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THE MANAGEMENT OF INTEREST RATE RISK DURING THE CRISIS:
EVIDENCE FROM ITALIAN BANKS

by Lucia Esposito*, Andrea Nobili* and Tiziano Ropele*

Abstract

Changes in interest rates constitute a major source of risk for banks business activity
and can adversely affect their financial conditions and performance. We use a unique dataset
to analyse Italian banks exposure to interest rate risk during the crisis, relying on the
standardized duration gap approach proposed by the Basel Committee. We provide evidence
that banks managed their overall interest rate risk exposure by means of on-balance-sheet
restructuring complemented by hedging with financia derivatives. But the complementary
relationship between risk-management decisions differs significantly across banks. The
different impact of a future increase in interest rates on banks economic value will be a
matter of concern for policymakers when they return to a less accommodative monetary
policy stance.

JEL Classification: E43; G21.
Keywor ds:. interest rate risk, derivatives, hedging, financia crisis.
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1. Introduction®

The recent financial crisis spurred central banks to react promptly with bold actions. In the
euro area, the European Central Bank (ECB) reduced official policy rates to historically low levels
and introduced unconventional measures to restore the monetary policy transmission mechanism
after the Lehman Brothers collapse in 2008 and then, more recently, the eruption of the sovereign
debt crisis.” During this period, heightened financial markets volatility, persistent uncertainty about
the economic outlook and investors’ increased risk aversion had a strong impact on the term
structure of interest rates. Figure 1 reports the ECB rate on main refinancing operations and the
slope of the yield curve, measured by the difference between the Italian 10-year government bond
yield and 3-month Euribor. The slope of the yield curve steepened rapidly from September 2008 to
early 2010 and exhibited a slight downward trend afterwards.

Unexpected changes and high volatility in the term structure of interest rates constitute an
important source of risk for banks’ business activity and can adversely affect their financial
conditions and performance. More specifically, interest rate risk is the sensitivity of a bank’s cash
flows, reported earnings and economic value to changes in interest rates. It arises from the maturity
mismatch between fixed-rate assets and liabilities, the different re-pricing dates of floating-rate
balance sheet assets and liabilities, the imperfect correlation of interest rates for various assets and
liabilities that vary at the same time but not necessarily by the same amount, the various options in
banks’ assets and liabilities, such as prepayment of loans or early withdrawal of funds. In extreme
cases, excess risk leads to the bankruptcy and liquidation of the bank.

Beyond changes in the regulatory framework and financial markets developments, monetary
policy can be a crucial factor affecting banks’ interest rate risk. The most dramatic example in US
history is the financial turmoil of the savings and loan (S&L) industry between 1980 and 1988,
which saw more than 1,000 savings and loan associations fail and cost an estimated $150 billion.
The crisis was triggered by a shift in monetary policy, when the Federal Reserve began to target
monetary aggregates and let the federal funds rate move considerably.’ The adverse impact on the
US banking system originated precisely from the asset-liability mismatch of S&Ls, which had
begun to fund their lending by offering very competitive market rates and eventually faced a

situation in which the increases in short-term funding costs exceeded the returns on their portfolios

" We thank Eugenio Gaiotti, Paolo Del Giovane, Stefano Neri, Martina Bignami, Giovanni Pepe, Giuseppe Della Corte
and two anonymous referees for their useful remarks and suggestions. We also benefited from the comments by the
participants at the lunch seminar at the Bank of Italy. Ginette Eramo provided invaluable help in constructing the
dataset used in the empirical analysis.
* See, for example, ECB (2011) and Cecioni et al. (2011) for a discussion of the effectiveness of unconventional
monetary policy measures adopted by the ECB and the US Federal Reserve.
3 Interest rate volatility soared. In September 1979, the federal funds target rate ranged from 11.25 to 11.75 per cent; by
December 1980 it ranged between 15 and 20 per cent.
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of fixed-rate mortgages. In essence, the S&L industry failed to address the risk of funding long-
term loans with short-term deposits.

Banks choose their optimal exposure to interest rate risk and combine different strategies to
achieve it. They can use on-balance-sheet restructuring in order to modify the maturity mismatch
between assets and liabilities. For example, if the aim is to reduce risk exposure to an unexpected
increase in interest rates, banks can reduce the share of long-term fixed-rate mortgages in favour of
loans with variable rates, or shorten the maturity of new commercial loans. In theory, banks can
perfectly isolate themselves from interest rate risk if the date and the amount of each scheduled
asset cash inflow are matched with a corresponding liability cash outflow.

Banks can also hedge interest rate risk through interest rate derivatives, especially interest rate
swaps. The main advantage of this compared with on-balance-sheet restructuring is that the
hedging strategy can be implemented instantaneously. In addition, transaction costs are relatively
low by comparison with the potential costs of restructuring the main balance-sheet items. A bank
might have to pay a large premium to get its customers to switch from short-term to long-term
deposits. Finally, hedging does not increase banks’ credit risk; by contrast, switching from fixed-
rate to floating-rate mortgages implies an increase in credit risk as borrowers are less likely to be
able to meet the higher payments of adjustable-rate mortgages in periods of rising interest rates.

If properly managed, interest rate derivatives can also eliminate all the interest rate risk arising
from the maturity mismatch. However, their use is complex and can expose banks to setup costs of
a hedging program (the new staff to be hired and data and computer software to be acquired to
calculate properly hedging positions) and other risks, such as the risk that the actual changes in the
economic value of the hedged and the hedging assets due to a change in interest rates will differ
from the expected changes — and the risk of mistakes by management that reduce the value of the
bank and increase the probability of its failure.

We examine Italian banks’ management of their interest rate risk during the financial crisis
using a high quality data-set, to address three main questions: (i) To what extent were Italian banks
exposed to interest rate risk? (i) How did they manage this risk? (iii) What role did interest rate
derivatives play in this regard?

When assessing banks’ interest rate risk and its determinants, the most challenging task is to
obtain a reliable measure of such risk. The vast majority of existing studies have relied on the
pioneering approach of Flannery and James (1984), which measures interest rate risk by the
estimated sensitivity of the bank’s stock price to interest rates changes.” A negative and significant

coefficient implies that the value of bank equity tends to decrease when interest rates rise. This

* See Hirtle (1997), Choi and Elyasiani (1997), Drakos (2001), Fraser et al. (2002), Saporoschenko (2002), Reichert
and Shyu (2003), Au Yong et al. (2007), Ballester et al. (2009), Czaja et al. (2010), and English et al. (2012). See also
Staikouras (2003) for a survey.
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methodology adopts the “earnings or accounting perspective”, that is to say it focuses on the risk to
banks’ current earnings in the near term; it has the advantage of practical feasibility but it would
not be applicable for the many Italian banks that are not listed.’

In this paper we adopt the “economic or capital perspective” and measure Italian banks’
interest rate risk following the guidelines proposed by the Basel Committee on Banking
Supervision (2004, 2006). The Basel Committee included the interest rate risk computed in the
banking book in the second pillar of the Basel Agreement, albeit without setting a precise capital
requirement; however, it provided a number of principles regarding its measurement and
management that were acknowledged by the Bank of Italy (2006) in the so-called “simplified
methodology” and in more recent updates (Bank of Italy, 2010). Specifically, this methodology
relies on a standardized “duration gap approach” whereby banks report their interest rate risk
exposure as the potential effect of a parallel upward shift of the entire term structure of interest
rates on the present value of their future cash flows. The regulatory provisions recommend that the
banks should compute an overall duration gap, namely by considering the effects of interest rate
changes on both the on- and off-balance-sheet items, and, since mid-2008, establish a threshold
level of alert of 20 per cent for this measure.

