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ABSTRACT

In today’s environment of fluctuating interest rate prospects, it is timely to discuss
in detail certain issues inherent in banks’ interest rate risk management, with
particular emphasis on nonmaturing deposit balances. Experience indicates that
banks currently employ a variety of approaches. The objective of this analysis is
to identify an optimal methodological framework for interest rate risk modelling,
focusing on the interest rate risk embedded in sight deposit products, building
upon established risk management principles. The study seeks to highlight the
limitations and systematic biases of widely used modelling techniques to enable
the future application of more accurate methodologies. This need is further re-
inforced by the volatile interest rate environment, which has prompted stricter
regulation, limited modelling flexibility, and increased demand for standardisa-
tion in the field. In modelling non-maturity deposits, based on the constant bal-
ancesheet assumption, the focus will be on the perpetuity approach and the de-
posit rate elasticity. The analysis covers not only effects on the net interest income
(NII) but also on the economic value of assets and liabilities (EVE), while also
offering a critique of replicatingportfolio approaches. The study aims to provide
useable results for risk management professionals, with the hope of contributing
to sectoral stability during periods of financial stresses.>
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1 INTRODUCTION

The proper identification and management of interest rate risks are of paramount
importance for banks as part of their core activities, which might easily lead one
to assume that this field already relies exclusively on highly matured methodolo-
gies. This is true in many respects, however, the handling of more complex prod-
ucts arising from optionalities is still characterised by substantial simplifications
and by methodological approaches that have, over time, somewhat gone astray.
Both regulation and market practice naturally require certain simplifications to
ensure that all institutions can apply the framework in a practical manner and
that robust, comparable indicators are available — objectives that must be recog-
nised alongside the criticisms raised. Developments in the field can be observed
in the expansion of computational capacity and in software support, yet this has
also resulted in users — similarly to what can be observed with statistical soft-
ware - becoming somewhat distanced from the more direct use and understand-
ing of the underlying theory. Consequently, some confusion can be discerned
in the practical application of the theoretical relationships between the run-off
approach, the role of repricing time and the assumption of a constant balance
sheet. The aim of this study is to present and build upon theoretic fundamentals a
new behavioural modelling framework for the interest rate risk modelling of non-
maturity deposits, which is more appropriate than today’s widespread practices.
This framework adopts a perpetuity-based perspective while placing the repric-
ing delay and the given interest rate elasticity at its centre. The following chapters
alternate between professional context and theoretical derivation.

2 REGULATORY AND PROFESSIONAL BACKGROUND

2.1 Development of regulation

The methodology for interest rate risk in the banking book (IRRBB) remained
relatively unregulated for a long time by both the Basel Committee and the Eu-
ropean Banking Authority (EBA), not by accident. Institutions operate in highly
heterogeneous circumstances not only regionally, but also in terms of size, life-
cycle stage, activities and strategic orientation; moreover, aside from the crises of
the recent past, this risk factor had a more limited direct impact. In recent years,
however, this has changed, and the topic has received increasing attention.

In this context, the term “Banking Book” refers to all bank positions other than
those held in the Trading Book, where market risk positions are consciously un-
dertaken in a typically limited and isolated manner. Interest rate risk, in brief,
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means that the value of a given position and the associated income may fluctuate -
and may generate losses — depending on changes in the interest rate environment.

Prior to 2016, the focus was on repricing mismatch indicators by tenors (gap) and
on present value stress calculations of products, with certain stress metrics be-
ing subject to limitations (regulator of Hungary standard stress being 200-basis-
point for EVE-type). At the same time, the methodologies applied by large banks
were diverse and, compared with the regulation, more advanced, for example in
the use of Monte Carlo techniques and various stress scenarios (see also Kalf-
mann, 2008, for further regulatory background).

The topic subsequently came to the forefront with the Basel Committee on Bank-
ing Supervision’s (BCBS/BIS®) detailed methodological guidance entitled “Inter-
est rate risk in the banking book” (BIS 2016), which was essentially adopted in the
EU through the European Banking Authority’s “Guidelines on the management
of interest rate risk arising from non-trading book activities” (EBA 2018). In these
methodologies, the supervisory approach is based on assessing the effects of six
new standardised stress scenarios, encompassing both economic value and net
interest income stress variants. The clear objective is to set out a traceable, imple-
mentable and uniform methodological expectation for institutions, one which at
the same time reduces the room of the institutional modelling and the application
of alternative approaches (e.g. Monte Carlo simulation; see Ro6b Péter, 2011).

Following these developments, the supervisory authorities of the EU Member
States, including the MNB (National Bank of Hungary), placed increased empha-
sis on facilitating the introduction of the new methodologies, a process strongly
propelled by the pronounced volatility of the global interest rate environment
after the 2020 COVID crisis. The MNB has also set out progressively expanding
expectations and recommendations in its ICAAP-ILAAP-BMA Manual (MNB
2021, 2022, 2023, 2024), which, from 2021 onwards, already recommends the es-
tablishment of a maturity-structure model for sight deposits.

The original Basel regulatory principle was broadly that institutions should have
the option to choose between simpler, more robust, potentially more conservative
solutions adapted to their circumstances that may imply higher capital require-
ments, and more complex, more accurate methodologies that require substantial-
ly more data, longer time series and greater resources, with the latter giving room
for internal modelling and encouraging methodological sophistication. The level
of modelling was therefore not typically imposed by legislation but rather incen-
tivised, offering institutions genuine options. Experience shows that banks em-
ployed a wide range of approaches. Recently, however, standardisation appears to

3 Committee of the Bank for International Settlements (BIS).
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be gaining the upper hand: the European Banking Authority (EBA), and through
it the European supervisory authorities, are striving for greater uniformity, which
has resulted in the emergence of centrally selected and mandated methodologies
and in a reduction in methodological diversity. Consequently, the correctness of
the chosen methodology has become particularly important in order to avoid sys-
tematic modelling risks.

Products whose expected cash flow (CF)* cannot be predetermined and calculated
in advance inherently create uncertainty. Fundamentally, almost all risk types can
be traced back to the unpredictability of the cash flow of a given balance-sheet item.
Where the CF is uncertain, interest rate sensitivity characteristics will likewise be
uncertain, and the risk will shift to this area as well. In such cases, institutions’ in-
dividual approaches may range from the application of simpler and generally more
cautious, conservative assumptions to more complex modelling solutions.

