0.152 -0.168" -0.164
(0.0175) (0.0217) (0.0251) (0.0860)

Excess capital 0.046* 0.287 0.039" 0.208 0.060"* 0.394 —0.006 —-0.034
(0.0056) (0.0076) (0.0075) (0.0219)

Duration gap 0337 0.564 0.370" 0.588 0.567+" 0.976 —0.046 —0.054
(0.0505) (0.0673) (0.0715) (0.1335)

LIBOR volatility 1.501"* 0.967 0.993* 0.644 1.445" 0.930 1.671" 1.045
(0.1049) (0.1227) (0.1346) (0.2797)

Credit risk 0.020"* 2.178 0.020"* 2.070 0.017" 1.927 0.019*" 2.193
(0.0017) (0.0021) (0.0015) (0.0095)

Credit-interest covariance —0.010"" —0.150 —0.009*" -0.144 —0.009*" -0.138 -0.014"" -0.217
(0.0004) (0.0006) (0.0004) (0.0031)

Bank-specific variables

NII 0.570"* 0.793 1.250"" 1.509 0427+ 0.618 0.618* 1.132
(0.0879) (0.3546) (0.0812) (0.3514)

1P 0.239" 0.656 0.152* 0.355 0.184* 0.536 0.404** 0.877
(0.0332) (0.0778) (0.0189) (0.2005)

OCR 0.101*** 0.186 0.118* 0.188 0.099** 0.196 —-0.145 -0.114
(0.0124) (0.0317) (0.0156) (0.1259)

Macroeconomic variables

GDP growth 0.081* 0.140 0.055" 0.095 0.098* 0.171 0.126" 0.227
(0.0063) (0.0097) (0.0092) (0.0323)

Inflation rate 0.283* 0.856 0.250" 0.760 0.265" 0.801 0.235" 0.683
(0.0233) (0.0315) (0.0326) (0.0721)

Revolving portfolios

Loans to banks

daily 2.208" 0.589 2207 0.320 2465 0.762 2.120" 0.793
(0.1171) (0.1460) (0.1744) (0.3395)

<1ly. 1976 0.454 2.042" 0.530 2,112 0.434 1.828"" 1.126
(0.0997) (0.1340) (0.1425) (0.2509)

>1y.<5y. 1.626™ 0.278 1.680"" 0.124 1.717" 0.362 1.784" 0.124
(0.0706) (0.1082) (0.0996) (0.4567)

>5y. 1.217 0.199 1.310" 0.194 1.229"" 0.212 1.028* 0.078
(0.0518) (0.0805) (0.0642) (0.3521)

Loans to non-banks

<ly. 2.1627 1.052 3.012 1.338 2.750" 1312 1.505"" 1.836
(0.1653) (0.2245) (0.1546) (0.2596)

>1y.<5y. 1.551" 0.615 1.590" 0.399 1.636" 0.711 1.243" 1.131
(0.0647) (0.1441) (0.0699) (0.2858)

>5y. 1.120" 4.942 1.015" 4.866 1.089" 4.721 1.185"" 2.806
(0.0252) (0.0303) (0.0263) (0.2162)

Bonds held

<1y. 0.778"* 0.011 1.002"* 0.016 0.782" 0.011 -1.651 -0.016
(0.0894) (0.1451) (0.1002) (1.1166)

>1y.<2y. 0.974* 0.043 1.155" 0.062 1.077 0.044 0.669 0.039
(0.0629) (0.0762) (0.0771) (0.5095)

>2y. 0.607" 0.883 0.765" 1.222 0.570" 0.805 0.316" 0.351
(0.0221) (0.0486) (0.0239) (0.1360)

Obs. 16,396 4479 11,524 393

Number of synthetic banks 2380 594 1730 56

GR? 0.866 0.896 0.890 0.648

Underid. LM stat. [p-value] 92.89 [0] 52.59 [0] 48.90 [0] 7.764 [0.005]

Kleibergen-Paap F-test 1184 70.15 48.20 5.191

Dependent variable: interest income margin (IIM). Operating cost, non-interest income (NII), opportunity cost of reserves (OCR) and implicit interest payments (IIP) are in
relation to interest-earning assets. All models are estimated using fixed-effects 2SLS IV regressions, where Lerner index (assets) and NII are instrumented with their own first
differences. Underid. gives the LM statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the weak instrument
statistic for clustered standard errors. Elasticities of variables are displayed on the right next to coefficients and are calculated at sample mean and multiplied by the factor 10.
Elasticities are estimated using chain rules, and are multiplied by —10 if evaluated at a negative sample mean. Standard errors are given in parentheses and are clustered at
bank level. GR? is the generalized R? criterion of Pesaran and Smith (1994) for 2SLS IV estimation.

* Significance at the 10% level.

** Significance at the 5% level.

= Significance at the 1% level.



Table 5
Determinants of the interest expense margin (IEM).

Total sample (i) Savings banks (ii) Cooperative banks (iii) Other banks (iv)
Coeff. Elast. Coeff. Elast. Coeff. Elast. Coeff. Elast.

Model-determined variables

Lerner index (deposits) -0.010""" -0.822 -0.014"" -1.122 —0.008""" -0.704 -0.019"" -1.792
(0.0005) (0.0008) (0.0004) (0.0035)

Operating cost —0.190""* -1.679 —0.388""" —2.649 —0.209"" -2.018 —0.042 -0.418
(0.0358) (0.0536) (0.0152 (0.2087)

Term spread (liabilities) 0.010* 0.017 0.009 0.016 0.022* 0.037 0.017 0.030
(0.0049) (0.0085) (0.0050) (0.0467)

Excess capital —-0.001 -0.016 0.014* 0.135 —-0.002 -0.026 —0.035"* -0.366
(0.0029) (0.0053) (0.0026) (0.0114)

Duration gap 0.042" 0.135 0.012 0.035 0.082* 0.280 0.005 0.011
(0.0177 (0.0293) (0.0188 (0.1204)

LIBOR volatility 0.125* 0.156 0.097* 0.114 0.111+ 0.142 0.091 0.107
(0.0147) (0.0220) (0.0143) (0.1442)

Credit-interest covariance —0.006""" -0.186 —0.006"" -0.181 —0.006""" -0.192 -0.012" -0.333
(0.0003) (0.0003) (0.0002) (0.0028)

Bank-specific variables

NII 0.365" 0.976 1.2527 2.627 0397 1.140 -0.039 -0.143
(0.0858) (0.1368) (0.0348) (0.3519)

1P 0.050™ 0.265 0.135" 0.552 0.048" 0.279 —0.028 -0.122
(0.0198) (0.0430) (0.0108) (0.1570)

OCR —0.034" -0.120 -0.010 -0.028 —0.038*" —-0.149 —0.065 -0.103
(0.0076) (0.0144) (0.0071) (0.0734)

Macroeconomic variables

GDP growth 0.007* 0.024 0.006 0.020 0.003 0.011 0.092"* 0.309
(0.0034) (0.0052) (0.0030) (0.0322)

Inflation rate —0.022* -0.128 0.020" 0.109 —0.043"" -0.262 0.007 0.036
(0.0062) (0.0075) (0.0051) (0.0483)

Revolving portfolios

Loans from banks

daily 0.889" 0.049 1.076"" 0.107 0.813* 0.025 0.836"" 0.172
(0.0504) (0.0659 (0.0687) (0.1828)

<1y. 0.798" 0.126 0.906" 0.248 0.657"" 0.058 1.201" 0.877
(0.0693) (0.0408) (0.0429) (0.1346)

>1y.<2y. 0.671* 0.022 0.733" 0.028 0.563* 0.016 1174 0.121
(0.0576) (0.0946) (0.0762) (0.2031)

>2y. 0.869 1.938 0.975" 2.639 0919 1.902 1.014" 1.287
(0.0246) (0.0271) (0.0215) (0.1108)

Loans from non-banks

daily 0.848* 2.013 1177+ 2.475 0.761* 1.887 1.061* 2.698
(0.0327) (0.0538) (0.0299) (0.1609)

<1ly. 0971 1.363 1.040" 0.880 0.926" 1.479 1.217 2.961
(0.0209) (0.0434) (0.0192) (0.1401)

>1y.<2y. 1.045" 0.226 1.113" 0.131 0.973" 0.250 1.198" 0.259
(0.0474) (0.0961) (0.0434) (0.3650)

>2y. 0.848 0.823 0.914" 0.792 0.839" 0.840 0.867" 1.132
(0.0396) (0.0464) (0.0306) (0.1307)

Subordinated debt 0.908" 0.079 0.498"" 0.099 1938 0.078 1.375 0.113
(0.1238) (0.1336) (0.2632) (1.2662)

Savings accounts

<3m 0.809" 3.550 0.927" 3.561 0.782* 3.674 0.891" 1.893
(0.0164) (0.0290) (0.0152) (0.1052)

>3m. 0.777* 0.760 0.905" 1.039 0.752*" 0.693 0.956"" 0.582
(0.0182) (0.0318) (0.0199) (0.1703)

Bonds issued

<1y. 0.143 0.001 —-0.140 —0.001 0.300 0.001 0.591 0.008
(0.1977) (0.2632) (0.3571) (1.0066)

>1y.<2y. 0.213* 0.007 0.058 0.002 0.265" 0.009 1.231 0.023
(0.0918) (0.1608) (0.0999) (1.5459)

>2y. 0437 0.175 0.400"* 0.147 0.521* 0.219 0.903* 0.229
(0.0424) (0.0707) (0.0439) (0.4808)

Obs. 16,396 4479 11,524 393

Number of synthetic banks 2380 594 1730 56

GR? 0.869 0.882 0.883 0.787

Underid. LM stat. [p-value] 98.66 [0] 207.5 [0] 606.3 [0] 7.966 [0.005]

Kleibergen-Paap F-test 88.79 2183 2516 5.619

Dependent variable: interest expense margin (IEM). Operating cost, non-interest income (NII), opportunity cost of reserves (OCR) and implicit interest payments (IIP) are in
relation to interest-paying liabilities. All models are estimated using fixed-effects 2SLS IV regressions, where Lerner index (deposits) and NII are instrumented with their own
first differences. Underid. gives the LM statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the weak
instrument statistic for clustered standard errors. Elasticities of variables are displayed on the right next to coefficients and are calculated at sample mean and multiplied by
the factor 10. Elasticities are estimated using chain rules, and are multiplied by —10 if evaluated at a negative sample mean. Standard errors are given in parentheses and are
clustered at bank level. GR? is the generalized R? criterion of Pesaran and Smith (1994) for 2SLS IV estimation.