The “economic perspective” provides a more comprehensive measurement of interest rate
risk than the “earnings perspective”, since the banks’ future cash flow projections provide a pro
forma estimate of the future income generated by their current positions. The standardized
approach allows us to compute an interest rate risk measure for all Italian banking groups,
including unlisted ones, thus permitting an in-depth and fair assessment of the heterogeneity across
all banks.

We faced a significant trade-off between using more refined methodologies and obtaining a
comprehensive picture of the exposure of the entire Italian banking system. A growing body of
literature tests the robustness of the “simplified methodology”. Fiori and Iannotti (2006) developed
a value-at-risk model for measuring the interest rate risk on both the banking and the trading book;
it is based on new duration parameters that reflect the market conditions prevailing at the time of
risk evaluation and take into account a non-linearity in the relation between changes in interest
rates and changes in banks’ economic value. However, for the 18 largest Italian banks, their results

in terms of risk evaluation were consistent with the standardized approach. Entrop et al. (2008)

> A different strand of literature focused on the relationship between various measures of interest rates and accounting
indicators of banks’ profitability, especially the net interest margin (Demirguc;Kunt and Huizinga, 1999; English,
2002; Casolaro and Gambacorta, 2005; Albertazzi and Gambacorta, 2009; Maudos and de Guevara, 2004; Maudos and
Solis, 2009; English et al., 2012). Alessandri and Nelson (2013) have recently developed a theoretical model of a
monopolistically competitive bank subject to re-pricing frictions and have tested the model predictions on UK data.
They found that, in the long run, both the level and the slope of the yield curve contribute positively to banks’ profits.
In the short run, however, an interest rate increase compresses the net interest margin consistently with the presence of
loan pricing frictions.
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proposed a time series accounting-based model combining time series information and different
data sources that are available to regulators and external analysts. Their estimates of interest rate
risk for a sub-sample of German banks are compared with those of the banks’ internal risk
evaluation models and have been found to explain the cross-sectional variation better than the
standardized approach.

Some Italian banks, typically the large ones, also follow the indications supplied by their
own internal models for risk evaluation. In this regard, the Basel Committee has recently provided
an overview of the best practices used by the largest banking groups to compute the various risks
that characterize their business activity, including the interest rate risk in the banking book (see
Basel Committee on Banking Supervision, 2008). As for Italy, an in-depth panel analysis of the
consistency between the information deriving from the internal models and that from the
standardized approach is impossible because only a few large banks rely on internal models for
risk evaluation.®

An important issue in the literature on the determinants of interest rate risk is the correct
assessment of the relationship between banks’ risk-management strategies. Previous studies
tackled this question by regressing the “one-year maturity gap”, the difference between banks’
rate-sensitive assets and liabilities maturing or re-pricing within one year, on the notional value of
bank interest rate derivatives, controlling for other bank-specific variables.” In general, they found
a positive relationship, which they interpreted as evidence that banks used derivatives for
speculation purposes rather than for risk hedging. However, this interpretation is open to criticism
on the grounds that these authors did not have access to the granular information needed to
distinguish between derivatives used for hedging purposes and those for speculation. In a study of
US commercial banks, Purnanandam (2007) used a dataset with a much richer identification of
hedging activities and showed that the sign of the relation is not robust among different panel
specifications, thus leaving unresolved the question of whether banks use financial derivatives as a
supplement to or substitute for on-balance-sheet restructuring when they manage their overall
interest rate risk.

One drawback of all these studies is that the notional values of financial derivatives might not
properly capture all the features of the banks’ hedging strategy, as it disregards the maturity of the
financial instruments and does not refer to net positions. Using this measure, we would not be able

to assess if a bank takes a long or a short position in interest rate derivatives. In order to assess how

% As of November 2012 only 13 Italian banking groups were using internal models for interest rate risk evaluation (see
the Bank of Italy’s Financial Stability Report, No. 4, November 2012), and even these indicators cover too short a
sample period for us to conduct a reliable econometric analysis.
7 See Hirtle (1997), Schrand (1997), Reichert and Shyu (2003), Au Yong et al. (2007), Zhao and Moser (2009),
Purnanandam (2007), and Ballester et al. (2009).
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banks manage their overall interest rate risk, we split the total duration gap variable into its two
main components. The first is the on-balance-sheet duration gap, measuring the interest rate risk
managed by banks using on-balance-sheet restructuring. The second is the off-balance-sheet
duration gap, which is the interest rate risk computed on the off-balance-sheet items in the banking
book and indicates banks’ reliance on interest rate derivatives for hedging purposes. Our measure
of the off-balance-sheet duration gap has two main advantages. First, it considers the interest rate
derivatives reported in the banking book, which according to the supervisory guidelines should be
held for hedging purposes. Second, it is computed on the basis of banks’ net positions, weighted by
their time to maturity. In this regard, the off-balance-sheet duration gap provides information not
only on how much banks relied on financial derivatives but also on how they used them (i.e. if
banks took a long or a short position).

While it is unlikely that banks would “misclassify” their speculative activities as hedging deals,
the borderline between the banking and the trading book has not yet been formally defined: some
assets may be included in either book and the banks’ ultimate choice often may be dictated by the
different regulatory treatment rather than risk-management considerations.® Let us also remark that
banks’ exposure in the banking book, by construction, contributes to profits. In particular,
“differentials from hedging derivatives” are part of net interest income, while “net hedging gains
(losses)” impact on the non-interest income.’

We show that the Italian banking system had a limited overall exposure to interest rate risk
during the financial crisis, well below the threshold alert level enforced by regulators. There was,
however, substantial heterogeneity within the system, with many banks permanently exposed to the
decline in interest rates and many others standing to benefit from diminishing rates. Banks relied
on on-balance-restructuring and hedging with interest rate derivatives in a complementary way.
However, this negative relationship between hedging strategies varied considerably across
intermediaries.

We have tested the robustness of our results along a number of dimensions that may be
particularly relevant in this context, such as estimation techniques treating the hedging strategies as
simultaneous choices (see Purnanandam, 2007), different assumptions on the empirical distribution

of overnight deposits according to their time-to-maturity (see Bank of Italy, 2010), as well as by

¥ Hedging interest rate derivatives reported in the banking book are usually classified as financial assets “available-for-
sale” and rarely as financial positions “held-to-maturity”.

? “Net hedging gains (losses)” include capital gains (losses) stemming from the recognition of derivatives designated
for “fair-value hedging” together with the offsetting loss or gain on the corresponding hedged item. As for the
recognition of derivatives designated for “cash-flow hedging”, the effective portion of the derivative’s gain or loss is
initially reported outside the income statement as part of “other comprehensive income”; subsequently it is reclassified
into income when the projected transaction affects earnings. The ineffective portion of the gain or loss is reported in
the income statement immediately as “net hedging gains (losses)”. Derivatives “held-for-trading” are evaluated at fair
value and the gain or loss is recognized immediately in the income statement.
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relaxing the standard assumption of a parallel shift in the term structure of interest rates, in order to
deal with the anecdotal evidence that longer-term assets and liabilities are less reactive than short-

term ones to monetary policy changes.