Non-maturity deposits particularly fall into this category, but term deposits may
also be included owing to the dynamics of early withdrawals and placement vol-
umes, which, given today’s low balances, may even exceed the volatility of non-
maturity deposit balances, as illustrated in Figures 1-4 for various periods. At
the same time, deposit balances represent a very substantial share of the liability
side of the balance sheet of traditional commercial banks, thus, they may play a
significant role in offsetting the interest rate sensitivity of asset-side lending prod-
ucts. For this reason, it is essential that banks’ management of interest rate risk
needs to be grounded in the projection of genuinely expected processes and risks.

To explore the interest rate risks of deposits, it is necessary to return to the defi-
nitional foundations of interest rate risk and to build upon these, as set out in the
derivation below. At first glance, the issues discussed may seem rather simple and
obvious, particularly when compared with more complex models. However, prac-
tice shows that fundamental conceptual differences have emerged within the pro-
fession, which may significantly distort even more sophisticated approaches. This
justifies a more detailed discussion of these questions and suggests that an attempt
should be made to reconnect them to the basic objectives of risk management.

2.2 The theoretical foundations of the methodologies
The primary aim of interest rate risk modelling is to assess the potential economic

value (EVE, Economic Value of Equity) and income (NTI, Net Interest Income)
impacts arising from shifts in interest rate levels. These impacts may give rise to

4 Cash flow (CF) denotes the set of future cash movements by time and amount.
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hedging actions (e.g. entering into an IRS®), or even the establishment of capital
bufters for any remaining potential losses, the latter also reflecting supervisory
expectations and incentives towards the development of more comprehensively
hedged portfolios.

In EVE stress tests, one must begin from their fundamental objective: to examine
the fair valuation of all balance sheet items in Banking Book under changes in the
yield environment, irrespective of their accounting valuation method. In essence,
this constitutes a partial differential calculation based on theoretical pricing for-
mulas, which generally rely on the Discounted Cash Flow Method (DCF) (Széz,
2003; Damodaran, 2005; Kalfmann, 2008).

The assumption of an unchanged balance sheet structure for the institution is
a natural corollary of this approach, aiming to isolate interest rate risk effects,
especially as rapid interest rate shocks typically leave no practical time for re-
structuring. The standard supervisory interest rate shocks are, by design, of this
nature (EBA 2018).

Another general underlying assumption is that both the contractual rate of float-
ing-rate positions and the discount rate change to such an extent that, following
the repricing period, their effects cancel each other out. This is a robust and trans-
parent view, consistent with the very purpose of repricing.

In general modelling practice (including the EBA and BIS standard method
recommendations; BIS 2016), the scheduling of principal to the repricing time
accords with this understanding, and can be further refined by modelling in-
dividual fixed cash flow elements. Thus, the effective repricing is the earlier of
the payment and the repricing time, and principal is to be allocated to the repric-
ing time. Deriving from this approach - namely the scheduling of principal to
the repricing time and the truncation of cash flows thereafter (i.e. applying only
for floating-rate components, excluding fixed spreads) - there follows a further
equivalent assumption: in the fair valuation of a given instrument, expected fu-
ture contractual interest rates are taken to correspond to the forward yields® of
the yield curve’ as its projection. Only the general use of forward rates yields the
cumulative cancelling effect on valuation - stemming partly from the contrac-

5 IRS: Interest Rate Swap, a derivative transaction used to exchange fixed cash flows for floating ones.

6 Forward yield: the yield applicable between two future dates t; and t, which ensures that
applying the spot yield to t; and then the forward yield to t, produces the same overall return as
the t, spot yield.

7 Yield curve: the term-structure of expected returns in a given financial market as a function of
maturity (tenor).
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tual interest rate, and partly from discount factors derived from the spot (zero-
coupon) curve - resulting in a net zero impact over this period.

A brief methodological remark is warranted: despite the embedding of this in
IRRBB and in fair valuation logic, the interpretation of the forward yield curve
as a forecast (the expectations hypothesis, Lutz, F.A.-Lutz, V.C,, 1951) is not uni-
versally accepted in economics. The forward curve may shift rapidly and assume
atypical shapes during periods of turbulence, and certain tenor segments may
behave as partially distinct market products.

Throughout this analysis, spot curves are understood as zero-coupon curves, rep-
resenting the market-implied yield for a single cash flow at a given tenor - often
not directly observable and themselves the result of model estimation (the BU-
BOR?® is a zero-coupon curve, longer interbank yields require modelling).

This classical interest rate risk management perspective, together with the un-
changed balance sheet assumption is the origin of the EU regulation’s recom-
mendation of the run-oft approach? (EBA 2018), in order to avoid distortions from
expectations about future portfolio restructuring — distortions not intrinsically
related to interest rate risk. Under a constant balance sheet assumption, the maxi-
mum repricing horizon is generally the maturity date, since the assumption pos-
its that an identical transaction will be renewed thereafter, replacing the previous
one - yet such a new transaction has no interest rate risk effect, as it is priced at
inception to the prevailing rate environment.

In NII modelling - that is, in estimating the expected annual net interest income
impact due to an interest rate shock - discounting plays no role. Only the cumula-
tive effect on cash flows arising from changes in contractual rates is relevant over
the next one-year horizon. These effects, at transaction level, also depend on the
repricing period, since the instrument’s interest income will shift only following
the repricing-induced adjustment.

These are, therefore, the underlying principles and objectives to be followed. The
unchanged balance sheet assumption is also recommended by the MNB, with a
single exception: accounting for flows between term deposits and non-maturity
deposits. However, at the aggregate level, the assumption of constant total deposit
volumes is retained (MNB 2021, 2022, 2023, 2024).