* Significance at the 10%level.

** Significance at the 5% level.

*= Significance at the 1% level.
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Table 6
Determinants of net interest margin (NIM) with crisis interactions.

Total sample (i)

Savings banks (ii)

Cooperative banks (iii) Other banks (iv)

Coeff. Elast. Coeff. Elast. Coeff. Elast. Coeff. Elast.

Lerner index (overall) 0.073"* 11.496 0.073" 13.688 0.077* 11.405 0.059"* 7.957
(0.0037) (0.0045) (0.0041) (0.0144)

Operating cost 1.345 12.785 1417 12.935 1.507* 14.493 0.824 8.031
(0.0898) (0.1362) (0.0860) (0.2701)

Term spread (asset-liability) —0.065"" -0.018 -0.070"*" -0.016 —0.070" —0.021 —-0.055 —0.002
(0.0068) (0.0110) (0.0071) (0.0479)

Term spread x crisis 0317 0.080 0.381" 0.118 0.334" 0.081 0.126 0.015
(0.0315) (0.0491) (0.0315) (0.1553)

Excess capital 0.061"* 0.885 0.112" 1.613 0.055"** 0.796 0.026 0.322
(0.0048) (0.0112) (0.0048) (0.0174)

Excess capital x crisis —0.005™ —0.019 -0.017"" —0.065 —0.004" —0.015 0.047* 0.095
(0.0024) (0.0065) (0.0026) (0.0254)

Duration gap 0.248"" 0.963 0.285*" 1.222 0237+ 0.903 0.129 0.327
(0.0229) (0.0444) (0.0304) (0.1649)

Duration gap x crisis —0.068"" —0.058 —0.090"" —0.085 —0.055 —0.046 —0.051 —0.026
(0.0255) (0.0418) (0.0350) (0.0912)

LIBOR volatility 1.604" 2.405 1.616"" 2.824 1.676"" 2.392 1.107* 1.502
(0.0773) (0.1105) (0.0896) (0.2895)

LIBOR volatility x crisis —-0.927" —0.363 —0.829"" —0.388 -1.041" —0.387 —0.705"" —0.220
(0.0613) (0.1055) (0.0710) (0.1659)

Credit risk 0.000 0.121 0.002 0.500 0.000 0.046 0.001 0.277
(0.0007) (0.0013) (0.0008) (0.0046)

Credit-interest covariance 0.021*" 0.757 0.020" 0.856 0.023** 0.784 0.017 0.571
(0.0016) (0.0019) (0.0018) (0.0063)

Significance in crisis

Term spread [p-value] 80.22 [0] 49.38 [0] 87.07 [0] 0.203 [0.652]

Excess capital [p-value] 155.2 [0] 114.2 [0] 125.1 [0] 6.302 [0.012]

Duration gap [p-value] 56.71 [0] 16.52 [0] 43,61 [0] 0.280 [0.596]

LIBOR volatility [p-value] 76.19 [0] 40.20 [0] 33.45 [0] 2.227 [0.136]

Obs. 16,396 4479 11,524 393

Number of synthetic banks 2380 594 1730 56

GR? 0.552 0.483 0.607 0.391

Underid. LM stat. [p-value] 90.63 [0] 59.02 [0] 63.96 [o] 7.709 [0.006]

Kleibergen-Paap F-test 77.88 47.76 57.08 5.671

Variables previously denoted Bank-specific variables, Macroeconomic variables, and Revolving portfolios are included in the regressions, but, for the purpose of brevity, are not
displayed. Term spread (asset-liability), Excess capital, Duration gap, and LIBOR volatility are additionally interacted with a crisis dummy, indicating the years 2008 and 2009.
Significance in crisis reports values and p-values of the Wald test of the sum of the parameters of the non-interacted variable and the variable interacted with the crisis
dummy (variable x crisis). All models are estimated using fixed-effects 2SLS IV regressions, where the specific Lerner index and NII (not displayed) are instrumented with
their own first differences. Underid. gives the LM statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the
weak instrument statistic for clustered standard errors. Elasticities of variables are displayed on the right next to coefficients and are calculated at sample mean and
multiplied by the factor 10. Elasticities are estimated using chain rules, and are multiplied by —10 if evaluated at a negative sample mean. Standard errors are given in

parentheses and are clustered at bank level. GR? is the generalized R? criterion of Pesaran and Smith (1994) for 2SLS IV estimation.

* Significance at the 10% level.
** Significance at the 5% level.
** Significance at the 1% level.

centered banks. During the period from 2005 to 2009, Memmel
(2011) estimates the income generated from maturity transforma-
tion to be around 30 basis points for savings and cooperative
banks, and 7 basis points for other banks. Hence, the risk premia
charged in fees are of a similar magnitude and supplement these
earnings.

LIBOR volatility, proxying the macroeconomic risk of unex-
pected changes in the yield curve, is priced significantly in all
banking samples and confirms the results of previous studies
investigating banks’ NIM (e.g. Saunders and Schumacher, 2000;
Maudos and Fernandez de Guevara, 2004; Maudos and Solis,
2009). Fees charged are about 100 basis points per percentage
point of realized volatility, and are the highest for savings banks.

Credit risk is priced with a lower magnitude, but is not signifi-
cant for other banks, though the inference might suffer from the
overly small sample size here. Given positive risk components, as
found by the positive coefficients described above, we find positive
effects of excess capital for all the samples investigated. The impact
of the correlation between interest and credit risk is positive, but
only of limited economic magnitude.

Considering the bank-specific variables that are not derived
from the model, NII has the expected negative sign indicating that

interest income and non-interest income are substitutes. The coef-
ficients for IIP observed for the total sample, savings banks, and
cooperative banks are significantly negative, and therefore in vari-
ance to the predictions and findings in the literature so far (e.g.
Angbazo, 1997; Saunders and Schumacher, 2000; Maudos and
Fernandez de Guevara, 2004; Maudos and Solis, 2009). The differ-
ence to previous findings seems to be due to the NIM of German
banks being strongly influenced by operating expenses, which
seem to include some effects of implicit interest payments, such
as a branch network in close proximity or with access to ATMs.

Inflation has a positive and significant impact. Banks are able to
increase the NIM by between 0.46 percentage points and 0.72 per-
centage points, given a one percentage point increase in inflation.
As the NIM includes interest income from assets and expenses
from liabilities with maturities of more than one year where con-
tract terms have been negotiated in the past, being able to pass
inflation on to the NIM to this extent is economically important.
By contrast, GDP growth has a significantly negative impact after
controlling for inflation and the yield curve movements captured
in the revolving portfolios. A potential explanation is the greater
competition on the loan markets during economic upswings driven
by lower credit standards.



Summarizing the results for net intermediation fee income, we
find that our model predictions hold. Fees are (somewhat) reduced
when positive returns from maturity transformation are expected.
Macroeconomic and microeconomic interest rate risk, i.e. LIBOR
volatility and the bank-specific duration gap, are priced. Whereas
all this holds for the total sample as well as for savings and coop-
erative banks, we sometimes find a lack of significance for other
banks, which may be due to the overly small sample size in some
cases. However, whereas LIBOR volatility has a clear impact for
other banks, the impact of the duration gap is insignificant and
the coefficient is very small. Given that other banks include (large)
private commercial banks whose business is less traditional and
which have better access to capital markets and are, thus, more
likely to manage their smaller duration gap via derivatives rather
than on-balance, this result seems plausible.

4.3. Separation of interest income and interest expenses

In this section, we run the regressions for the interest income
margin (IIM, see Table 4) and the interest expense margin (IEM,
see Table 5) separately. Controlling for fair coupon payments from
the underlying bonds via revolving portfolios makes it possible,
based on Egs. (10) and (11), to test the model-derived hypotheses
for the loan and deposit fee separately. This analysis also reveals
which balance sheet side, loans or deposits, drives the results dis-
covered for the NIM in Section 4.2. When we run the separate
regressions, the share of the explained variation (the generalized
R?) increases—compared to the regression for the net interest mar-
gin—from around 0.54 to 0.87 in both cases.

Lerner indices are significant for both interest income and inter-
est expenses, indicating that banks can exploit their market power
by increasing intermediation fees on both the asset and liability
side, as predicted by our model. Comparing the magnitude of the
coefficients and elasticities, the results imply that market power
has a much greater impact on the asset side than on the liability
side.

By contrast, operating costs seem to be solely priced on the liabil-
ity side. Whereas the coefficients are insignificant or, at most,
weakly significant on the asset side, we find highly significant coef-
ficients (except for the sub-sample of other banks) on the liability
side.