2. A measureof interest raterisk: theregulatory methodology

In this paper interest rate risk is measured using the “simplified methodology” established by
the Bank of Italy (2006), which is consistent with the principles stated by the Basel Committee on
Banking Supervision (2004, 2006). The regulatory provisions focus on a “duration gap approach”
according to which banks’ interest rate risk is measured by the effect on their economic value of a
“standardized” interest rate shock, defined as a parallel shift of the entire term structure of interest
rates by 200 basis points.

More specifically, the computation of a bank’s interest rate risk involved the following steps:
i) on- and off-balance-sheet items are classified into fourteen time bands according to their
remaining time to maturity for fixed-rate items or to their re-pricing schedule for floating-rate
items; ii) for each time band, assets are offset against liabilities to compute net positions; iii) net
positions are multiplied by weighting factors reflecting the so-called modified duration, which
approximates the sensitivity of the economic value of a net position to an interest rate shift for that
time band; iv) the total interest rate risk is then calculated as the ratio of the sum of the net
weighted positions to regulatory capital.

The overall duration gap (GAP) can be represented by the following expression:

GAP = Ashock

LT (1+r(t)) (1)

MODIFIED DURATION

14 14
A(EW) = Z:a)t NP, x Ashock = ! Zt NR
=1

where A(NW) is the change in the bank’s economic value and K is regulatory capital. In expression

(1) NP stands for the net positions computed in each of the 14 time bands, Ashock is the interest

rate shock and e, =t/[ (1+r(t))(1+r)] represents the weighting factor (the “modified duration”).

For time bands up to one year, the modified durations are those attributable to a zero-coupon bond
with a time-to-maturity equal to the median point of the time band and a discount factor of 5 per
cent; for the bands with time-to-maturity over one year, the modified durations are those
attributable to a fixed-rate bond with a time-to-maturity equal to the median point of the time band
with both a coupon rate and a discount factor of 5 per cent. Overall, the regulatory framework
assumes a flat term structure of interest rates of 5 per cent for the computation of the modified

duration. See Table A1 of the Appendix for more details about the weighting factors.
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For our analysis we split the overall duration gap, making it the sum of the on- and off-
balance-sheet duration gaps. We call banks with a positive on-balance-sheet duration gap asset-
sensitive and those with a negative on-balance-sheet duration gap liability-sensitive. The duration
gap is positive when the value of a bank’s assets is more sensitive to a change in interest rate than
that of its liabilities; it is negative when the value of liabilities is more sensitive than the value of
assets. A bank with a positive (negative) duration gap would incur a loss from an increase
(decrease) in interest rates.

To illustrate how the use of financial derivatives is considered in the computation of the off-
balance-sheet duration gap, we sketch an example based on interest rate swaps. An interest rate
swap is a contract in which one party, the fixed-rate payer, agrees to make a sequence of payments
to another party, the floating-rate payer, in exchange for a sequence of payments that vary
according to a reference rate (for instance, 3-month Euribor). The fixed-rate payer is said to take a
long swap position and will lose when interest rates rise and gains when they fall. The floating-rate
payer instead takes a short swap position and will lose when interest rates rise and gain when they
fall.

Suppose that bank A proposes to bank B a three-year interest rate swap with a notional
principal amount of € 2,000,000. Under the agreement bank B will pay a fixed-rate of 1.5% each
year, while bank A will pay a floating-rate indexed to 3-month Euribor. The table below shows the
time sequence of payments for each party in the case of a future increase in interest rates. When the

contract will expire, bank B will gain € 5,000, so it hedges against the increase in interest rates

Table. An example of an interest rate swap contract

Maturity 3-month Fixed | Payments to Payments to Interest rate Impact on Impact on
Euribor rate bank A bank B differential bank A bank B
T+1 0.75 1.5 30,000 15,000 -15,000 +15,000 -15,000
T+2 1.75 1.5 30,000 35,000 +5,000 +10,000 -10,000
T+3 2.75 1.5 30,000 55,000 +25,000 -5,000 +5,000

In an economic environment in which interest rates are expected to rise, an asset-sensitive
bank needs to hedge against this possibility and will take a long swap position: it will pay a fixed-
rate while receiving a floating-rate on the notional amount of the swap contract. This bank will
have a negative off-balance-sheet duration gap.

A liability-sensitive bank would gain from an increase in interest rates and may therefore
want to insulate itself from a decrease in interest rates by taking a short swap position and
becoming the floating-rate payer and the fixed-rate receiver in a swap contract. This bank will have

a positive off-balance-sheet duration gap.
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3. Theempirical analysis
3.1. Descriptive analysis

We use a unique panel dataset of semi-annual observations for 68 Italian banking groups
from the second half of 2008 through the first half of 2012. The data come from banks’ supervisory
reports to the Bank of Italy and are based on consolidated balance sheet items: they include the
interest rate risk of foreign banks belonging to Italian banking groups, while excluding individual
Italian banks that do not belong to groups. The intermediaries included in the panel account for

nearly 70 per cent of the total assets of the banking system. "’

Let us start the discussion of Italian banks’ hedging strategies by presenting some descriptive
statistics. In Figure 2 we show the evolution of total interest rate risk and its two components, i.e.
the on- and off-balance-sheet duration gaps. Panel A suggests that during the financial crisis the
overall exposure of Italian banking groups was limited and well below the 20 per cent threshold:
on average, the overall duration gap was -3.3 per cent of regulatory capital. However, banks
significantly modified their interest rate exposure over time. In the second half of 2008 and first
half of 2009 the average overall duration gap was positive: banks had a positive on-balance-sheet
duration gap, partially hedged through the use of interest rate derivatives. From the second half of
2009 onwards, when official interest rates reached unprecedented low levels and the slope of the
yield curve remained very steep, banks progressively reduced their total interest rate risk, reaching,
on average, a negative duration gap. It appears they managed interest rate risk mostly by reducing

their on-balance-sheet positions while keeping their positions in hedging derivatives broadly stable.

However, the picture for the entire banking system disregards heterogeneity among
intermediaries. In order to assess the different strategies pursued by banks, we split our panel into
three groups: a) banks that exhibited a negative on-balance-sheet duration gap over the entire
sample period (hereafter, liability-sensitive banks); b) banks that exhibited a positive on-balance-
sheet duration gap over the entire sample period (hereafter, asset-sensitive banks); and c) banks

that varied the sign of their on-balance-sheet exposure over time (hereafter, other banks).

Panel B shows the interest rate risk indicators for the liability-sensitive banks. In the second
half of 2008 these banks’ had an average overall duration gap of about -10 per cent. In the first half
of 2009, as the slope of the yield curve increased, they reduced their on-balance-sheet duration gap
by potentially gain from a possible future rise in interest rates. After monetary policy rates were
sharply reduced, they substantially increased their on-balance-sheet duration gap and barely used

interest rate derivatives.

" We could not take an earlier starting date because data from supervisory reports display a break between November
2008 and December 2008, owing to a change in data collection methods.
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The picture for asset-sensitive banks, presented in Panel C, is very different. Over the entire
period these banks also diminished their total exposure (from 20 to 11 per cent). Their risk-
management strategy appears to have been to keep the on-balance-sheet duration gap set at large
positive values (more than 30 per cent) and to rely largely on hedging derivatives. For these banks
there is more evidence of a complementary relationship between strategies.