8 BUBOR: Budapest Interbank Offered Rate.

9 Run-off approach: the non-modelling of cash flows from future renewals, often mistakenly
interpreted as contradicting the constant balance sheet assumption.
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3 INTEREST SENSITIVITY OF NON-MATURITY DEPOSITS

Sight deposits are products without maturity whose interest-rate sensitivity is ob-
servably low, functioning, in effect, as a “leverage” multiplier in the price-forma-
tion process of the contractual interest rate®. This can be approximated, in simpli-
fied form, by the ratio of long-term interest-rate levels. The figures below illustrate
interest rate and volume developments in the Hungarian banking sector, broken
down into retail and corporate business segments for Hungarian Forint deposits
(Figures 1 and 2), followed by separate tables for Euro deposits (Figures 3 and 4).

10 A proximate concept for EBA purposes is the “pass-through rate”, used for identifying core and
non-core balances.
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Figure 4

Hungarian banking sector Euro deposit volumes adjusted to present value using the CPI, broken down by retail and corpo-

rate segments (left axis, billion EUR), alongside the main prevailing money market yields (right axis, %)
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Just as with price elasticity, interest-rate elasticity of two variables refers to the
expected rate of their change rates.

In the case of deposits, the principles dictate that we should consider the fair valu-
ation methodology. Accounting valuation typically focuses on the notional value
without discounting, as in the assessment of a company’s own equity or in more
complex corporate valuations.

When discussing the issue of the non-maturity deposit category, it may appear
straightforward to conclude that the problem lies in the absence of maturity, and
that the goal is to supplement this with an appropriate model. From an interest rate
risk perspective, however, this is a significant misconception. It is important to em-
phasize that the problem is not caused directly by this characteristic of these prod-
ucts, but only indirectly: the root cause lies in the institutional pricing practices that
have developed in the course of mass managing the individual volumes of deposits
with varying placement and withdrawal times. Interest rate risk fundamentally re-
sides in the repricing period. Pricing of non-maturity deposits is typically not tied is
a pre-defined manner to yield environment, and even if it is linked to a given refer-
ence rate, the spread can be adjusted at any time by the institution. Consequently,
these portfolios typically reprice uniformly according to the bank’s discretionary
decisions, making the institution’s repricing practices and behavioural patterns the
critical factors.

Thus, the product has two key fundamental characteristics:
1) the depositor’s option to withdraw the non-maturity deposit at any time,

2) the bank’s option to modify the interest rate of the non-maturity deposit at
any time (legally subject to a slight delay®).

In a fair valuation perspective, the expected income is generally assessed through
cash flow projection and discounting using the DCF method. Even if additional
cash flow modelling steps or probabilistic branches are employed, discounting re-
mains a common feature in the assessment of future cash movements, reflecting
interest rate risk through yield variability. Moreover, a typical interest rate risk
component in interest-bearing products is the variable-rate cash flow element.

13 The bank’s reaction time also includes internal decision-making processes. In Hungary, current
legislation additionally requires a 15-day period between announcing a change in non-maturity
deposit rates and its implementation.
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General formula in the DCF method (Szadz, 2003; Damodaran, 2005):

PV = CF 1
N 1+ r)t W
where: PV: Present Value,

CF.: payment due in t time,
t: remaining maturity of CF elements,
r;: expected yield for the given maturity.

For non-maturity deposits, however, the cash flow behaves as a strongly probabil-
istic variable, since the client holds an option to withdraw the principal immedi-
ately and to terminate the transaction, even partially.

The institution uses its option of the interest rate pricing to adjust it to the market
rates, aligning with its competitive position, which, due to the competitive en-
vironment in the banking sector, is expected to converge toward sectoral levels.

Accordingly to these observations, we can consider an interest cash flow whose
interest is linked with a given elasticity to interbank rates (e.g., overnight'), while
the timing of principal repayment at maturity can only be described by a prob-
ability distribution. In such case as a principle, each possible outcome can then be
weighted by its probability of occurrence.

If, however, one evaluates a portfolio instead of individual deposits, where product
features such as repricing are approximately homogeneous within the portfolio, the
relevant consideration becomes the total balance level, in which individual trans-
actions that are replaced are irrelevant. Under a constant balance-sheet assump-
tion, this leads to the perpetuity valuation methodology.

It appears that the industry has so far avoided treating non-maturity deposits
as perpetuities, presumably due to their intangible nature, the need for bespoke
formulas, and confusion arising mainly from approaches aimed at compensating
for the typical absence of maturity, which has diverted attention from the signifi-
cance of the repricing time.

14 In other words: the overnight rate, which is practically a one-day interest rate.
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The general formula for the present value of a perpetuity with fixed cash flow ele-
ments and fixed yield (Luenberger, 2009) is:

C
PV ==
r

2)

where: PV: present value,
C: amount of recurring payment in the CF»
r: expected yield (typically the longest tenor on the yield curve).

Interest-rate sensitivity is determined primarily by the repricing time rather
than the estimated maturity of the instruments. When the interest-rate elasticity
equals one, the sensitivity calculation principle described earlier for interest rate
risk also applies here. That is, regardless of the dispersion of actual maturities,
cash flows could be truncated and principal scheduled according to the expected
repricing time. The resulting calculation of the scheduled CF differential between
stressed and current discount rates therefore provides the fair value differential
of the product. In this framework, one could apply the annuity formula up to the
repricing time for interest CFs, and then schedule the total principal using the
DCF method for the same repricing time. However, this remains an imprecise
approach still.

Two additional, previously mentioned factors must be taken into account, which
modify this theoretical approach:

a) the effect of general leverage in interest rates, or in other words, the impact of
interest-rate elasticity differing from one,

b) the volume inflow and outflow of term deposits, which should be considered
even under rapid shocks due to their potential speed of occurrence.

The impact of interest-rate elasticity can be observed clearly in aggregate public
data for the banking sector. By examining pricing practices, we adopt the sim-
plifying assumption that non-maturity deposit rates are treated homogeneously
within the portfolio under study. In practice, this assumption can typically be ap-
plied at the level of individual product, client group, and currency combinations,
having uniform parameters such as interest-rate elasticity, repricing period, and
sensitivity to flows into term deposits. These sub-portfolios will henceforth be
referred to simply as “products”.

15 Note that in later formulas, “C” may stand for the principal using the common notation of the
formulae in question!
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Interest-rate elasticity is further treated as a general characteristic in the sense
that it is assumed independent of interest rate levels, a necessary simplification
given the large shocks under investigation*. From the assumption of uniform
interest-rate elasticity, the interest-rate elasticity factor acts as a multiplicative
term between the two variables.