The term spread, being an indicator of how far banks price
expected excess holding period returns, reveals the expected neg-
ative coefficient on the asset side, and here, the effect is even
greater than that observed for the net interest income. Banks are
willing to lower loan fees by 9-17 basis points for a 100 basis point
steepness in the yield curve. For liabilities, contrary to the model
predictions, we find positive coefficients, though only significant
for the sub-sample of cooperative banks and in the total sample.
Moreover, the size of the coefficients (0.01-0.02) and elasticities
(0.002-0.004) are economically negligible. Given the generally
low deposit rates and their stickiness, this suggests that the major-
ity of deposit fees are extracted via market power and the pricing
of operating cost rather than charging customers an extra fee for
expected valuation losses from an increasing term structure. This
does not seem to be implausible, as valuation risk is less relevant
for deposits—compared to loans—owing to the shorter maturity.

Similar effects can be observed for the pricing of on-balance
interest rate risk measured by the duration gap. For the asset side,
we find the expected positive and significant (except for other
banks) coefficients (0.37 and 0.57 for savings and cooperative
banks, respectively). This implies that banks charge extra interme-
diation fees when a long-term loan exposes them to interest rate
risk from maturity transformation. This fee also increases with
the risk of unexpected changes in the yield curve, measured by
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LIBOR volatility, with coefficients ranging from 0.93 to 1.67. For
the liability side, the duration gap also has positive coefficients
(0.005-0.08), but they are only significant for cooperative banks
and in the total sample. LIBOR volatility has a positive and signifi-
cant (except for other banks) impact on deposit fees as well; how-
ever, these volatility coefficients and elasticities are much smaller
than those for the asset side. This finding contradicts the theoreti-
cal model, but confirms previous evidence (Gambacorta, 2008) and
suggests that Ho and Saunders-type models neglect a certain rele-
vant relationship between deposit fee and volatility as already dis-
cussed in Section 3.2.1.

Concerning a bank’s risk aversion, measured by its excess capi-
tal, positive and significant (except for other banks) coefficients are
found on the asset side. However, results (sign and significance)
are mixed for the liability side.??

Credit risk has the expected positive sign and is significant. The
correlation between interest and credit risk is significantly nega-
tive for both the asset and liability side. The positive effect on
the NIM is, therefore, explained by the higher magnitude of the
elasticities on the liability side. However, the negative coefficients
contradict the model’s predictions for the IEM. A potential explana-
tion is that a higher correlation between interest and credit risk
increases the overall risk in credit-risky fixed-income exposures
which could encourage customers to place funds in guaranteed
deposits. This extra deposit supply would allow banks to increase
fees, i.e. to pay lower rates.

Non-interest income increases both the IIM and the IEM. The
effect is most pronounced for savings banks, while in the other
bank sample it is only significant for the IIM at the 10% level. Given
that NIl increases interest income and expenses, the negative effect
found for the NIM—an indicator for the substitute relationship
between NII and overall interest income—is driven by interest
expenses rising more strongly than interest income.”*

One effect that seems to be astonishing is that, in general, banks
decrease interest expenses with rising inflation, while the opposite
holds true for savings banks. This might be caused by the latter’s
public ownership mandate, which could make them more willing
to raise deposit rates with increasing inflation.

To summarize, we find that loan fees depend negatively on
expected holding period returns and positively on macroeconomic
interest rate risk (LIBOR volatility) and microeconomic duration
gaps. This means that banks pass part of the positive expected
holding period returns to customers but price higher risk charges
when loans compound a large duration gap and when interest rate
uncertainty is high. On the liability side, we do not find an econom-
ically relevant impact of expected excess holding period returns.
This suggests that banks do not charge higher fees in deposits as
a means of compensating for higher valuation risk compared to

22 Focusing on short-term bank rates rather than intermediation fees in Italy,
Gambacorta (2008) finds that high endowments of excess capital lead to significantly
different adjustments of loan rates but not of deposit rates, which is consistent with
our results.

23 For robustness we re-run regressions for the NIM, the IIM, and the IEM using the
share of non-interest income to total income following Stiroh (2004), and the
diversification measure proposed by Stiroh and Rumble (2006). Diversification is
defined as one minus a Herfindahl Hirshman Index of squared interest income and
non-interest income shares. Results for both alternative NII proxies are robust to the
ones reported. Fee share is negatively related to the NIM for savings and cooperative
banks. This result is driven by fee share having a stronger positive impact on the IEM
compared to the IIM. Higher degrees of diversification are negatively related to fee
shares, and therefore significantly positively related to the NIM for savings and
cooperative banks. Effects are driven by a significantly negative impact on the IEM,
but no significant impact is observed for the [IM. Additionally, including the share of
trading income as an explanatory variable or in the calculation of the diversification
measure does not change our results significantly, but diminishes statistical
significance. The share of trading income itself is always insignificant, even for other
banks. Hence, our results are driven by fee income, which serves as a substitute
income source for interest income.



16

Table 7
Determinants of interest margin (IIM & IEM) with crisis interactions.

Total sample (i) Savings banks (ii) Cooperative banks (iii) Other banks (iv)
Coeff. Elast. Coeff. Elast. Coeff. Elast. Coeff. Elast.

Panel A: Interest income margin (1IM)

Lerner index (assets) 0.060" 5.455 0.049" 4.695 0.066"" 5.954 0.067" 5.565
(0.0041) (0.0060) (0.0066) (0.0120)

Operating cost —0.395"" -1.817 —0.370"" —1.452 —0.530"" —2.563 —0.159 -0.778
(0.0624) (0.1284) (0.0599) (0.2509)

Term spread (assets) -0.199* -0.198 -0.139" -0.143 -0.161" -0.158 -0.171" —-0.166
(0.0237) (0.0271) (0.0288) (0.0930)

Term spread x crisis 0.386" 0.108 0.300"* 0.089 0.618"* 0.171 —0.615* -0.114
(0.0714) (0.0795) (0.0771) (0.3487)

Excess capital 0.041* 0.254 0.040"" 0.212 0.056"" 0.366 -0.014 -0.079
(0.0070) (0.0089) (0.0075) (0.0199)

Excess capital x crisis —0.006 —0.009 0.003 0.004 —0.016"" —0.024 0.028 0.026
(0.0040) (0.0069) (0.0040) (0.0401)

Duration gap 0.375" 0.627 0.449 0.714 0.520" 0.895 0.083 0.097
(0.0464) (0.0884) (0.0742) (0.1051)

Duration gap x crisis —0.047 -0.017 -0.110" —-0.039 —0.041 —-0.015 0.153 0.036
(0.0323) (0.0499) (0.0310) (0.1318)

LIBOR volatility 3.389" 2.185 2.355™ 1.527 3.641" 2.345 3.154" 1.973
(0.2598) (0.2704) (0.3861) (0.6412)

LIBOR volatility x crisis —3.261"" —0.550 —2.530"" -0.439 —3.852"" —0.646 —1.687" —0.243
(0.2968) (0.3122) (0.4097) (0.7597)

Credit risk 0.008"* 0.850 0.010"* 1.069 0.005"* 0.508 0.015* 1.666
(0.0017) (0.0018) (0.0010) (0.0084)

Credit-interest covariance —0.036"" -0.574 -0.030"" -0.476 —0.043* -0.677 -0.027"" —-0.407
(0.0024) (0.0024) (0.0037) (0.0063)

Significance in crisis

Term spread [p-value] 6.532 [0.011] 5.583 [0.018] 60.32 [0] 4.594 [0.032]

Excess capital [p-value] 22.80 [0] 19.35 [0] 35.82 [0] 0.0883 [0.766]

Duration gap [p-value] 37.93 [0] 18.09 [0] 50.95 [0] 2.737 [0.098]

LIBOR volatility [p-value] 0.567 [0.451] 1.650 [0.199] 6.255 [0.012] 14.97 [0]

GR? 0.868 0.896 0.891 0.661

Underid. LM stat. [p-value] 72.75 [0] 36.73 [0] 37.00 [0] 7.797 [0.005]

Kleibergen-Paap F-test 97.96 62.26 37.08 5.171

Panel B: Interest expense margin (IEM)

Lerner index (deposits) —-0.010"" —0.894 -0.017*" -1.381 —0.009 -0.775 -0.021* -1.957
(0.0005) (0.0011) (0.0005) (0.0039)

Operating cost —0.235"" —2.080 —0.582" -3.971 —0.264"" —2.546 —0.055 —0.543
(0.0459) (0.0686) (0.0211) (0.2125)

Term spread (liabilities) 0.009* 0.015 —-0.010 -0.017 0.027* 0.045 0.010 0.018
(0.0048) (0.0093) (0.0049) (0.0528)

Term spread x crisis —0.034 —0.011 —0.043 -0.014 —0.048" —0.016 0.008 0.002
(0.0211) (0.0390) (0.0231) (0.2283)

Excess capital 0.004 0.051 0.034" 0.326 0.002 0.020 —0.028" —0.291
(0.0032) (0.0060) (0.0028) (0.0131)

Excess capital x crisis —0.008"" —0.023 —0.022"" —0.055 —0.002 —0.005 —0.038 —0.067
(0.0028) (0.0051) (0.0029) (0.0272)

Duration gap 0.018 0.059 —0.024 —0.069 0.036" 0.125 —0.055 -0.121
(0.0189) (0.0335) (0.0192) (0.1103)

Duration gap x crisis 0.050" 0.036 —0.007 —0.005 0.125" 0.093 0.205* 0.090
(0.0214) (0.0313) (0.0235) (0.0849)

LIBOR volatility 0.321" 0.401 0.674" 0.791 0317 0.407 0.319 0.375
(0.0496) (0.0610) (0.0354) (0.2413)