For other banks (Panel D) the picture is closer to that described for the entire banking system,
as 38 of the 68 banks in the panel belong to this group. These banks mostly changed their interest

rate risk exposure by reducing their on-balance-sheet positions.

Overall, there is evidence of significant interest rate risk management and of a negative

correlation between the on and off-balance-sheet duration gaps.

Further interesting considerations emerge from Table 1, where we take other bank-specific
characteristics into account. We draw these from previous empirical studies, selecting variables
that may be relevant determinants of banks’ interest rate risk. In particular, we consider: size
(logarithm of total assets); credit quality (ratio of non-performing loans to total assets);
capitalization (core tier 1 ratio, i.e. the ratio of core equity capital to total risk-weighted assets),
efficiency (return on equity, operating expenses as a percentage of total assets); and the funding
gap (the difference between loans outstanding and retail funds, as a ratio to loans).

Compared with liability-sensitive banks, asset-sensitive ones are generally larger and carry
more credit risk in their balance sheets; in addition, they are more specialized in lending and have

been more profitable, thanks in part to their lower operating expenses.

3.2. Pand regressionsfor the on-balance-sheet duration gap

In this section we assess the empirical relation between banks’ interest rate risk-management
decisions using various panel regressions. We begin with a single-equation regression in which the
on-balance-sheet duration gap is the dependent variable and the off-balance-sheet duration gap and
other bank-specific characteristics are the explanatory variables:

GAP" = BUGAPY + Az, +8 X +a; +&f (2)

In equation (2) GAR" is the on-balance-sheet duration gap of bank i in calendar half t and

GAP™ is the bank’s off-balance-sheet duration gap in the same period. Our preferred specification
also includes a vector of time-dummy variables (z,), which control for general macroeconomic
conditions such as the short-term interest rate, the slope of the yield curve, the volatility of market
interest rates, and credit spread (see Purnanandam, 2007). The inclusion of time dummies is
particularly useful as it limits a potential endogeneity problem among variables, especially between

the interest rate risk indicators that may be driven by common macroeconomic factors (the short-
13



and long-term interest rates). We include a vector of bank-specific characteristics ( X;,) as relevant
determinants of interest rate risk decisions as well as bank-specific fixed effects («;) in order to
deal with potential unobserved heterogeneity across banks that is not fully captured by X;,. In this

regard, we relied on Hausman’s test to check whether the bank fixed-effects were uncorrelated
with the other explanatory variables, permitting us to rely on bank random effect regressions and

thus improving the efficiency of the estimated coefficients.

The results for this baseline specification are reported in Table 2. In Panels (A) and (B) we
present the estimated coefficients, respectively, for random-effects and fixed-effects regressions. In
Panel (C) we show the results excluding the time dummies from the specifications. The estimated
coefficient for the off-balance-sheet duration gap is negative and highly significant, indicating an
inverse relation between banks’ on-balance-sheet restructuring and their hedging decisions using
derivatives. The order of magnitude of the estimated effect is very similar across all specifications.
Hausman’s test tends to reject the null hypothesis of no correlation between the fixed-effects and

the other explanatory variables at any confidence level.

In order to examine the heterogeneity in the estimated relationship across banks, we perform
the same regressions separately for each of the groups of intermediaries we discussed in the
previous section. The results are reported in columns from (b) to (d). The estimated relationship
between risk-management strategies differs considerably across banks: it is very weak and not
statistically significant for the liability-sensitive banks, stronger for the asset-sensitive ones.
Hausman'’s test suggests that the inclusion of fixed-effects is crucial only in the regressions for the
liability-sensitive banks at the 1 per cent confidence level. This outcome, however, does not reflect
the difference in the estimated coefficients for the off-balance-sheet duration gap but the change in

the sign of the coefficient on the bank size in the two specifications.

As for the other bank-specific variables, two results are noteworthy. First, we find a highly
significant relationship with the funding gap, suggesting a significant correlation between liquidity
risk and interest rate risk: banks facing higher liquidity risk reduce their on-balance-sheet duration
gap more sharply. This picture holds true for all banks of all type, though it is most pronounced for
asset-sensitive ones. Second, banks with higher credit risk in their assets also reduce their on-
balance-sheet duration gap more sharply. Therefore, our results corroborate the previous finding
that US banks with a higher probability of default maintained a lower maturity mismatch between
their assets and liabilities (see Purnanandam, 2007). The relationship between credit risk and
interest rate risk is stronger and highly significant for the liability-sensitive banks, weaker for the
other intermediaries. We notice that if we excluded the time dummies, the estimated coefficient

would also be strongly significant and higher. During the crisis, the severe economic recession
14



caused a dramatic worsening in credit quality while banks’ exposure to a rise in interest rate risk
declined in response to the cuts in ECB official rates. A higher correlation is likely to reflect the

impact of common macro factors related to the difficult economic conditions.

All in all, the strong and significant link between the on-balance-sheet duration gap, liquidity
risk and credit risk can be interpreted as the evidence of an integrated risk-management approach
by banks. For the liability-sensitive banks, which did not rely extensively on derivatives, the

substitution effect among the different risks may be particularly important.

3.3. Pand regressionsfor the off-balance-sheet duration gap

We now assess the determinants of banks’ hedging strategy based on interest rate derivatives.
In Table 3 we present the results for alternative regressions in which the off-balance-sheet duration
gap is the dependent variable and the on-balance-sheet duration gap and other bank-specific
characteristics are the explanatory variables. We carry out this assessment for all categories of
banks, comparing random-effects and fixed-effects estimations and regressions with and without

time dummies.

It turns out that the estimated relationship between the off- and on-balance sheet duration gaps
is still negative and highly significant for the panel of all banks, meaning that risk-management
decisions remain complementary. Consistently with the findings in Table 2, the relationship is very
weak for the liability-sensitive banks and much stronger for asset-sensitive ones. Interestingly,
Hausman’s test suggests the use of a fixed-effect estimator for all banks except the liability-
sensitive ones. Our view is that the fixed-effects may capture banks’ ability to use financial

derivatives or the setup costs of a hedging strategy, which are very difficult to be measured.

As for the bank size, the previous literature suggested that larger banks were more likely to
engage in hedging derivatives transactions. In our case the significant coefficient suggests that
larger banks hedged more against an increase in interest rates. This effect is especially strong for

asset-sensitive banks compared with “other banks”.

The funding gap enters significantly and with a negative sign in the case of asset-sensitive
banks and “other banks”: banks facing a higher liquidity risk relied more on interest rate
derivatives. Interestingly, Froot et al. (1993) and Purnanandam (2007) found that US banks with a
relatively low liquidity ratio (cash and securities over total assets) also made more extensive use of
derivatives for hedging consequently arguing that liquid assets and derivatives were substitutes one
another. In our regressions the liquidity ratio was not statistically significant. In our view, this

indicator did not always reflect banks’ liquidity risk; it may simply reflect a shift of portfolios
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towards government bonds when their yields are considered attractive compared with return on

loans to the private sector. This issue was particularly relevant during the sovereign debt crisis.

Credit risk is strongly correlated with the off-balance-sheet duration gap only in the case of the

liability-sensitive banks. The relationship is much weaker for the other categories of bank.

4. Robustness checks

In this section we present the results of a number of checks on the robustness of our previous
findings. In particular, we address the following issues: 1) the simultaneity problem of interest rate
risk hedging strategies; ii) the non-stationarity problem of the data; iii) the treatment of overnight

deposits duration; and iv) the non-parallel shift of the interest rate shock.