As an additional simplification, the portfolio is considered immediately restruc-
tured upon occurrence of the shock, reflecting an assumed rapid reaction and
reallocation among deposit types. Under this assumption, the portfolio exposure
must be adjusted to reflect the restructured balances prior to calculations.

Henceforth, the deposit portfolio can be treated at the portfolio level as a perpe-
tuity, where interest CFs are determined using the relevant interest-rate elasticity
multiplier.

To apply the approach, the pricing formula must be expressed and then its vari-
ation examined under interest rate shock scenarios. The calculation must sepa-
rate the impact during the repricing period from the impact thereafter, where
the effect of the contractual interest rates and discounting differs across the CF
elements.

4 ANALYSIS OF THE CORE / NON-CORE BREAKDOWN OF
THE BIS APPROACH

Let us now consider the above in comparison with supervisory guidance, focus-
ing first on the “core” / “non-core” breakdown.

If one adopts the strongly simplified view — which cannot be significantly justified
by pricing observations - that the effect of interest-rate sensitivity is not homoge-
neous at the portfolio level but results from the combined effect of different trans-
actions, in which only two extremes exist, i.e., a fully flexible portfolio segment,
the non-core, and a completely inflexible segment, the core, where the inflexible
portion is entirely insensitive to transaction interest rates (BIS 2016), it must be
noted that this is not equivalent to identifying fixed-rate items, whose cash flows
can be scheduled and truncated according to maturity, because any new transac-
tion initiated at the end of the original one will also be interest-insensitive and
will not reprice. Therefore, the fair valuation of the inflexible segment depends
only on the discount rate in relation to the interest-rate environment, and the

16 The Hungarian supervisory expectation, expected to take effect in 2026, specifies parallel shifts of
the Forint yield curve: a total range of 800 bp across shocks of 400 bp (MNB, 2024). Previously,
the shock range was +300 bp, and before the Basel 2016 recommendations, +200 bp.
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cash flow can be treated as a perpetuity from a pricing perspective under a con-
stant balance-sheet assumption. The flexible segment of the portfolio would, of
course, clearly be schedulable according to repricing times, however, the shortest
repricing period is typically used, again as an overly simplistic assumption.

In reality, interest-rate sensitivity is more homogeneous at the product level but
varies across products, rather than emerging as the combined effect of two port-
folio extremes. Thus, the aforementioned breakdown may only be interpreted
theoretically across products or transactions, representing an excessively simpli-
fied view that assumes solely fully flexible and completely inflexible components.

The simplified core / non-core interpretation can be reconciled to a limited extent
with the approach examined in the present analysis at the product-portfolio level,
which primarily applies to the flexible segment, which exhibits an elasticity fac-
tor close to one, varying across products. The valuation of the completely inflex-
ible segment, however, appears appropriate only under the perpetuity approach,
which is typically not applied in repricing calculations by either supervisory au-
thorities or institutions.

It is also worth noting that the development of this approach took place dur-
ing the period of very low and relatively stable interest rates preceding the post-
COVID economic crisis, when the role of interest rates appeared less significant.

A more advanced use of the core / non-core breakdown may replace the rigidly
flexible/completely inflexible segmentation with a fully flexible/less flexible distinc-
tion and align it with the approach discussed in this analysis. In practice, both
application and supervisory interpretation appear to be shifting in this direction.

The BIS recommendation - possibly influenced by previously low interest rates in
Western Europe, often close to zero — proposes a methodology based on the assump-
tion that core and non-core balances can be identified. However, it presumes that
the maturity of the core balances can be estimated, which in practice is suggested for
use in assigning repricing-time categories. According to the principles outlined in
this analysis and the characteristics of the products, this is fundamentally a flawed
approach, primarily because, under the constant balance-sheet assumption, the re-
newal of non-maturity deposits — which occurs as individual items mature — does
not correspond to a repricing event, since the repricing of non-maturity balances
typically occurs at the portfolio level rather than the transaction level, and is gener-
ally defined by banks in their public product notices. Therefore, maturities generally
have no direct connection to repricing, and repricing must be analysed separately to
determine when, with what delay, and to what extent it occurs under given shocks.
The objective is not to assign an artificial maturity distribution to items without
maturity.
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At the portfolio level, the extremely segregated, heterogeneous nonmaturity de-
posit repricing process according to the extreme repricing times described above
does not characterise the Hungarian sector and is not observable in this form;
consequently, it is not appropriate to apply it as such. It cannot be observed that,
under shocks, significant segments would reprice only after several years or never.
Heterogeneity appears at the product level in the interest-rate sensitivity and re-
pricing (or delay) values, as illustrated in Figures 1-4.

For the nonmaturity deposit product, it is not characteristic that a depositor
would receive a new interest rate if they withdrew and then redeposited funds at
any later time, since the conditions are not individualised or tied to specific cash
movements but are general.

Apparent misinterpretation may arise solely from the observation that in certain
portfolio segments repricing occurs only rarely, sometimes only every few years.
This does not necessarily support a similarly long repricing lag, as it may merely
reflect the tracking precision and rounded step intervals in the follow-up adjust-
ments, and it depends entirely on the magnitude of shocks that occurred during
the period under review, which may not have triggered any repricing. For exam-
ple, if an institution only adjusts its rate when the transaction interest differs by
200 basis points from 35% of the BUBOR ON reference value, but no such event
has occurred for years, this does not imply that it would not react more quickly
under a significant shock. Standard shocks are considered sufficiently substantial,
and conclusions must be drawn on this basis. This interpretive issue has been
mitigated by recent interest-rate shocks, but it existed when the regulation was
first being developed.

The core / non-core separation as a simplified model carries inherent risks, particu-
larly if

a) the identification of the core segment is excessive,

b) assuming a completely interest-insensitive stable portfolio and

¢) scheduling the stable portion using a maturity-based approach

d) over excessively long repricing horizons

for interest-rate risk calculations. Such an application may lead to unjustifiably in-
flated estimates of liability-side interest-rate risk offsets, which can result in under-
hedging of assets. Points b) and c) reflect general methodological errors, while the
magnitude of points a) and d) depends on the modelling approach, though they are
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characteristic; this is evidenced by the European Banking Authority subsequently
imposing upper regulatory limits on these elements”.