LIBOR volatility x crisis -0.275"" —-0.090 -0.657"" —-0.206 —0.486"" -0.162 —0.408 -0.110
(0.0819) (0.1150) (0.0784) (0.4426)

Credit-interest covariance —0.009"" —0.268 —0.014" -0.399 —0.009" -0.293 —0.015" —0.440
(0.0009) (0.0010) (0.0006) (0.0051)

Significance in crisis

Term spread [p-value] 1.430 [0.232] 1.868 [0.172] 0.878 [0.349] 0.006 [0.939]

Excess capital [p-value] 1.203 [0.273] 3.732 [0.053] 0.004 [0.952] 5.379 [0.020]

Duration gap [p-value] 8.350 [0.004] 0.612 [0.434] 34.61 [0] 0.938 [0.333]

LIBOR volatility [p-value] 0.723 [0.395] 0.0421 [0.837] 6.887 [0.009] 0.071 [0.790]

GR? 0.869 0.883 0.884 0.792

Underid. LM stat. [p-value] 91.07 [0] 173.6 [0] 561.3 [0] 8.188 [0.004]

Kleibergen—Paap F-test 72.30 195.4 1314 6.048

Obs. 16,396 4479 11,524 393

Number of synthetic banks 2380 594 1730 56

Variables previously denoted Bank-specific variables, Macroeconomic variables, and Revolving portfolios are included in the regressions, but, for the purpose of brevity, are not
displayed. Term spread, Excess capital, Duration gap, and LIBOR volatility are additionally interacted with a crisis dummy, indicating the years 2008 and 2009. Significance in
crisis reports values and p-values of the Wald test of the sum of the parameters of the non-interacted variable and the variable interacted with the crisis dummy (variable x
crisis). All models are estimated using fixed-effects 2SLS IV regressions, where Lerner index and NII (not displayed) are instrumented with their own first differences. Underid.
gives the LM statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the weak instrument statistic for clustered
standard errors. Elasticities of variables are displayed on the right next to coefficients and are calculated at sample mean and multiplied by the factor 10. Elasticities are
estimated using chain rules, and are multiplied by —10 if evaluated at a negative sample mean. Standard errors are given in parentheses and are clustered at bank level. GR? is
the generalized R? criterion of Pesaran and Smith (1994) for 2SLS IV estimation.

* Significance at the 10% level.

** Significance at the 5% level.

*= Significance at the 1% level.



funding in the money market. We find evidence that macroeco-
nomic interest rate risk is priced. However, the coefficient does
not have the model-derived sign. Our results on the impact of
the duration gap are mixed, suggesting that the effect, if it exists,
is not strong and only valid for the smallest of the banks in our
sample, i.e. cooperative banks. All in all, the different pictures for
assets and liabilities imply that the results for the NIM are mainly
driven by the asset side.

4.4. Impact of financial crisis

The last two years of our sample period from 2000 to 2009 are
years of financial turmoil. Although the German banking system
was on the whole less affected than other systems, some of our
results might be influenced by this time of high uncertainty. To
analyze possible effects, we repeat the regressions from Tables
3-5, but additionally interact the variables we are most interested
in, i.e. term spread, duration gap, and LIBOR volatility, with a
dummy for the crisis years 2008 and 2009. We also interact excess
capital as a proxy for risk aversion that may play an important role
in times of crisis. It should be noted that, since LIBOR volatility is
not bank-specific, any estimation of the impact of the interacted
LIBOR volatility may suffer from the absence of cross-sectional var-
iation as it covers only two years in the time series dimension.

Tables 6 and 7 report the results for the NIM, and for the IIM and
IEM, respectively. For the sake of brevity, they do so only for the
model-derived variables.>* In the following, we concentrate our
analysis on the four variables which we interacted.

First, examining results for the NIM in Table 6, we find that the
non-interacted coefficients of the term spread are again negative,
and in general slightly more pronounced and of the same signifi-
cance compared to the whole sample period reported in Table 3.
They range from —0.07 for savings and cooperative banks to
—0.055 for other banks. The interacted coefficients capturing the
diverging impact during the financial crisis are positive and exceed
those previously presented in terms of their magnitude (from
0.381 to 0.126). The respective sums of both coefficients (e.g.
—0.07 +0.381=0.311 for savings banks) represent the pricing
impact during the financial crisis. They are positive, and tests are
highly significant for all but the other bank sample.?® This suggests
that the negative impact of the term spread on net intermediation
fees—as predicted by our model—holds but is distorted during the
financial crisis.

Analogous analyses for the remaining variables show that the
microeconomic duration gap and the macroeconomic LIBOR volatil-
ity keep their sign and significance in the crisis years, except for
other banks where LIBOR volatility becomes insignificant. Likewise
for savings and cooperative banks, the initial coefficient of LIBOR
volatility is reduced by more than 50% during the financial crisis.

Regarding excess capital, we find that the financial crisis had no
economically relevant impact in the case of savings and coopera-
tive banks. For the sample of other banks, non-interacted coeffi-
cients are insignificant (0.026), but adding the interacted
coefficient (0.026 +0.047 = 0.073) turns the overall effect signifi-
cantly positive with a p-value of 1.2%, as can be seen in the second
line, fourth column in “significance in crisis” at the bottom of the
table. This implies that the overall effect for other banks found in
Table 3 is mainly driven by the financial crisis, a time in which
equity was of the greatest value to them.

24 The results for the unreported variables are qualitatively very similar to the
results presented in Tables 3-5. Minor differences appear for the significance levels of
the net revolving portfolios compared to Table 3 for the NIM and the macroeconomic
variables, i.e. GDP growth and inflation rate, compared to Table 5 for the IEM.

25 Values and p-values of the Wald test of the sum of the parameters of the non-
interacted variable and the variable interacted with the crisis dummy (variable x
crisis) are provided under “significance in crisis” at the bottom of the table.
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Turning to the disentangled results for interest income and
expenses in Table 7, we see that the positive effect, reported above,
of the term spread on the NIM during the crisis years is driven by the
asset side, i.e. the IIM. Non-interacted coefficients are significantly
negative for the IIM in all samples, in line with expectations. How-
ever, high positive interacted coefficients (except for other banks)
overcompensate for these effects during the financial crisis. Only
in the case of other banks are the interacted coefficients highly neg-
ative, with the result that they strengthen the negative impact
observed for the non-interacted coefficients. By contrast, for liabili-
ties, the sum of coefficients capturing the effect of the term spread
during the financial crisis is not significant in any regression. During
normal times, again, we observe slightly positive significant coeffi-
cients solely for cooperative banks, as already shown in Table 5.

For the duration gap, in qualitative terms, we find the same
results for the asset side as in our previous analyses. It is positively
priced in both normal times and the crisis years, except for other
banks owing to insignificant effects. On the liability side, we find
the expected positive coefficients during normal times solely for
the cooperative banks sample. However, interacted coefficients
are significantly positive for cooperative and other banks and
almost four times higher than in the non-interacted case. The over-
all effect during the financial crisis, i.e. the sum of coefficients, is
positive and significant for the cooperative banks. The significance
in the other bank sample might again suffer from the small sample
size. This suggests that many banks with a higher duration gap
reduced deposit fees in the crisis years in order to stabilize their
funding at a time when external funding, in general, was more
expensive.

A surprising effect can be found for LIBOR volatility; however,
as mentioned above, this has to be interpreted with caution.
Whereas the non-interacted coefficients for both the asset and
liability side are positive and significant as in the previous anal-
yses of Tables 4 and 5, the interacted coefficients are negative
and highly significant, leading to an insignificant combined effect
in most cases. On the asset side, the effect only remains signifi-
cant for other banks, however, turning significantly negative for
cooperatives. Remembering the reduced coefficients found for
the NIM, the analysis suggests that banks were unable to price
the record-high volatility in interbank market rates during the
financial crisis to the same degree as LIBOR volatility during nor-
mal times.

With regard to excess capital endowments, against the predic-
tions of the theoretical model, we still find a significantly positive
impact for cooperative banks on the liability side. However, the cri-
sis led to a significant reduction in the previously observed effect.
For other banks, the crisis enforced the pricing of equity in line
with the model, i.e. excess capital leads to reductions in interest
expenses. On the asset side, no significantly different pricing pat-
tern can be observed.

5. Concluding remarks

In this paper we analyze how interest risk exposure from matu-
rity transformation is priced into banks’ intermediation fees. We
extend the theoretical dealership model of Ho and Saunders
(1981) to incorporate loans and deposits with differing maturities,
making the bank sensitive to valuation risk when positive shifts in
the yield curve diminish the market value of equity. In so doing, we
explicitly integrate one of the central functions of financial inter-
mediation, that of maturity transformation, into the model. The
model implies that the fees banks charge on loans and deposits
depend on both the macroeconomic risk of unexpected changes
in interest rates and the bank-specific microeconomic exposure
to this risk, i.e. the maturity gap, as well as expected holding period
returns from maturity transformation.



18

We test the model-implied hypotheses for the German com-
mercial banking sector, a bank-based financial system in which
maturity transformation evolves as a consequence of liquidity cre-
ation by financial intermediaries. Many of these chiefly small and
medium-sized banks manage interest risk on-balance, which
makes the dataset suitable for our analysis.