4.1. Simultaneity among interest raterisk measures

Practical considerations suggest that banks are likely to manage their on- and off-balance-
sheet interest rate risk exposures simultaneously. While the estimated single-equation regressions
discussed in Section 3 provide mere correlations between the two risk-management strategies, the
issue of simultaneity may raise concerns about consistency of the estimated coefficients. In this
section we address this issue by modelling a system of two simultaneous equations and relying on
a three-stage least squares (3SLS) estimation that also takes into account the correlation between

the residuals of the two equations.

In particular, the on-balance-sheet duration gap is instrumented with its own lag,
consistently with the view that frequent variations in the on-balance-sheet exposure may be costly
for banks. As for the off-balance-sheet duration gap, we explore two instruments. The first is
simply the bank fixed-effect, which may capture banks’ ability to use derivatives or the setup costs
of a hedging strategy. The second instrument is a “derivatives skill” dummy, which takes a value
of 1 if a bank uses financial derivatives for both hedging and trading purposes over the entire
sample period.'' For the trading book we consider derivatives related to any possible asset (interest
rates, commodities, exchange rates). Notice that, by construction, this bank-specific variable is not

time-varying, thus preventing from performing a fixed-effect estimation.

The simultaneous estimation is carried out for the panel of all banks as well as for the set of
banks that we classified as asset-sensitive together with “other banks”. Unfortunately, we could not
estimate a separate system for the asset-sensitive banks because in this case the number of
observations is smaller than the number of the coefficients to be estimated. However, the potential

differences in the estimated coefficients for these two categories of bank are captured by

! Also Purnanandam (2007) uses a similar instrument.
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interaction terms between some bank-specific variables'? and an “asset-sensitive bank” dummy.
The regressions for the liability-sensitive banks are not reported because, consistently with the
results obtained with single-regression techniques, we found no significant relationship between

risk-management strategies.

Columns (a) and (b) of Table 4 report the results obtained using the fixed-effects as
instrument for the off-balance-sheet duration gap. The negative correlation between the off- and
on-balance-sheet duration gaps is confirmed and the magnitude of the estimated coefficient is
similar to that obtained with a standard single-equation procedure for all groups of banks. Indeed,
while the contemporaneous correlation is about -0.5, the estimated coefficient for the lagged
dependent variable implies a correlation of about -0.8 after one half. These findings suggest that

the simultaneity among variables is not a relevant concern for our main results.

The “derivatives-skill” dummy instead turns out to be a poor instrument (see column (a’)).
The main reason is that most of the banks in the panel held derivatives positions in both books,
making hard to discriminate between “skilled” and “not-skilled” banks on the basis of this
criterion. The picture is also complicated by the fact that some banks held positions in the trading
book but not in the banking book. For example, the liability-sensitive banks did not need to hedge
against the interest rate risk with derivatives during the financial crisis because an increase in
interest rates was unlikely, but we cannot rule out that they had the requisite skill to use these

instruments for speculative purposes.

Other banks, especially the asset-sensitive ones, held positions in the banking book but not
in the trading book. In principle, these intermediaries could be considered as “skilled”. However, in
this case the resulting dummy variable would not be an appropriate instrument, since, by
construction, it would be perfectly correlated with the off-balance-sheet duration gap. In other

words, the information on banks’ exposure in the trading book is not a reliable instrument.

4.2. Non-stationarity of the variables

Some of the variables used in the estimation might be non-stationary in the short sample
period we considered. As shown in Figure 2, by eyeballing this does not seem to be the case for the
interest rate risk indicators. The only variables that exhibit some systematic trend are credit quality,

due to the significant increase in non-performing loans during the crisis, and the core tier 1 ratio.

In light of these considerations, we perform a robustness check by repeating all the above
analyses with all the variables transformed in first-differences to rule out potential problems of

spurious regressions. Interestingly enough, as shown in Table 5, the estimated relationships

"2 Namely, only those bank-specific characteristics that turn out to be individually significant.
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between the on- and off-balance-sheet duration gaps are extremely robust regardless of the specific

category of bank.

4.3. Changing the duration of overnight deposits

Overnight deposits do not have an explicit maturity. The regulatory framework considers 25
per cent of total overnight deposits as a “non-core” component and includes it in the “overnight”
time-band; the remaining “core” component is allocated to the following eight time-bands (from
“up to one month” to “over four years up to five years”) in proportion to the number of months
assigned to each band. For example, the time-band “up to one month” is allotted 1/60 of the core
component, the time-band “over one month up to two months” 2/60, and so forth. Different
distributions of overnight deposits by time-band may imply significant changes in banks’ exposure

to the interest rate risk.

We check the robustness of our results to two changes in the “non-core” fraction of total
overnight deposits, increasing it to 50 per cent (thus considerably shortening the banks’ on-
balance-sheet duration gap) and decreasing it to 5 per cent (considerably lengthening the on-
balance-sheet duration gap). The first case is in line with the view that overnight deposits represent
a core source of funding and should therefore be treated as long-term liabilities. Conversely, the
second case is consistent with the view that these deposits are subject to withdrawal at any time
and should therefore be regarded as shorter-term liabilities. The recent financial crisis, raising the

spectre of bank runs, has made the latter scenario even more compelling.

Table 6 shows that the Italian banking system’s overall interest rate risk exposure remains
limited.” At the same time, however, the composition by category of bank changes; in particular,

the shorter the duration of overnight deposits, the larger the number of liability-sensitive banks.

In Table 7 we present the estimated coefficients for panel regressions based on the alternative
measures for the on-balance-sheet duration gap under the assumption of a shorter duration of
overnight deposits. The results are generally very robust. It is worth noting that the negative
correlation among risk-management strategies becomes statistically significant for the liability-
sensitive banks as well, albeit less so than for the other banks, and broadly in line with that
obtained under the standard assumption recommended by the Basel Committee. Similarly,

lengthening the duration of overnight deposits also leaves the results virtually unchanged.

" The banking system would incur a loss of less than 5 per cent of regulatory capital after an unexpected increase in
interest rate of 200 basis points.
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4.4. Non-parallel shiftson theterm structure of interest rates

According to the regulatory methodology, the computation of the interest rate risk is based
on a parallel shift in the term structure of interest rates. In response, however, to a monetary policy
shock, long-term interest rates are typically less reactive than short-term rates.'* This was one of
the reasons for introducing refinements to the standardized methodology, such as measures of
interest rate risk based on duration parameters that reflect the actual market conditions prevailing at

the time of risk evaluation (Fiori and Iannotti, 2006).

In this section we check the robustness of our results by considering a non-parallel shift of
the term structure. In particular, we assume that the rates at longer maturities respond by one half
to the interest rate shock. The weighting scheme and the modified durations used for this exercise

are reported in Table A2 of the Appendix.

Figure 3 and Table 8 suggest that the assumed interest rate shock (which affects short-term
more than long-term rates) does not have any substantial effect on the overall interest rate risk
exposure, which remains, on average, at 5 per cent. As for the consequences in terms of categories
of bank, we find a shift towards liability-sensitive banks. The estimated regressions in this case are

presented in Table 9 and indicate that our main results are also robust to this check.