Building on maturity can extend repricing over several years, whereas in reality it is
often observed around 0.5-1 year under shocks (see figures and the author’s model-
ling experience).

Overestimated liability-side repricing times can therefore cause portfolio-level posi-
tion shifts, under-hedging of fixed asset-side transactions, and potential losses in the
event of upward interest-rate shifts or shocks, particularly if the shift is persistent.

It should also be noted that the BIS approach to core identification recommends
considering two factors jointly: the characteristic of remaining stably with the
institution and the non-repricing property (BIS 2016, Article 112, p. 26). Even in
this case, it remains questionable why an item would reprice at longer “renew-
als”, as maturity continues to have no repricing role. Furthermore, using these
two characteristics can easily create confusion in modelling, as not all segments
simultaneously exhibit both interest insensitivity and stable volume; rather, their
degree and pattern typically differ, particularly observable at higher interest rates.

Overall, the core / non-core breakdown perspective appears to be applicable only
as a strong simplification at product-, client-, currency-, or narrowly defined port-
folio levels, where interest rate-insensitive and interest rate-sensitive balances can
be clearly distinguished. However, the generally moderate interest-rate sensitivity
phenomenon should not be treated as the result of these factors, but rather, as
discussed further below, in relation to the flexible portfolio segments.

Due to the perpetuity behaviour of non-maturity deposits, it is generally worth
noting that, for a fixed perpetuity, using a duration-based (tenor average), first-
order (discount) interest-rate sensitivity as an approximation for stress testing
the position’s present value is not appropriate. This is because the magnitude of a
stress shift is generally high relative to the discount rate, in a perpetuity, it is pro-
portional to K rather than 1 + K, and if K is small, the distortion is even greater
(as one approximates using the tangent of a hyperbola). Consequently, discount-
rate sensitivity is significantly nonlinear. If, for example, a core / non-core model
application leads to such a task, a higher-order approximation should at least be
employed, but the most accurate approach remains to calculate by the actual PV
difference formula rather than relying on sensitivities.

17 The upper limit for maturity-based scheduling is five years (!), and for the core ratio 9o%,
although lower limits apply to certain segments.
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The portion considered stable and entirely interest-insensitive typically relates
to noninterest-bearing items or items with negligible interest, which are most-
ly transactional or convenience balances. In this case, ignoring interest, there
is nothing left under the perpetuity approach - no interest, no principal - and
therefore no interest-rate sensitivity, simplifying its treatment substantially. How-
ever, this also means that it provides no liability-side offset for interest-rate risk.
From an interest-rate risk perspective, such balances can therefore be treated sim-
ilarly to interest-insensitive equity elements, which are generally excluded from
modelling.

Therefore, for simplifying the modelling through categorisation, it is more appropri-
ate to divide the non-maturity deposit portfolio into the following five main cat-
egories rather than the previous two, typically based on product, client segment,
currency, or other defining characteristics:

A. sub-portfolio with floating interest rates
- sub-portfolio that has officially floating rate, although banks may adjust
the negative spread component with a given tracking period, so behavioural
characteristics should also be examined here,

B. sub-portfolio considered fully interest rate-sensitive
- sub-portfolio exhibiting behaviour similar to floating rate products but re-
quiring behavioural modelling for repricing-time or delay parameters,

C. sub-portfolio with a given degree of interest elasticity,
— where the interest elasticity must also be defined beyond the parameters
above

D. sub-portfolio completely interest-insensitive with fixed interest
- which requires a perpetuity representation and formula-based stress simu-
lation rather than duration-based methods; such sub-portfolios likely do not
exist in practice or constitute only a small portion,

E. sub-portfolio completely interest-insensitive with zero or negligible interest (e.g.,
between o and 0.1%)
— which should be excluded from modelling and may represent a significant
share due to transactional balances.
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5 METHODOLOGICAL REMARKS ON REQUIRED PARAMETER
ESTIMATIONS

5.1 The importance of institution-specific modelling capabilities
and modelling freedom

The aim of this study is to establish a methodological framework, not to enforce
the use of specific methodological details or particular calculation results. Mod-
elling freedom is important to ensure that institutions retain the ability and in-
centive to capture key processes more accurately and in a manner tailored to their
own data sets and tools.

Sector-level conclusions or measurements must, of course, always be adapted to
the specific institution, potentially incorporating expert adjustments. A funda-
mental principle is that, where available, an institution’s own historical data series
should be primarily analysed and considered, with sectoral time series used to a
lesser extent. This is significant because, as noted in the earlier analysis, institu-
tions have considerable discretion in pricing non-maturity deposits and may estab-
lish their own strategies; accordingly, repricing generally does not derive directly
from the contractual parameters of transactions. Therefore, it should be regarded
as a necessary behavioural modelling component, or an embedded option, with
adjustments potentially required due to institution-specific characteristics. Insti-
tutional behaviour is generally influenced by the institution’s position in product
pricing competition, which may relate to its size and market share, as well as to the
interest-rate sensitivity of its depositors and the extent to which they move their
deposits between institutions or investment markets in response to pricing.

The use of an institution’s own data for modelling may be limited by, for exam-
ple, a very short historical series for products with identical parameters, highly
volatile volumes (due to non-interest-driven incentives), business strategy, or the
absence of suitable historical series for relevant shocks (e.g., for older shocks).

5.2 Analytical focus on stress periods

With regard to the estimation of repricing-time and balance-change parameters, it
should be noted that, since standard shocks are of significant magnitude, historical
regression analyses should preferably be restricted specifically to major shock peri-
ods and examined in isolation, as processes may differ considerably under stress for
fundamental reasons. For this purpose, a delayed-variable linear regression with
zero intercept is appropriately applicable, in which the optimal lag identifies the
repricing delay and the beta coefficient represents interest-rate sensitivity. The zero
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intercept (alpha) is a fundamental requirement arising from the need for a general
interest-rate elasticity value that is independent of the general level of interest rates.