In contrast to earlier studies, we investigate not only net inter-
est income but also the interest income and expense margin sepa-
rately. Our results show that all banks price the macroeconomic
risk of interest rate volatility by charging higher loan fees and pay-
ing higher deposit rates, where our model—in line with other Ho
and Saunders-type models—would predict lower deposit rates.
The microeconomic risk of the specific on-balance duration gap
is priced by the savings and cooperative banks in the net interest
income margin, and these results are driven via loan pricing on
the asset side. On the liability side, we find that interest rate risk
exposure is priced only by cooperative banks. The fees of larger pri-
vate commercial banks with access to capital markets, on the other
hand, are not sensitive to on-balance interest rate risk.

A limitation of our model is that it addresses maturity transfor-
mation in a single-period context. In a multi-period model, an
inversion of the term structure, where the risk of losses due to
increased funding costs can materialize, could be allowed for.
Asset-liability rebalancing with respect to the shape of the yield
curve could be imbedded as well. Moreover, a multi-period model
might allow the bank’s and customers’ expectations about the
future shape of the yield curve to be included. Based on their
expectations the bank and its customers might develop prefer-
ences for multi-period contracts (loans or deposits) or decide to
roll over single-period contracts.

Acknowledgments

This paper represents the authors’ personal opinions and does
not necessarily reflect the views of the Deutsche Bundesbank.
The research for this paper was partly conducted while Benedikt
Ruprecht was a visiting researcher at the Deutsche Bundesbank.
He would like to thank the Deutsche Bundesbank for its hospitality
and Cusanuswerk for its financial support. We are grateful to the
participants of seminars at Barcelona GSE, the Deutsche Bundes-
bank, University of Liechtenstein, the 3rd Conference on “Global
Financial Markets”, Jena, the 1st Workshop on “Banks and Finan-
cial Markets”, Augsburg, the 12th Symposium on Finance, Banking,
and Insurance, Karlsruhe, the 4th IFABS Conference, Valencia, the
21st EFMA Conference, Barcelona, the 27th EEA, Malaga, and the
19th German Finance Association (DGF) Meeting, Hanover. We
would especially like to thank an anonymous referee, Benjamin
Boninghausen, Ulrich Hege, Frank Heid, Thomas Katzschner, Moshe
Kim, Lars Norden and Sofia Ramos for their helpful comments on
an earlier draft of this paper, and Thomas Kick for providing data.
Financial support from the competence center for Global Business
Management at the University of Augsburg is gratefully acknowl-
edged. All remaining errors are our own.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jbankfin.2014.12.
001.

References

Albertazzi, U., Gambacorta, L., 2009. Bank profitability and the business cycle.
Journal of Financial Stability 5 (4), 393-409.

Allen, L., 1988. The determinants of bank interest margins: a note. Journal of
Financial and Quantitative Analysis 23 (2), 231-235.

Allen, F., Gale, D., 1997. Financial markets, intermediaries, and intertemporal
smoothing. Journal of Political Economy 105 (3), 523-546.

Allen, F., Santomero, A.M., 2001. What do financial intermediaries do? Journal of
Banking and Finance 25 (2), 271-294.

Angbazo, L., 1997. Commercial bank net interest margins, default risk, interest-rate
risk, and off-balance sheet banking. Journal of Banking and Finance 21 (1), 55—
87.

Bhattacharya, S., Thakor, A.V., 1993. Contemporary banking theory. Journal of
Financial Intermediation 3 (1), 2-50.

Blanchard, O., Dell'Ariccia, G., Mauro, P., 2010. Rethinking macroeconomic policy.
Journal of Money, Credit and Banking 42, 199-215.

Borio, C., Zhu, H., 2012. Capital regulation, risk-taking and monetary policy: a
missing link in the transmission mechanism? Journal of Financial Stability 8 (4),
236-251.

Brock, P.L., Suarez, L.R., 2000. Understanding the behavior of bank spreads in Latin
America. Journal of Development Economics 63 (1), 113-134.

Brunner, A., Decressin, ]., Hardy, D., Kudela, B., 2004. Germany’s three-pillar banking
system: cross-country perspectives in Europe. International Monetary Fund,
Washington, DC, Occasional Paper No. 233.

Brunnermeier, M.K., Oehmke, M., 2013. The maturity rat race. Journal of Finance 68
(2), 483-521.

Brunnermeier, M.K., Yogo, M., 2009. A note on liquidity risk management. American
Economic Review Papers and Proceeding 99 (2), 578-583.

Busch, R, Kick, T., 2009. Income diversification in the German banking industry.
Working Paper. Deutsche Bundesbank Discussion Paper Series 2: Banking and
Financial Studies No. 9/2009.

Campbell, J.Y., Ammer, J., 1993. What moves the stock and bond markets? A variance
decomposition for long-term asset returns. Journal of Finance 48 (1), 3-37.
Carbd, S.V., Rodriguez, F.F., 2007. The determinants of bank margins in European

banking. Journal of Banking and Finance 31 (7), 2043-2063.

Claeys, S., Vander Vennet, R., 2008. Determinants of bank interest margins in
Central and Eastern Europe: a comparison with the West. Economic Systems 32
(2), 197-216.

Cochrane, J.H., Piazzesi, M., 2005. Bond risk premia. American Economic Review 95
(1), 138-160.

Demirgii¢-Kunt, A., Huizinga, H., 1999. Determinants of commercial bank interest
margins and profitability: some international evidence. The World Bank
Economic Review 13 (2), 379-408.

Ehrmann, M., Worms, A., 2004. Bank networks and monetary policy transmission.
Journal of the European Economic Association 2 (6), 1148-1171.

Fama, E.F., Bliss, R.R, 1987. The information in long-maturity forward rates.
American Economic Review 77 (4), 680-692.

Fama, E.F., French, K.R., 1989. Business conditions and expected returns on stocks
and bonds. Journal of Financial Economics 25 (1), 23-49.

Flannery, M.]., James, C.M., 1984. The effect of interest rate changes on the common
stock returns of financial institutions. Journal of Finance 39 (4), 1141-1153.

Freixas, X., Rochet, ].-C., 2008. Microeconomics of Banking, second ed. MIT Press.

Froot, K.A., Stein, J.C., 1998. Risk management, capital budgeting, and capital
structure policy for financial institutions: an integrated approach. Journal of
Financial Economics 47 (1), 55-82.

Gambacorta, L., 2008. How do banks set interest rates? European Economic Review
52 (5), 792-819.

Gambacorta, L., Mistrulli, P.E., 2004. Does bank capital affect lending behavior?
Journal of Financial Intermediation 13 (4), 436-457.

Greenbaum, S.I., Thakor, A.V., 2004. Contemporary Financial Intermediation,
second ed. Butterworth Heinemann.

Hellwig, M., 1994. Liquidity provision, banking, and the allocation of interest rate
risk. European Economic Review 38 (7), 1363-1389.

Ho, T.S., Saunders, A., 1981. The determinants of bank interest margins: theory and
empirical evidence. Journal of Financial and Quantitative Analysis 16 (4), 581-
600.

IImanen, A., 1995. Time-varying expected returns in international bond markets.
Journal of Finance 50 (2), 481-506.

Kleibergen, F., Paap, R., 2006. Generalized reduced rank tests using the singular
value decomposition. Journal of Econometrics 133 (1), 97-126.

Lepetit, L., Nys, E., Rous, P., Tarazi, A., 2008. The expansion of services in European
banking: Implications for loan pricing and interest margins. Journal of Banking
and Finance 32 (11), 2325-2335.

Maudos, J., Fernandez de Guevara, J., 2004. Factors explaining the interest margin in
the banking sectors of the European Union. Journal of Banking and Finance 28
(9), 2259-2281.

Maudos, |., Fernandez de Guevara, J., 2007. The cost of market power in banking:
social welfare loss vs cost inefficiency. Journal of Banking and Finance 31 (7),
2103-2125.

Maudos, J., Solis, L., 2009. The determinants of net interest income in the Mexican
banking system: an integrated model. Journal of Banking and Finance 33 (10),
1920-1931.

McShane, R., Sharpe, I, 1985. A time series/cross section analysis of the
determinants of Australian trading bank loan/deposit interest margins: 1962-
1981. Journal of Banking and Finance 9 (1), 115-136.

Memmel, C., 2008. Which interest rate scenario is the worst one for a bank?
evidence from a tracking bank approach for German savings and cooperative
banks. International Journal of Banking, Accounting and Finance 1 (1), 85-104.

Memmel, C., 2011. Banks’ exposure to interest rate risk, their earnings from term
transformation, and the dynamics of the term structure. Journal of Banking and
Finance 35 (2), 282-289.



Nguyen, J., 2012. The relationship between net interest margin and noninterest
income using a system estimation approach. Journal of Banking and Finance 36
(9), 2429-2437.

Pesaran, M.H., Smith, RJ., 1994. A generalized R? criterion for regression models
estimated by the instrumental variables method. Econometrica 62 (3), 705-
710.

Purnanandam, A., 2007. Interest rate derivatives at commercial banks: an empirical
investigation. Journal of Monetary Economics 54 (6), 1769-1808.

Saunders, A., Schumacher, L., 2000. The determinants of bank interest rate margins:
an international study. Journal of International Money and Finance 19 (6), 813-
832.

Schmidt, R.H., Hackethal, A., Tyrell, M., 1999. Disintermediation and the role of banks
in Europe: an international comparison. Journal of Financial Intermediation
8(1-2),36-67.

19

Sealey Jr., CW.,, Lindley, J.T., 1977. Inputs, outputs, and a theory of production and
cost at depository financial institutions. Journal of Finance 32 (4), 1251-1266.

Segura, A., Suarez, J., 2012. Dynamic, maturity transformation. Working Paper
CEMFIL.

Stiroh, K., 2004. Do community banks benefit from diversification. Journal of
Financial Services Research 25, 135-160.