5. Conclusions

In this paper we have examined how an unexpected increase in interest rates may affect banks’
economic value. We have used a unique panel dataset for Italian banking groups and have assessed
the heterogeneity of banks’ interest rate risk exposure and their risk-management strategies,
following the methodological guidelines of the Basel Committee on Banking Supervision.

We have found that the Italian banking system exhibited a limited exposure to interest rate
risk during the period under review, well below the regulatory alert threshold. Italian banking
groups managed their overall interest rate risk exposure by means of restructuring of on-balance-
sheet assets and liabilities and hedging with financial derivatives. The two risk-management
decisions complemented one another, disproving the hypothesis that banks’ positions in interest
rate derivatives in the banking book were aimed at speculation. In addition, we found that the
interest rate risk was significantly correlated to liquidity risk, which suggests that banks followed
an integrated risk-management approach during the crisis.

This overall picture conceals substantial heterogeneity across banks. The complementary
relationship between interest rate risk-management decisions is especially pronounced for the

asset-sensitive banks, while the correlation between liquidity risk and interest rate risk is stronger

'* However, this does not take into account the substantial disconnect between changes in short-term rates and changes
in long-term government bond yields during the sovereign debt crisis.
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for the liability-sensitive banks. This different impact of an interest rate change on banks’
economic value should be a matter of concern for policymakers.

Our results are likely to represent a lower bound of the negative effects of an interest rate
change on banks’ net worth. The regulatory duration gap indicators do not consider, by
construction, the feedback effects that an increase in interest rates exert on both assets and
liabilities: both the adjustment of bank interest rates and, more generally, the weakening of
economic activity can lead to a decline in trading volumes, which, in turn, could have an additional
negative effect on banks’ profitability. Finally, these measures cannot fully take into account the
higher cost of funding through the Eurosystem’s two 3-year Longer-Term Refinancing Operations,
resulting from their indexation to ECB official rates. Those operations supplied the largest portion

of liquidity to the banks during the crisis.
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Figure2
Interest raterisk exposure of Italian banking groups
(percentage points; averages values across banks)
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Notes. Asset-sensitive banks are those with a positive on-balance-sheet duration gap over the entire sample period;
liability-sensitive banks are those with a negative on-balance-sheet duration gap over the period; other banks are those
for which their on-balance-sheet duration gap changed sign at least once over the sample period.
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Figure3
Non-parallel shift of theterm structure of interest rates:
Effects on Italian banking groups exposureto interest raterisk
(percentage points; average values across banks)
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Descriptive statistics
(average values)

All banks L'igbility- Asset-sensitive Other banks
sensitive banks banks

Interest rate risk exposure
On-balance duration gap -0.3 -14.7 327 -0.3
Off-balance duration gap -3.0 1.5 -20.5 -1.6
Total duration gap -3.3 -13.2 12.3 -1.8
Other bank characteristics
Total assets 42678 11268 59491 54127
Non-performing loans/total loans 39 3.0 3.9 43
Funding gap -8.8 -39.3 43.1 -5.7
Tier 1 ratio 13.1 13.6 13.1 12.9
Loan-to-asset ratio 62.6 584 63.9 64.4
ROE 0.51 -2.11 3.31 1.18
N. banks 68 20 9 39

of which: derivatives users 56 15 7 34
N. observations 505 142 62 301

Notes. Average values are computed over the period 2008H2-2012H1. Total duration
gap is banks’ exposure to interest rate risk calculated on the on- and off-balance-sheet
items. On-balance-sheet duration gap is banks’ exposure to interest rate risk calculated
only on the on-balance-sheet items. Off-balance-sheet duration gap is banks’ exposure

Tablel

to interest rate risk calculated only on the off-balance-sheet items. Asset-sensitive banks

are those with a positive on-balance-sheet duration gap over the entire sample period;
liability-sensitive banks are those with a negative on-balance-sheet duration gap over
the period; other banks are those for which their on-balance-sheet duration gap changed

sign at least once over the sample period.
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Deter minants of the on-balance-sheet duration gap

Table2

Liability- Asset-sensitive

All banks sensitive banks banks Other banks

@) (b) (©) (d)
Panel A. Dependent variable: on-balance duration gap
Off-balance duration gap -0.892 *** -0.189 -0.929 *=* -0.707 ***
Size 0.009 0.016 * 0.005 -0.002
Non-performing loans/total loans 0.211 1.050 *** -1.672 0.186
Funding gap 0.043 *** 0.047 *** -0.174 * 0.033 ***
Tier 1 ratio 0.099 0.919 *=* -0.530 -0.222
ROE 0.037 0.010 -0.175 0.013
Constant -0.062 -0.338 *** 0.330 * 0.092
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.275 0.530 0.624 0.213
Time dummies yes yes yes yes
Bank effects random random random random
Panel B. Dependent variable: on-balance duration gap
Off-balance duration gap -0.712 *** -0.238 -1.148 *** -0.636 ***
Size 0.044 -0.042 -0.491 * 0.053
Non-performing loans/total loans -0.569 1.332 * -5.139 * -0.925
Funding gap 0.036 *** 0.042 *** -0.609 *** 0.003
Tier 1 ratio -0.205 0.436 -1.489 -0.312
ROE -0.038 0.035 -0.139 -0.066
Constant -0.305 0.199 5.569 *** -0.349
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.288 0.541 0.705 0.235
Time dummies yes yes yes yes
Bank effects fixed fixed fixed fixed
Hausman test (p-value) 0.17 0.01 1.00 0.88
Panel C. Dependent variable: on-balance duration gap
Off-balance duration gap -0.884 *** -0.223 -0.939 ** -0.670 ***
Size 0.010 0.018 *= 0.009 -0.003
Non-performing loans/total loans -0.222 0.709 = -3.136 ** -0.216
Funding gap 0.038 *** 0.039 *** -0.282 *** 0.033 ***
Tier 1 ratio -0.026 0.924 *** -0.838 * -0.337
ROE 0.060 0.052 -0.189 0.024
Constant -0.097 -0.420 *** 0.402 0.063
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.187 0.218 0.610 0.134
Time dummies no no no no
Bank effects random random random random

Notes. The estimation is based on half-yearly observations spanning the period 2008H2 - 2012H1.
The Hausman specification test compares the estimated coefficients obtained with the fixed-effect
estimator with those obtained with the random-effects estimator; the null hypothesis is that the
difference in the estimated coefficients is not significant. *, ** *** denote the statistical
significance of the coefficient at the 1%, 5% and 10% level, respectively.
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Determinants of the off-balance-sheet duration gap