Even when the analysis focuses on shocks, expert assessment and adjustment may
be required to account for any atypical characteristics of the particular shocks,
which may result in reactions lower or higher than average. For example, periods
of turbulence caused by non-economic factors, such as the shutdowns during the
COVID pandemic, may have been considered temporary by the market and insti-
tutions, while simultaneously generating high savings and deposit levels, leading
to slightly dampened institutional responses.

Focusing on shocks in the calibration of risk parameters is not an unusual prac-
tice, for instance, this is reflected in the commonly Trading-Book related Stress
Value at Risk (§VaR) methodology (BIS 2016).

5.3 Asymmetry of repricing delays for non-maturity deposits

Analyses”® have also indicated, and this can be observed in Figures 1-4, that repric-
ing times exhibit significant asymmetry depending on the direction of the shock.
This is fundamentally explainable by the effect on banks’ income positions, which
in turn influences their pricing policies.

The BIS/EBA model does not address this asymmetry, nevertheless, incorporat-
ing it is an ideal objective for achieving more realistic estimates.

The basic idea is that this can be implemented by calibrating models separate-
ly for stress-period observations distinguished by shock direction. It should be
recognised, however, that this introduces significant methodological challenges.
Simple models, as well as more complex toolkits, can only be applied with consid-
erable caution and, preferably, with expert adjustments.

Within significant stress periods, when examining isolated up- and downswings,
a straightforward linear regression approach faces obvious statistical challenges,
notably non-stationarity in addition to the problems posed by shorter time se-
ries. It is important to emphasise that the current objective is solely to determine
asymmetric variable lag times, while ensuring alignment with the delay values
of a symmetric model so that the lags are in the same direction and bracket the
symmetric measure. Fundamentally, the goal is to identify the changes in trends,
which requires analysing time windows surrounding the change points rather

18 The author has measured and utilised these parameters in professional work; however, presenting
the results is not the objective of this analysis. Outcomes depend on the parametric or expert
identification of historical stress periods. Asymmetric repricing delays were also noted by Maes
and Timmermans (2005) for savings deposit types in the Belgian banking sector.
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than solely the up- and downswings. Very short time series should be avoided,
and minimal trend influence should be sought at the series’ edges wherever possi-
ble. However, identifying stress periods of sufficient magnitude and speed within
the time series is already challenging. By focusing on change events in the trend,
difference variables can be analysed to identify the delay factor, which is a com-
mon method to address non-stationarity. Besides, we should not forget, that in
the main regression model, the differenc variable itself is not what we need for
measuring linear interest-rate elasticity. Selecting appropriate time windows pre-
sents another significant, related issue: strong trends or missing data at the edges
can strongly influence the main trend and the average levels of the variable when
shifting the window, which may affect the parameter measuring the fit.

Regarding asymmetric lagged variables, it is worth mentioning the Asymmetric
Price Transmission (APT) theory™, which has been widely studied and offers ele-
ments that can be applied to further analyse the issue. Beyond time-series analy-
sis methods, the economic context can also be aligned: interest rates represent
the price of money, mediated by the bank between the interbank market and its
clients. A more recent approach for examining this issue is the nonlinear autore-
gressive distributed lag model** (NARDL). However, in such complex methodolo-
gies, there is generally no built-in focus on explicitly identifying and analysing
significant shocks in a particular direction, and behaviour differing by direction
is typically inferred mechanically from time-series decomposition, splitting by
the sign of movements. This can fragment the shock trajectory due to smaller
fluctuations, whereas fundamentally it should be interpreted as a continuous pro-
cess. When applied as stress-focused analyses, the same issues arise regarding
window shifting and non-stationarity within stress segments.

5.4 Identifying the yield environment affecting repricing of
non-maturity deposits

Regarding the examination of the yield environment, it should be noted that
overnight rates exhibit smoother behaviour than central bank policy rates, while
generally moving in tandem with them and serving as a reference for deposit
pricing. Correlations with other short-tenor rates can also be examined, but
stronger relationships are typically observed with shorter tenors.” It should be

19 An overview is given by Meyer and Cramon-Taubadel (2002).
20 Described by Shin, Y.-Yu, B.-Greenwood-Nimmo, M. (2014).

21 The author has measured and utilised these parameters in professional work; however, presenting
the results is not the objective of this analysis.
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noted that during periods of pronounced stress (e.g., 2022-2024), when inverted
yield curve appears, statistical measurements may show stronger dependencies
on longer maturities. This is primarily and temporarily caused by the smaller
fluctuations of longer yields and the proximity of the low interest-rate path of
non-maturity deposits with low interest-rate sensitivity, and does not necessarily
reflect a fundamental causal relationship.

This topic also relates to the replicating portfolio approach, a widely used model-
ling technique. Its underlying idea is similarly based on the co-movement of non-
maturity deposit rates with a combination of interbank deposit rates. However,
this approach has methodological problems, which will be discussed in detail later.

5.5 Empirical insights

In Figures 5 and 6, we plot the retail and corporate non-maturity deposit rates as a
function of the overnight BUBOR rate over a long 20-year period (January 2005-
March 2025). The figures show both a simple linear regression and a regression
through the origin based on the fundamental assumptions discussed.

Figure 5
Hungarian retail interest rates as a function of BUBOR ON (January 2005-
March 2025; slope intersecting the origin: 0,18765, r*: 0,5749, p-value <2,2e-16)
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Figure 6

Hungarian corporate interest rates as a function of BUBOR ON (January
2005-March 2025; slope intersecting the origin: 0,204921, r: 0,8159, p-
value<2,2¢-16)
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Source: author’s compilation

The figures immediately show that the points are arranged in several groups, in-
dicating the unique behaviour of various crises. If we consider them together,
we get quite different slopes than separately, as the correlation of the segments
points more realistically towards the origin. Thus, by aggregating and averaging
the interest-rate sensitivity estimates from the crisis-specific analyses, we may ar-
rive at different results than when analysing the combined sample, particularly if
the fundamental assumption of intersecting the origin is abandoned.