Stiroh, K., Rumble, A., 2006. The dark side of diversification: the case of US financial
holding companies. Journal of Banking and Finance 30 (8), 2131-2161.

Stock, J.H., Yogo, M., 2005. Testing for weak instruments in linear IV regressions. In:
Andrews, D.W.K,, Stock, J.H. (Eds.), Identification and Inference for Econometric
Models: Essays in Honor of Thomas ]. Rothenberg. Cambridge University Press,
pp. 80-108 (Ch. 5).

Wooldridge, ].M., 2001. Applications of generalized methods of moments
estimation. Journal of Economic Perspectives 15 (4), 87-100.



Determinants of Bank Interest Margins:

Impact of Maturity Transtformation

Internet Appendix

November 2014

Note: References in the form of Section number, (number), and Table

number refer to the respective sections, equations, and tables in the paper.



Contents

A Generalized model: multi-output framework

B Lerner indices

C Modified duration gaps

D Revolving portfolios

E Robustness

E1 GMM . . o

E.2 Alternative margins . . . . . . . . . . ...

References

11

13

14

15

16

17



Appendix A Generalized model: multi-output frame-

work

To generalize our model from Section 2 to a multi-output model, we allow the bank to
additionally sell a second asset class N that we interpret similarly to Carbé and Ro-
driguez (2007) and Maudos and Solis (2009) as non-traditional banking (NTB) activities.
For example, we could think of loan commitments representing typical off-balance sheet
business. The present value of the NTB position held by the bank is denoted Ny and the
value in 7' is given by (1 +ry + ZN> Ny, where ry is the expected return and Z N 1s a
normal random variable with expectation zero and variance o3 capturing the valuation
risk per T'. The covariance between Zy and the loan risk Z;, = Z; + Z¢ (deposit risk Z D)
is denoted oy (onp).! Managing the NTB portfolio generates cost C(Ny).

As in the case of loans, the bank earns an up-front fee by when selling a new NTB
with exogenous transaction size () that arrives with intensity Ay, assuming Qn = Qp,
for ease of computation in the following.? Analogously to our original model, the intensity
for a new NTB (loan) arrival decreases with the NTB (loan) fee by (by,), but it increases
with the loan (NTB) fee by (by). This allows us — as in Allen (1988), Carb6 and
Rodriguez (2007) and Maudos and Solis (2009) — to capture price-driven substitution

effects in customers’ demand between traditional and non-traditional banking business.

ITo keep formulae simple in the following, we do not decompose the loan risk into interest rate

risk and credit risk as it is done in Section 2. Note that the following relations hold by definition:

O‘% :O'?—I—QO’[C-FO'(%, oLp =0ip+ocp and o,y =0orN +0CN-

2The assumption Qn = @, can easily be relaxed, but we find it also realistic in the case of loan

commitments that can be seen as substitute products for loans.



The intensity for deposits remains unchanged compared to Section 2, i.e. we set:

)\D = O&p — BD X a, (Al)
)\L:OZL—BLXZ)L—F(SNXZ)N, (AQ)
/\NzaN_ﬁN XbN+5L XbL, (A?))

where 0y and d; > 0 denote the cross-elasticities of demand. Note that the derivation
and the model results from Section 2 can be achieved as a special case by setting Ny =
Qn=0y=20,=0.

Given this setup, the bank’s present wealth is Wy = Lq+ No— Do+ My, and the value

in T" equals:

WT:(1+T‘L+ZL)LQ+(1+TN+ZN)NO—(1+’I“D+ZD)D0+(1+T)MO—O,

(A.4)

where C' = C' (Ly) + C (No) + C (Dy) denotes total cost. Expected wealth per T' equals
W = EWr) = (14+7) Lo+ (1+7ry)Nog — (14+7p) Do + (1 +7) My — C. Based on
W-W =2 Lo + 7 ~vINg — ZODO and using second-order Taylor series expansion of U
around W as in, e.g. Angbazo (1997) and Maudos and Fernandez de Guevara (2004), we

obtain the expected end-of-period utility:

BU(W) = U (W) + 0 (W) B (W - W) + 50" (W) B (W - 7))
=U (W) + %UU (W) {O’%Lg + O'JQVNOQ + QO'LNL()NQ — 2ULDLODO — QO'NDN()DO + O'QDD(Q)} .

(A.5)



If a new loan (deposit) arrives, the loan (deposit) position increases by @ (Qp) and the
money market account changes by —(1—0b.)Qr (+(14bp)Qp) because the loan (deposit)
is financed via (put into) the money market account and the fee is invested in it. In the
case of NTB, we assume that the fee is also invested in the money market account, but
the NTB need not get be financed when conducted, which we find realistic, for example,
in the case of loan commitments.> Consequently, the money market account increases by
by@n. Thus, the bank’s wealth W|Q, in T, given that a single transaction x = L, N, D

occurs, is:

WIQr =Wr+ (1+7r,+ Z1) Qu — (1+7)(1 = bp)Qr — C(Qu), (A.6)
WIQn =Wr+ (14 71y + Zx) Qu + (14 1)byQx — C(Qn), (A7)
WIQp =Wy — (1+7rp+Zp) Qo+ (1+7)(1 +a)Qp — C(Qn). (A.8)

This implies:

WIQr =W = Zp(Lo+ QL) + ZyNo — ZpDo+ [(1 +71) — (1 +7)(1 = b1)] Q1 — C(QL),
(A.9)

WlQN —W= ZLLO + ZN(NO + QN) — ZDD() + [(1 + T’N) -+ (1 + T’)bN] QN — C(QN)7

(A.10)

W|Qp —W = ZyLo+ ZyNo — Zp(Do + Qp) + [(1 +7)(1 4+ a) — (1 +7p)]@p — C(Qp).

(A.11)

3This assumption can easily be changed. In cases where NTB is fully financed via the money market

account, the term 1+ ry is replaced by ry — r in the final equations (A.20) and (A.21).



Based on (A.6) to (A.11), we calculate analogously to (A.5) the expected end-of-period
utility BU(W|Q,) = U (W)+U" (W) E (W|Q, — W)+iU" (W) E ((W|Qx - W)z) =
L, N, D via second-order Taylor series approximation around W and afterwards the changes
in expected utility, given that the respective transaction occurs, AEU(W|Q,) = EU(W|Q.)—

EU(W), which yields:

AEUW|QL) =U" (W) [[(1+71) = (1+7)(1 = b)] Q — C(Qy)] (A.12)
+ %U” (W) [U% <2L0QL + Qi) +20,nQrNo — 201,pQ 1. Do

(T +7L) = (T +7)(1—=b.)]Qr — C(QL)]Q} ;

AEUWI|Qx) =U" (W) [[(L+7x) + (1+1)bw)] Qv = C(Qu)] (A.13)
+ %U” (W) [O'IQV (QN()QN + Q?\[) + QULNQNLO - QO'NDQNDO

+{[(1+rn) + (1L +7)b8]Qn — CQN)]],
AEUW|Qp) =U" (W) [[(1+7)(1+a) = (1 +75)]Qp — C(Qp)] (A.14)
+ %U” (W) |03 (2D0@Qp + Q%) — 20.0Qp Lo — 20xpQpNo
+[(1+7)(1+a) = (1+7)]Qp — C(Qp)] .

The bank sets fees to maximize its expected end-of-period utility, i.e. the problem of

maximization is as follows:

max EU(AW) = ApAEUW|Qp) + A\LAEUW|Q1) + ANAEU(W|Qy),  (A.15)

abr by



given that at most a single transaction occurs. First-order conditions imply:

—8E[Ja'§)?W) = —[BLAEUW|QL) + )\LaAE%é‘jf|QL) + 0, AEU(W[QN) =0, (A.16)

OBURAW) _ 45 ABU(W|Q) + Ay PREUWICN) 5 A ptvign) =0, (a17)
b Yy

OBUBY) _  ABU(WIQ0) + 2,22 WD) _ (A1)

Solving equations (A.16) to (A.18) is straightforward. For example, (A.16) means:

_ OAEU(W)
- by

= =B [U" (W) [[(1+71) = (1 +7)(1 = b)]Qr — C(Qu)]

0

1 — N T . .

—U” W O'i 2L0 L é QO'LNN() L_QULD LD()
30 (7)o (1 - 08) o —2mpin ]
+ (ap — Brbr + onby)U’ (W) (1+7r)QL
+05, (U (W) [[(1+7r3) + (1 +7)bm)IQn — C(Qw)]

‘*‘%U” (W) [‘712\/ <2NOQN + Q?v) +20nvLoQN — QUNDQNDOH ;

where we make — analogously to Ho and Saunders (1981) and subsequent model ex-
tensions such as Angbazo (1997) and Maudos and Fernandez de Guevara (2004) — the
assumption that second-order terms of fees, expected returns and operating cost, e.g.