Table3

All banks Liability- Asset-sensitive Other banks
sensitive banks banks

@) (b) (©) (d)
Panel A. Dependent variable: off-balance duration gap
On-balance duration gap -0.311 *** -0.039 -0.896 ** -0.188 ***
Size -0.010 0.006 -0.014 0.000
Non-performing loans/total loans 0.576 ** 0.603 *#* -0.288 0.656 ***
Funding gap 0.007 0.002 -0.248 *** -0.001
Tier 1 ratio 0.173 -0.035 -1.007 *** 0.264
ROE 0.040 -0.004 -0.244 0.040
Constant 0.037 -0.050 0.507 ** -0.054
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.218 0.146 0.563 0.185
Time dummies yes yes yes yes
Bank effects random random random random
Panel B. Dependent variable: off-balance duration gap
On-balance duration gap -0.205 *** -0.043 -0.531 == -0.132 ***
Size -0.127 *** -0.024 -0.463 *** -0.150 ***
Non-performing loans/total loans 0.058 0.764 *** -3.586 * 0.058
Funding gap -0.011 * 0.001 -0.463 *** -0.072 ***
Tier 1 ratio 0.050 -0.141 -0.046 -0.172
ROE 0.059 * -0.007 0.043 0.074 *
Constant 1.081 *** 0.203 4.860 *** 1.328 ***
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.280 0.156 0.757 0.339
Time dummies yes yes yes yes
Bank effects fixed fixed fixed fixed
Hausman test (p-value) 0.00 0.00 1.00 0.00
Panel C. Dependent variable: off-balance duration gap
On-balance duration gap -0.287 *** -0.027 -0.687 ** -0.168 ***
Size -0.011 * 0.007 -0.008 -0.001
Non-performing loans/total loans 0.363 * 0.595 *=* -1.802 0.416 *
Funding gap 0.003 0.002 -0.314 ** -0.003
Tier 1 ratio 0.109 -0.036 -0.560 0.215
ROE 0.049 0.000 -0.100 0.046
Constant 0.041 -0.058 0.370 -0.054
N. of observations 496 135 61 300
N. of banks 67 19 9 39
R-squared 0.193 0.122 0.584 0.155
Time dummies no no no no
Bank effects fixed fixed fixed fixed

Notes. The estimation is based on half-yearly observations spanning the period 2008H2 - 2012H1.
The Hausman specification test compares the estimated coefficients obtained using the fixed-effect
estimator with those obtained using the random-effects estimator; the null hypothesis is that the
difference in the estimated coefficients is not significant. *, ** *** denote the statistical
significance of the coefficient at the 1%, 5% and 10% level, respectively.
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Table4
I nterest raterisk-management strategies as endogenous variables

Asset-sensitive
All banks and other banks All banks

@) (b) @)

Panel A. Dependent variable: on-balance duration gap

Lag on-balance duration gap 0.516 *=* 0.388 *** 1.241
Off-balance duration gap -0.474 *** -0.526 *** 0.971
Off-balance duration gap *Asset dummy -0.080 0.003
Asset dummy 0.115 *** -1.752
Size 0.002 -0.004 0.003
Non-performing loans/total loans 0.198 0.088 -1.752
Funding gap 0.032 **=* 0.032 *** 0.007
Funding gap*Asset dummy -0.090 *** -0.020
Tier 1 ratio 0.052 -0.214 -0.020
ROE 0.026 0.015 0.037
N. of observations 429 313 429
N. of banks 66 48 66
Time dummies yes yes yes

Panel B. Dependent variable: off-balance duration gap

Bank fixed-effects as instruments yes yes no
"Derivatives skill" dummy -0.025 *
On-balance duration gap -0.181 *** -0.173 ** -0.671 ***
On-balance duration gap*Asset dummy -0.372 ***

Asset dummy -0.141 *

Size -0.125 *** -0.133 *** 0.003
Non-performing loans/total loans 0.110 0.105 1.058 ***
Funding gap -0.014 * -0.072 *** 0.035 ***
Funding gap*Asset dummy -0.162 *

Tier 1 ratio -0.020 -0.177 0.063
ROE 0.115 *=* 0.102 *** 0.005

N. of observations 429 313 429

N. of banks 66 48 66
Time dummies yes yes yes

Notes. The coefficients are computed using the three-stage least-squares estimator and half-yearly
observations spanning the period 2008H2-2012H1. The on-balance-sheet duration gap and the
off-balance-sheet duration gap are considered as endogenous variables. As instrument for the on-
balance-sheet duration gap we use its own first lag and as instrument for the off-balance-sheet
duration gap we use a bank-specific “derivatives skill” dummy variable as discussed in Section 4.
* ok xEE denote the statistical significance at the 1%, 5% and 10% level, respectively.
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Interest rate risk management during the financial crisis:
variables expressed in first-differences

Table5

Liability-

Asset-sensitive

All banks sensitive banks banks Other banks
(b) (©) (d) (e)

Panel A. Dependent variable: on-balance duration gap
Off-balance duration gap -0.751 *** 0.129 -0.953 *** -0.668 ***
Size 0.001 0.005 -0.002 0.002
Non-performing loans/total loans -0.605 2.483 * -4.351 -1.048
Funding gap 0.057 *** 0.063 ** -0.212 0.046 *
Tier 1 ratio -0.289 0.518 = -0.554 -0.449
ROE -0.058 0.112 * 0.097 -0.113
Constant 0.054 -0.006 0.068 0.039
N. of observations 427 116 52 259
N. of banks 66 18 9 39
R-squared 0.255 0.741 0.500 0.183
Time dummies yes yes yes yes
Bank effects random random random random
Panel B. Dependent variable: off-balance duration gap
On-balance duration gap -0.159 *** 0.020 -0.280 ** -0.125 ***
Size 0.016 -0.024 0.373 ** 0.018
Non-performing loans/total loans 0.093 0.042 -2.338 0.371
Funding gap 0.009 * -0.002 0.465 * -0.011
Tier 1 ratio -0.045 -0.021 -0.150 -0.107
ROE 0.045 0.008 0.114 0.052
Constant -0.160 0.204 -3.743 ** -0.172
N. of observations 427 116 52 259
N. of banks 66 18 9 39
R-squared 0.151 0.111 0.566 0.183
Time dummies yes yes yes yes
Bank effects fixed fixed fixed fixed

Notes. The estimation of the coefficients is based on half-yearly observations spanning the period
2008H2 - 2012H1.All variables are expressed in first-differences with the exception of bank size.
* kEE%E denote the statistical significance at the 1%, 5% and 10% level, respectively.

29



Changing the duration of deposits with unstated maturity

Shortening the Regulatory Lenghtening

duration duration  the duration

Effects on interest rate risk: Average values

On-balance duration gap -4.6 0.1 4.8
Off-balance duration gap -3.1 -3.1 -3.1
Total duration gap -7.7 -3.0 1.7
Effects on panel composition: Number of banks

Liability-sensitive banks 28 19 11
Asset-sensitive banks 6 9 18
Other banks 33 39 38

Notes. Descriptive statistics are computed over the period 2008H2-2012H1. Total
duration gap is banks’ exposure to interest rate risk calculated on the on- and off-
balance-sheet items. On-balance-sheet duration gap is banks’ exposure to interest rate
risk calculated only on the on-balance-sheet items. Off-balance-sheet duration gap is
banks’ exposure to interest rate risk calculated only on the off-balance-sheet items.
Asset-sensitive banks are those with a positive on-balance-sheet duration gap over the
entire sample period; liability-sensitive banks are those with a negative on-balance-
sheet duration gap over the period; other banks are those for which their on-balance-
sheet duration gap changed sign at least once over the sample period.
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Table7
Interest raterisk management during the financial crisis:
shortening the duration of overnight deposits

Liability- Asset-sensitive

All banks sensitive banks banks Other banks
@) (b) (© (d)

Panel A. Dependent variable: on-balance duration gap

Off-balance duration gap -0.866 *** -0.208 * -0.811 =+ -0.696 ***
Size 0.008 0.012 = 0.028 -0.001
Non-performing loans/total loans 0.347 1.075 *** -1.859 0.116
Funding gap 0.057 *** 0.064 *** -0.006 0.047 ***
Tier 1 ratio 0.278 1.135 *** 1.364 -0.114
ROE 0.049 0.019 0.156 0.004