Considering the same figures but omitting the post-COVID stress period, it be-
comes apparent that this period indeed accounts for most of the observed seg-
mentation:
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Figure 7
Hungarian retail interest rates as a function of BUBOR ON (January 2005-
March 2025; slope intersecting the origin: 0,348527, r*: 0,9817, p-value<2,2e-16)
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Source: author’s compilation

Figure 8
Hungarian retail interest rates as a function of BUBOR ON (January 2005-
March 2025; slope intersecting the origin: 0,301061, r*: 0,9917, p-value<2,2e-16)
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Thus, the pre-COVID period provides an opportunity for robust, statistically sig-
nificant measurements of interest-rate elasticity, as indicated by the slope, even
though this simple example does not focus on other crisis periods or additional
statistical parameters. Statistics, however, are not our goal but a tool, and fun-
damentally, the experience from all crises must be incorporated into the model-
ling in some manner — whether through expert adjustments, weighted averages of
elasticity, or other techniques.

Consequently, this brief analysis also highlights the presence of a general interest-
rate elasticity factor that is mainly independent of the level of interest rates, al-
though it may vary across different types of crises.

6 THE PERPETUITY-BASED FORMULA FOR MODELLING
NON-MATURITY DEPOSITS

Returning to the required computational methodology, we generally apply the
interest-rate elasticity multiplier assumption. Thus, we assume that the contrac-
tual rates of a given sub-portfolio follow the relevant interbank benchmark rates
- typically overnight or other short-term rates — with a uniform repricing lag and
a proportional multiplier, which may vary by the direction of the change and by
portfolio segment.

As explained earlier, owing to this multiplier, the DCF method cannot be straight-
forwardly simplified: the cash-flow evaluation cannot be omitted for the post-
repricing components, as the impact of the contractual interest-rate change does
not exactly offset the effect of the change in the discount rate. Consequently, re-
turning to the fundamental objectives, we must estimate differences in fair value
under a constant-balance-sheet assumption, for the time being.

In the simple case of non-maturity deposit volumes with stable interest-rate elas-
ticity, the following occurs until the repricing time: the discount rate changes
immediately, while the contractual rate changes only at the repricing time. Thus,
by default, according to the cash-flow formulation, the product behaves as a fully
fixed-rate item during the first period, meaning that there are no flexible and
inflexible components.

For the post-repricing period, the perpetuity of the contractual rate - determined
by the interest-rate elasticity multiplier - must be discounted using the yield
curve under the constant balance sheet assumption.

At this point, it should be noted that this is not valid if the product has contrac-
tual floating interest by its public product notice and, according to the model, the
institution’s general repricing lag exceeds the next repricing date specified in the
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notice. In such cases, the closer repricing date may be applied, however, the mag-
nitude of interest-rate sensitivity arising from the subsequent adjustment of the
spread relative to the reference rate must be taken into account, to the extent that
it is observable. In these situations, repricing may be modelled in two steps, since
the repricing specified in the product notice may be followed by a later spread
adjustment when the institution reacts to the shock. These cases will not be ad-
dressed further here.

Since the yield curve is typically not flat, the interest-rate risk effect of non-matu-
rity volumes can, in theoretical terms, be examined in three phases during shock
testing, as set out below, assuming that yields beyond the end of the curve are
treated as constant.?

1) Until the repricing date, the instrument typically behaves as a fixed-rate trans-
action, with no change in the cash flows.

2) In the period following the repricing date, the cash flows should be specified
taking into account the interest-rate elasticity multiplier. In this case, how-
ever, the calculation is not uniform due to differences in yield levels along
the yield curve; therefore, up to the observation point corresponding to the
longest tenor of the yield curve, an appropriate approach is to specify and
discount the cash flow by elements. In this case, the contractual rate must be
adjusted using the derived forward yields as reference, multiplied by the in-
terest-rate elasticity factor, since future rate movements are likewise expected
to follow the prevailing yield environment. In line with the general approach
established earlier, this future path can be projected on the basis of forward
rates calculated between the points of the curve corresponding to the relevant
interest-rate periods. The cumulative effect differs between the contractual
rate and the discount factor because of the interest-rate elasticity multiplier.

3) Beyond the longest tenor observation point of the yield curve, the calculation
can be simplified by applying the perpetuity formula, which must, of course,
be further discounted from that point onwards using the period-specific dis-
count factor in order to obtain a present value.

However, the multi-stage specification of cash flow calculations may be regarded
as a computational complexity.

Let us now examine the change in the value of a simple perpetuity for a given
interest-rate elasticity multiplier, assuming a flat yield curve in the examined seg-

22 This is a commonly applied modelling assumption in valuation exercises.
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ment beyond a given tenor (T). Such case is the 3) above, i.e. the segment follow-
ing the longest tenor of the observed yield curve.

The present value of a perpetuity can be expressed as the product of principal and
the interest rate level:

C-k

PV=—--—-—-—-—
rr-(L+rp)T

©)

where: PV: present value,
C: principal outstanding,
k: contractual interest rate,
r: expected yield at tenor T,
T: the starting time for applying the perpetuity formula.

The term (1 + r7)7 discounts the future value to present value from the starting
point of applying the perpetuity formula.

The interest rate “k“ can be expressed by “L* leverage or interest-rate elasticity
multiplier and by “r’4,“ as the expected future market rate, in the form k = 1’4, - L,
where 1’4, denotes the given dt tenor, that is, the forward rate period to which the
non-maturity deposit portfolio is sensitive. Typically, this corresponds to over-
night (ON, dt =1 day) or another specified short tenor.

Since we have assumed that from the starting point of applying the formula (T)
the expected yield level remains constant at r;, it follows that over this period the
r'qe values of the short-term (dt) forward yields likewise take identical values,
coinciding with r; along the flat segment of the yield curve.

Thus, if the 1’4, forward yield coincides with the r; yield, the perpetuity formula
applicable to non-maturity deposits simplifies in an interesting way after substi-
tution:

C-L

PV=—"_
A+r)T

@)

where: PV: present value,
C: principal outstanding,
L: general interest-rate elasticity of the transaction,
r;: expected yield on tenor T,
T: the starting time for applying the perpetuity formula.