[(T+7ry)— (1+7)(1—0b.)]Qr — C(Qr)]? in (A.12), are negligible. Multiplying (A.19) by

1 . _ . . . .
I GEAACTE using ), = @, and collecting and rearranging terms yields the optimal



loan fee:

b =

lap, 1 C(Qp)  1rp—r

28, T30, 1+ 2147
1 U// (W) [O’% (2L0 + QL) + QO'LNNO - ZO'LDD()]
4y (W) (L+7)

(A.20)
5L 5N 1 C(Qn) 1147y
— 1)by — = —
ﬁL 2Qn(1+7r)  2(1+7)
1 U" (W) 03 (2No + Q) + 201w Lo — 20w D]
dur (W) (1+r)
Analogously, we obtain representations for the optimal NTB and deposit fee:
* 1 O“/N 1 (QN) 11+ N
by = _ -
251\[ 2QN(1+T’) 2(1+T’)
1U”( ) 0' 2N0+QN)+20-LNLO_20'NDD0]
4 ( ) (1+47r)
(A.21)
5_N 1 5_ b C(Qw) I —r
3y |2 FroqQui+r) T 20140
1 <W> 02 (2Lo + Q1) + 2015 No — 2010 Dy)
1o () (i+7) |
* _la_D 1 ( ) 1 'p—T
28p 2Qp(L+7r)  2(1+7)
1 (A.22)
LU (W) [0, (2D + Qo) — 2010 Lo — 20w Vo]
4 1y ( ) (147r)

The first two lines of the optimal loan fee b5 (A.20) in this generalized model basically

coincide with the loan fee b* (10) derived from our model in Section 2. The only exception

is the term 20,5 Ny measuring the degree of diversification between loans and NTB. By

contrast, the last two lines of (A.20) make the key difference between the loan fee in our



original and the generalized multi-output model. Depending on the sign of % (5—12 + 1) by —

U (w)
) ) — remember 7= < 0 — the

1 C(QN) 114ry + lU”(W) [O'sz(2N0+QN)+20'LNL[)—QO'NDD[):|
2onttn) T 30e) T 1

introduction of a second output can lead to higher or lower optimal loan fees compared to
the single-output case, but the sign cannot be specified ex ante, which essentially matches
the result obtained by Allen (1988) and Carb6 and Rodriguez (2007). The overall effect
depends on the cross-elasticities of demand, risk aversion, cost and expected return of
NTB as well as its risk characteristics.

Comparing the optimal deposit fee a* of our original model (11) and the general-
ized model (A.22) produces minor differences. The last summand of (A.22) additionally

includes the term —2o0y5p Ny measuring the hedging relationship between deposits and

NTB.

Appendix B Lerner indices

A single-product Lerner index is defined as the output price minus marginal cost divided

by price, and equals the inverse of elasticity of demand for the output:

V'pp — MCTA 1

(B.1)

(W) ~ Ne TA (i*TAy

where mc 74 are marginal costs encompassing financial expenses. € 74 represents the
elasticity of output demand in a market encompassing N banks. The output price i (the
interest rate that the bank charges) is assumed to be exogenous and is proxied by interest

income / interest-earning assets. Marginal costs for overall market power are estimated



from a single-output (total assets, T'A), three-input translog cost function. The input
prices comprise: (i) cost of labor wy, (ii) cost of physical capital we, and (iii) cost of
funding w3. The input prices are proxied as: (i) w; personnel cost / number of full-time
equivalent employees measured in 1,000; (ii) wy operating cost excluding personnel cost
/ fixed assets; (iii) ws interest expenses paid / total interest-paying liabilities. Equity
Eq is included as a net output and a time trend 7T'r, specified as time dummies, captures
technical change. The translog cost function has the following form and is estimated using
fixed bank effects to control for unobserved heterogeneity. The usual symmetry and linear
homogeneity in input price restrictions are imposed.
Incy =v; +va4 InTA; + %%m (InTA;)* + 23: Vp 1n wp

h=1
3

1 3 3
+ 3 Z Vam 10 Whip 1IN Wi + Z Yha Inwpy T Ay +ve In Egy
h=1m=1 h=1
1 3
+357EE (In Bqit)* +vpa M Bgy T Ay + Y e Inwpy In Egy (B.2)

h=1

1
+vr Tr+ §7TT (Tr)2 +97ra Tr InTA;

3
+ Z Yrn Tr Inwpy + yre Tr In Eq; + Inug.
h=1

Marginal costs mc 14, are derived from

3

mera,, = [’YA + 744 MTAy + > Vo4 mwpy +vpa M Egy + 74 TT}
h=1

Cit

TAy

(B.3)

Separate Lerner indices for interest-bearing assets and liabilities are derived from first-

order conditions of profit maximization in the Monti-Klein model and expressed as (see



Freixas and Rochet, 2008, p. 58):

v — 1 —mcp, 1 1 —1"p —mcp 1
iy Ne p (i*) “p Ne p (i"p) (B4)

where ¢ ;, 7 p and 7 are the interest rates set on loans, deposits and the interbank market,
respectively. To estimate the marginal cost, we follow the two-product output approach
of Maudos and Ferndndez de Guevara (2007). 4 p is proxied to equal interest income
/ interest-earning assets, and i p equals interest expenses / interest-paying liabilities.
The yearly average of the six-month LIBOR rate presents the interbank funding rate.
Marginal costs are estimated using a two-product output translog cost function, including
loans L and deposits D. Loans are proxied by interest-earning assets less bonds held and
deposits as total interest-paying liabilities less bonds issued.* The interbank rate is clearly
exogenous, and interest expenses on liabilities are now considered to be the output price
of deposits, with the result that we only include the two price input factors of labor
(wy) and physical capital (ws), which are defined in the same way as in the three-input

cost function. Again, time dummies control for technical change, while fixed bank effects

Tt is assumed that bond supply and demand are perfectly elastic, that the bank cannot exercise mar-
ket power in trading bonds, and that bond portfolios are not associated with operating cost. Statistically,
bond portfolios are excluded to make the loan and the deposit proxies less correlated to each other. For
the same reason, the impact of equity is not controlled for, as equity and interest-paying liabilities would

otherwise almost total interest-earning assets.
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control for unobserved heterogeneity. The translog cost function takes the following form:

1 1
Incy =v +~vr InLy + 57,;,; (In Lit)Q +vp In Dy + §’yDD (In Dit)Q

2 2

2
1
+vp InLy In Dy + g Vn Inwpi + 3 g g Yhm N Whi 1N W
h=1 h=1m=1 (B.5)

2 2
1
+ E Yor, Inwpy In Ly + E Yoo I wpyy In Dy + v Tr + 5“/TT (T'r)2
h=1 h=1

2
4+~ Trin Ly +~vyrp Tr In Dy + Z Yrn Tr Inwpi; + Inwgy.
h=1

The cost function has been estimated using fixed bank effects. Marginal costs are derived

from:

2

me g, = [’YL + 7oL m Ly + v m Dy + Y yne Inwpy + v TT} 7
h=1 it

Cit

Cit
Dy

2
me p, = {’YD +pp In Dy +~vrp In Ly + Z Yoo I wpig +yrp T'r }
h=1

Appendix C Modified duration gaps

Table App.1 provides an overview of the different lender and borrower client groups and
the time brackets reported in the Deutsche Bundesbank’s monthly balance sheet statistics.
Note that the brackets are filled according to the initial time to maturity.

For simplicity, we make the following assumptions when calculating the modified du-

ration D,,q( My, My) for a specific position and maturity bracket with the boundaries M
and Ms: (i) the initial time to maturity is equally distributed between the boundaries;
(ii) the bank has revolvingly invested the same amount in bonds with maturity M where
M, < M < Mjy; (iii) all bonds are default-free and continuously pay par yield r;.

The modified duration of a continuously par-yield-paying, default-free bond of matu-

11



rity M is:

Dynoa(M) = %(1 — exp(—r7M)). (1)

The modified duration of a portfolio revolvingly investing in such bonds of maturity M,
i.e. where the residual maturity is equally distributed within the interval [0, M|, can be

expressed as (see also the Appendix of Memmel, 2011):

Donoa (M) = /ti %Dmod(N)dN o
M - 1/rs (1 —exp(—ryM)) )

MT‘f

Finally, the modified duration of revolvingly investing in a portfolio of the aforementioned
type of bonds of a given maturity bracket from M; to My, with initial maturity being

equally distributed between the boundaries, is:

1 My
Dmod(Ml, ]\42) - m v Dmod(M)d]\4— (C.g)

Using first-order Taylor series approximations around ry = 0, equation (C.2) yields:

- 1 1
Dioa(M) = M- EM%, (C.4)

and equation (C.3)

1
Doa(My, M) = 5 (M + M) — 2 (M3 + M? + My - M) 1y (C.5)

1
4
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The asset’s (liability’s) modified duration D, (DE ) is calculated using equations (C.4)
and (C.5) employing weighted sums of all the brackets of assets (liabilities) reported in
Table App.1. The weights correspond to the proportion of assets (liabilities) in a given

bracket relative to total interest-bearing assets (liabilities). The modified duration gap is

derived as

total interest-paying liabilities

Dyop = Dby — DE :
gap mod modotal interest-earning assets

(C.6)

When no upper boundary for a maturity bracket is reported, it is assumed to be 8
years. For savings accounts, applying legal maturities of 3 and 6 months would clearly
overestimate the duration gap. Therefore, we assume 50% of the volume to be core
deposits with long-term maturities of 9.5 and 10 years (depending on the legal maturity),

while the other half is assigned its legal maturity (see also Purnanandam, 2007).

Appendix D Revolving portfolios

The strategy of revolving portfolios is based on the time brackets reported in the Deutsche
Bundesbank’s monthly balance sheet statistics (see Table App.1) and is illustrated using
an example. Imagine a bank that grants solely risk-free loans with a maturity of five
vears. Whenever a loan falls due, a new five-year loan is granted. Under the assumption
of time-invariant business, the residual maturity of the bonds in the bank’s portfolio is
equally distributed between zero and five years. Memmel (2008) shows that this bank’s

interest income margin is equal to the five-year moving average of five-year risk-free par-
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yield bonds. For balance sheet positions with a predetermined repricing period (such as
loans), the calculation is relatively straightforward. For other positions, we chose the

following assumptions:

e Where no upper boundary for a maturity bracket is reported, it is assumed to be 8

years.

e Daily maturities are modeled using the 3-month government par yields in order to
reduce the volatility resulting from estimation errors in fitting the lower end of the

Svensson term structure.