N. of observations 494 199 41 254

N. of banks 67 28 6 33
R-squared 0.279 0.479 0.718 0.242
Time dummies yes yes yes yes
Bank-effects random random random random
Panel B. Dependent variable: off-balance duration gap

On-balance duration gap -0.185 *** -0.062 -0.795 *** -0.128 ***
Size -0.132 *** -0.042 -0.541 *** -0.157 ***
Non-performing loans/total loans 0.078 0.684 * -6.421 *** 0.025
Liquid assets/total assets -0.010 * 0.001 -0.429 *** -0.073 ***
Tier 1 ratio 0.072 0.138 -1.179 -0.202
ROE 0.061 * 0.029 -0.132 0.063

N. of observations 494 199 41 254

N. of banks 67 28 6 33
R-squared 0.262 0.085 0.914 0.371
Time dummies yes yes yes yes
Bank-effects fixed fixed fixed fixed

Notes. The estimation is based on half-yearly observations spanning the period 2008H2 - 2012H1.
* Fk¥*% denote the statistical significance of the coefficient at the 1%, 5% and 10% level,
respectively.
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Non-parallel shift of the term structure of interest rates:

Parallel shift Non-parallel shift

Effects on interest rate risk: Average values
On-balance duration gap 0.1 -2.4
Off-balance duration gap -3.1 -2.3
Total duration gap -3.0 -4.7
Effects on panel composition: Number of banks
Liability-sensitive banks 19 27
Asset-sensitive banks 9 7
Other banks 39 33

Notes. Descriptive statistics are computed over the period 2008H2-2012H1. Total
duration gap is banks’ exposure to interest rate risk calculated on the on- and off-
balance-sheet items. On-balance-sheet duration gap is banks’ exposure to interest rate
risk calculated only on the on-balance-sheet items. Off-balance-sheet duration gap is
banks’ exposure to interest rate risk calculated only on the off-balance-sheet items.
Asset-sensitive banks are those with a positive on-balance-sheet duration gap over the
entire sample period; liability-sensitive banks are those with a negative on-balance-
sheet duration gap over the period; other banks are those for which their on-balance-
sheet duration gap changed sign at least once over the sample period.
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Interest rate risk management during the financial crisis:
non-parallel shifts of theterm structure of interest rates

Table9

Liability-

Asset-sensitive

All banks All banks sensitive banks banks Other banks
@ () (©) (d) (€)

Panel A. Dependent variable: on-balance duration gap
Off-balance duration gap -0.878 *** -0.791 *** -0.319 ** -0.882 *** -0.821 ***
Size 0.006 -0.013 -0.176 ** -0.559 *** -0.004
Non-performing loans/total loans -0.025 -0.724 * 0.605 -4.562 * -0.823
Liquid assets/total assets 0.096 0.073 -0.048 0.416 0.049
Deposit-to-asset ratio -0.177 *** -0.037 -0.410 ** 1.363 *** 0.024
Tier 1 ratio 0.137 -0.189 0.563 * -2.787 ** -0.347
Loan-to-asset ratio 0.127 *** -0.022 0.071 0.127 -0.285 *
ROE 0.061 -0.020 0.066 -0.196 -0.070
Constant -0.074 0.179 1.474 = 5.655 *** 0.301
N. of observations 503 503 198 50 255
N. of banks 68 68 28 7 33
R-squared 0.269 0.285 0.392 0.853 0.282
Time dummies yes yes yes yes yes
Bank-fixed effects no yes yes yes yes
Panel B. Dependent variable: on-balance duration gap
On-balance duration gap -0.876 *** -0.783 *** -0.295 * -1.054 ** -0.822 ***
Size 0.003 0.002 -0.143 *** -0.642 0.014
Non-performing loans/total loans -0.020 -0.467 0.294 -10.204 -0.543
Liquid assets/total assets 0.093 0.068 0.009 -0.288 0.007
Deposit-to-asset ratio -0.170 *** -0.046 -0.324 ** 2.170 0.062
Tier 1 ratio 0.191 -0.009 0.483 ** -2.354 -0.199
Loan-to-asset ratio 0.127 *** 0.030 0.067 -0.254 -0.170
ROE 0.055 -0.012 0.070 0.756 -0.035
Constant -0.081 -0.033 1.186 *** 6.575 0.029
N. of observations 503 503 246 26 231
N. of banks 68 68 34 4 30
R-squared 0.287 0.301 0.315 0.935 0.332
Time dummies yes yes yes yes yes
Bank-fixed effects no yes yes yes yes

Notes. The estimation is based on half-yearly observations spanning the period 2008H2 - 2012H1.
* ok xF% denote the statistical significance of the coefficient at the 1%, 5% and 10% level,

respectively.
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Appendix

TableAl
Weighting schemefor theinterest raterisk measure
. A imat
Median PP ro>.<1.ma © Interest rate C
. modified . Weighting
. maturity . shock in
Time band expressed in duration basis points factor
P expressed in P (C=(A)x(B)
months (B)
years (A)
overnight 0.00 0.00 200 0.00
up to 1 month 0.50 0.04 200 0.08
over 1 month and up to 3 months 2.00 0.16 200 0.32
over 3 months and up to 6 months 4.50 0.36 200 0.72
over 6 months and up to 1 year 9.00 0.71 200 1.42
over 1 year and up to 2 years 1.50 1.38 200 2.76
over 2 years and up to 3 years 2.50 2.25 200 4.50
over 3 years and up to 4 years 3.50 3.07 200 6.14
over 4 years and up to 5 years 4.50 3.85 200 7.70
over 5 years and up to 7 years 6.00 5.08 200 10.16
over 7 years and up to 10 years 8.50 6.63 200 13.26
over 10 years and up to 15 years 12.50 8.92 200 17.84
over 15 years and up to 20 years 17.50 11.21 200 22.42
over 20 years 22.50 13.01 200 26.02
Table A2
Weighting schemefor theinterest raterisk measure
based on non-parallel interest rate shock
Medi Approximate Interest rate Interest rate
© 1a-m modified shock in shock in Weighting  Weighting
. maturty . . . . .
Time band din duration  basis points basis points factor factor
exii(e)jlst;s expressed in (non-parallel (non-parallel (C)=(A)x(B) (C)=(A)x(B)
years (A) shift: Hp (a)) shift: Hp (b))
overnight 0.00 0.00 200 200 0.00 0.00
up to 1 month 0.50 0.04 200 200 0.08 0.08
over 1 month and up to 3 months 2.00 0.16 200 200 0.32 0.32
over 3 months and up to 6 months 450 0.36 200 200 0.72 0.72
over 6 months and up to 1 year 9.00 0.71 200 200 1.42 1.42
over 1 year and up to 2 years 1.50 1.38 200 200 2.76 2.76
over 2 years and up to 3 years 2.50 2.25 194 188 436 4.22
over 3 years and up to 4 years 3.50 3.07 188 175 5.76 5.37
over 4 years and up to 5 years 450 3.85 181 163 6.98 6.26
over 5 years and up to 7 years 6.00 5.08 175 150 8.89 7.62
over 7 years and up to 10 years 8.50 6.63 169 138 11.19 9.12
over 10 years and up to 15 years 12.50 8.92 163 125 14.50 11.15
over 15 years and up to 20 years 17.50 11.21 156 113 17.52 12.61
over 20 years 22.50 13.01 150 100 19.52 13.01
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