» Savings deposits are modelled as 50% core deposits (see also Purnanandam, 2007).
Deposits with up to 3-month maturities are modeled as the equally weighted moving
average of the 3-month and 9.5-year par yields, deposits with longer maturities as
the 6-month and 10-year par yield. Modeling savings deposits as weighted sums of
moving averages of long and short-term interest rates is a methodology consistent
with the internal IRR management approaches of smaller German banks (see also

Memmel, 2011).

Appendix E Robustness

This section provides robustness checks on the results presented so far by re-estimating
the models using a GMM estimator. Furthermore, we estimate our models for alternative,
likewise commonly used accounting margins instead of the NIM. For all these regression

models, we focus on the overall sample.
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E.1 GMM

In this section we re-estimate the models for the NIM, IIM, and IEM using an overidenti-
fied GMM model. GMM estimators are more efficient than 2SLS OLS estimators, but are
potentially biased (Wooldridge, 2001). Since exactly identified models deliver identical
results for GMM and 2SLS, we add the level of extraordinary income to total assets to
the two instruments already used for the exactly identified 2SLS models. Extraordinary
income is not related to interest income and expenses, but may be used to increase market
power and is likely to be correlated with the fee income captured in our NII proxy as both.
We test the joint hypothesis of instrument exogeneity and the correct specification of the
model using Hansen-J statistics.

GMM results are provided in Table App.2 and are very similar to the results pre-
sented earlier. The p-value of the Hansen-J test is always insignificant at a level of at
least 10%. Compared to the coefficients, the reduction of standard errors gained is quite
low. Therefore, the GMM models do not seem to present much in the way of efficiency
gains. However, for the NII, the coefficients change for all three interest margins and
are significantly negative in the IIM and ITEM models. As the GMM estimator might
be biased, we will not place too much emphasis on this finding. For the model-derived
variables, the GMM model is robust. Only for operating cost in the case of IIM and TEM
do we find larger changes in the coefficients. For the IIM, we previously found negative,
slightly significant coefficients. Using a GMM model it turns into a significantly positive

coefficient, in line with the expectations of the theoretical model.
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E.2 Alternative margins

In this section we present robustness using alternative, commonly used margin definitions.
The gross margin, defined as gross income to total assets, has been investigated by Carbd
and Rodriguez (2007). Furthermore, we investigate the wide margin, that is, net interest
income to total interest-earning assets, and the narrow margin, i.e. interest income to
total interest-earning assets minus interest expenses to total interest-paying liabilities.
Both wide and narrow margins are used by Lepetit et al. (2008) and are also similar to
margins examined by Brock and Suarez (2000). By definition, the narrow margin is the
difference between the IIM and IEM. We use the same explanatory variables as for the
NIM. However, as the gross margin includes non-interest income and expenses, we do not
include NII as an explanatory variable in this case. Hence, in setting the gross margin,
we only instrument the Lerner index with its first lagged difference.

All coefficients presented in Table App.3 have the identical sign and are very similar
in magnitude to the coefficients found for the total sample in Table 3. The only exception
is the coefficient found for the duration gap in the narrow margin setting, which is signifi-
cantly negative. However, this does not necessarily contradict our earlier findings. In fact,
the narrow margin separately normalizes interest income and expenses to interest-bearing
assets and liabilities, respectively, and thus does not reflect possible volume imbalances
between respective assets and liabilities.® By contrast, our duration gap proxy (13) does
reflect this imbalance by scaling the modified duration of the liability side. Given this

different treatment of volume imbalances, it is hard to pass judgement on the expected

5Tt should be noted that our other margin definitions, such as the NIM and the wide margin, reflect

this imbalance as it has a direct influence on the net interest income.
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sign in this empirical setting.
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Tables

Table App.1: Initial maturities of lender and borrower client groups

Position 1st bracket 2nd bracket 3rd bracket 4th bracket
Asscts

Loans to banks daily <l1ly. >1ly <5y > 5y
Loans to non-banks <ly >1ly <5y > 5y

Bonds held <l1ly >1ly <2y > 2y

Liabilities

Loans from banks daily <1ly. >1ly <2y > 2y
Loans from non-banks daily <1y >1ly <2y > 2y
Subordinated debt no maturity breakdown

Savings accounts < 3 m. > 3 m.

Bonds issued <1y. >1ly <2y > 2 y.

Maturity brackets reported in the Deutsche Bundesbank’s monthly balance sheet
statistics for different asset and liability classes.
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Table App.2: Determinants of interest margins - GMM models

NIM IIM IEM
Model-determined variables
Lerner index 0.048*** 0.052%** -0.011***
(0.0020) (0.0031) (0.0005)
Operating cost 0.674%%* 0.327%%* 0.038
(0.0487) (0.0517) (0.0416)
Term spread -0.011** -0.215%%* -0.001
(0.0043) (0.0184) (0.0047)
Excess capital 0.022%** 0.052%** 0.008***
(0.0027) (0.0049) (0.0028)
Duration gap 0.077*%* 0.368%*%* 0.072%**
(0.0159) (0.0467) (0.0206)
LIBOR volatility 0.678*** 1.526%%* 0.124%**
(0.0350) (0.0948) (0.0138)
Credit risk 0.010%%* 0.017%%*
(0.0005) (0.0013)
Credit-interest covariance 0.015%%* -0.006*** -0.005%**
(0.0010) (0.0005) (0.0003)
Bank-specific variables
NII 0.153 -0.676*** -0.409**
(0.1173) (0.1405) (0.1624)
1P -0.037 -0.021 -0.111%**
(0.0270) (0.0331) (0.0254)
OCR -0.035%*** 0.145%%* -0.007
(0.0072) (0.0131) (0.0085)
Macroeconomic variables
GDP growth -0.065*** 0.070%*** 0.011%**
(0.0048) (0.0063) (0.0035)
Inflation rate 0.353%%* 0.349%** 0.007
(0.0228) (0.0243) (0.0069)
Rewvolving portfolios YES YES YES
Obs. 16,396 16,396 16,396
Number of synthetic banks 2,380 2,380 2,380
GR? 0.752 0.770 0.886
Underid. LM stat. 243.5 120.8 44.75
Underid. p-value 0 0 0
Kleibergen-Paap F-test weak 128.5 81.51 27.09
Hansen-J stat. 0.675 0.006 1.721
Hansen-J p-value 0.411 0.936 0.190

Dependent variables: net interest margin (NIM), interest income margin (IIM), interest expense margin
(IEM). The explanatory variables are those used in sections 4.2 and 4.3. All models are estimated using an
overidentified GMM model for the total sample, where Lerner index and NII are instrumented with their first
difference and first lag respectively as well as extraordinary income to total assets. Underid. gives the LM
statistic and the p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-
Paap F-test is the weak instrument statistic for clustered standard errors. Hansen J-test is the x2 statistic
of overidentification. Robust standard errors are given in parentheses. Significance at the 10%/5%/1% level
is inficated by */** /*%*,
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Table App.3: Determinants of accounting margins

Gross margin Wide margin Narrow margin
Model-determined variables
Lerner index (overall) 0.064*** 0.071%%* 0.054%**
(0.0022) (0.0045) (0.0057)
Operating cost 1.222%%% 1.457%%* 1.195%**
(0.0409) (0.1119) (0.1220)
Term spread (asset-liabilities) -0.034%** -0.044%** -0.032%**
(0.0047) (0.0064) (0.0066)
Excess capital 0.040%*** 0.054%%* 0.034%%*
(0.0033) (0.0056) (0.0059)
Duration gap 0.156%** 0.110%** -0.072%*
(0.0166) (0.0276) (0.0363)
LIBOR volatility 0.935%%* 1.064%** 0.851%%*
(0.0404) (0.0767) (0.0949)
Credit risk 0.008*** 0.009*** 0.009%***
(0.0005) (0.0007) (0.0008)
Credit-interest covariance 0.025%** 0.028%** 0.021%**
(0.0010) (0.0022) (0.0029)
Bank-specific variables
NII -1.340%** -1.068%**
(0.1661) (0.1812)
IIP -0.359%** -0.468%** -0.337***
(0.0260) (0.0676) (0.0696)
OCR -0.006 0.031%** 0.059%**
(0.0082) (0.0114) (0.0143)
Macrocconomic variables
GDP growth -0.106*** -0.119*** -0.084***
(0.0056) (0.0114) (0.0140)
Inflation rate 0.557*** 0.641%** 0.497***
(0.0238) (0.0513) (0.0636)
Revolving portfolios YES YES YES
Obs. 16,396 16,396 16,396
Number of synthetic banks 2,380 2,380 2,380
GR? 0.674 0.557 0.576
Underid. LM stat. 200.6 71.18 71.18
Underid. p-value 0 0 0
Kleibergen-Paap F-test 481.3 58.23 58.23

Dependent variables: Gross margin is gross income to total assets; Wide margin is net interest income to
total interest-bearing assets; Narrow margin is IIM minus IEM. Operating cost, non-interest income (NII),
opportunity cost of reserves (OCR) and implicit interest payments (IIP) are in relation to total assets. All
models are estimated for the overall sample using fixed-effects 2SLS IV regressions, where Lerner index
(overall) and NII are instrumented with their own first differences. Underid. gives the LM statistic and the
p-value for the Kleibergen and Paap (2006) rank test of underidentification. Kleibergen-Paap F-test is the
weak instrument statistic for clustered standard errors. Standard errors are given in parentheses and are
clustered at bank level. Significance at the 10%/5%/1% level is indicated by */**/***,
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