It can be seen that, at this stage, the product is effectively not interest rate-sensitive
at the cash-flow level over periods beyond the application tenor, but only sensitive
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for the discount factor at time T. Consequently, the mitigation of interest rate risk
remains effective even under low interest-rate elasticity, albeit proportionally less,
in line with lower rates. The present value is sensitive solely to the extent of in-
terest-following ratio and to the discount factor corresponding to the beginning
of the period. The L interest-rate elasticity can be generally assumed to be stable.

It is advisable to identify only the end of the yield curve for the T point, the per-
petuity segment commencing from there can be considered to have a uniform ex-
pected yield and is calculable using the perpetuity formula, based on information
on yields available at present. Thus, the flatness of the yield curve is assumed only
for unobserved long-term yields, as a form of convergence, and over the long seg-
ment the slope of the yield curve is typically modest, reflecting a broadly similar
market perception.

It should also be noted that the perpetuity formula is applicable only to tenors
following repricing, not only for the sake of a uniform cash-flow representation
but also because the repricing period of the portfolio is fundamentally shorter
than the ideal period for assuming a constant yield, which is relevant only for
long-term yields.

This formulation for the valuation of non-maturity deposits raises an important
interpretive point: namely, that the interest rate risk exposure effectively reduces to
the magnitude of the interest-rate-elastic share identified by the interest-rate-elas-
ticity multiplier. For this share, the effect of the contractual rate and the discount
factor neutralise one another after the start of the perpetual-annuity application
period, in the same way as for other transactions with an elasticity of 1, once the
repricing period has passed.

This means that the reduced capital exposure Cx L may be expressed as a single
cash-flow element at time T, corresponding to the start of the flat segment of the
yield curve, while subsequent cash-flow elements may be omitted, and discounting
is then performed at time T within the usual modelling framework.

This is thus an important result that simplifies modelling and is also well aligned
with empirical observations.

It should also be emphasised that the unchanged cash flow up to the repricing
date concerns the full cash-flow exposure as the cash flow is expressed, and not
the reduced one. Although the interest rate applied here will also be lower than
the market reference rate by virtue of the inherently lower interest-rate-sensitivity,
the contractual cash flow plan written out should not be reduced. However, if the
entire cash flow is to be treated under a reduced-capital approach, then the interest
rate applied to the reduced capital in the fixed-rate period must be divided by the
interest-rate-elasticity multiplier when the interest cash flow is expressed.

o11
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7 EXTENDING THE APPLICATION OF THE COMPUTATIONAL
APPROACH

In sum, we have so far established that, under the assumptions of a constant
balance-sheet and stable interest-rate elasticity, the cash-flow representation of
a given volume of non-maturity deposits is reduced to a single term at the start-
ing point of the flat segment of the yield curve, as if the capital exposure became
due only in proportion to the interest-rate elasticity at that point — an outcome
implied by the perpetuity formula.

This applies to the entire affected cash-flow horizon, jointly to both the flexible
and non-flexible components, if the portfolio is viewed in such a theoretical de-
composition.

7.1 The shock-dependent case of interest-rate elasticity

As long as the behaviour of interest-rate elasticity is assumed to be stable and its
shock-sensitivity is not assumed to be relevant over longer tenors, the conclu-
sion is sustainable. If empirical observations indicate that interest-rate elasticity
becomes unstable under shocks, the methodology must be enhanced and interest-
rate elasticity must be modelled, incorporating its effects. For this purpose, the
application of the perpetuity formula with new parameters values will typically
also be required, which does not render the current simplification substantially
more complex, but merely implies that the (L) term becomes shock-dependent.

7.2 Simplifying the calculation between the repricing period
and the perpetuity phase

Up to now we have not examined in detail the valuation between the repricing
date and the point at which the yield curve becomes flat. The contractual interest
rate for these cash-flow segments is also determined on the basis of the forward
curve, which must be derived from the constructed yield curve in both the base-
line and stressed scenarios estimations, and is generally tenor-dependent. When
determining the interest cash flow, however, the interest-rate elasticity multiplier
(L) must again be applied. Here too, the interest amount equals the forward refer-
ence yield multiplied by the elasticity (L), applied to the capital (C) at the relevant
time (t). Its value under the DCF methodology may therefore be expressed as
follows:
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T-1 T-1 T-1
CF, C-r'qee L r'
PV = t — dt,t =C-L- dt,t (5)
1+t 1+7m)t 1+n)t
t=tq t=tq t=ty

where: PV: present value,
CF;: payment due in t time,
t: remaining maturity for CF elements,
t: the time of the first repricing interest cash-flow element
T: the starting time of the application period of the perpetuity formula.
r;: the yield expected for the given maturity
r'y, theforwardyield at time t for the period dt, defined over the interval
between t-dt and t.

It can be observed that, since no principal repayment is assumed at portfolio level
under the constant balance-sheet assumption, the linearity of the formula for
the interest-rate elasticity allows these elements to be factored out as multipliers
from the terms to be aggregated, as the valuation formula is first-order sensitive
to interest-rate elasticity. Consequently, a similar conclusion is reached in that the
exposure value may be regarded as reduced in proportion to interest-rate elastic-
ity. Thus, the compensating effect of floating interest rates will again operate on
the remaining proportion of the exposure, between the contractual rate and the
discount rate. In this respect, the formula functions in a manner analogous to the
perpetuity formula.

In summary, the reduction of the principal amount in proportion to interest-rate
elasticity may be considered as the measure of interest-rate exposure for tenors
following the repricing period, and the instrument may therefore be treated as a
floating-rate product having this reduced principal amount.

In EVE stress scenarios, it is appropriate to schedule the principal of the limited-
elasticity non-maturity deposit portfolio simply according to the repricing time,
while principal exposure must be adjusted using the interest-rate elasticity as a
multiplier. Interest cash flows calculated on the full principal must be taken into
account prior to the repricing period.

73 Managing stresses having long-term transition

In a long-term balance evolution model, one possible approach is to explicitly
write the cash flows in detail by tenor up to the end of the projected changes
(forward curve yields x interest-rate elasticity x magnitude of changes in scope).
For the remaining time interval, the perpetuity approach may be applied, and the
resulting ineffectiveness in the present-value difference justifies omitting the cash
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flows, while the leverage multiplier should still be applied. After repricing, the
interest-rate elasticity component can also be factored out from these formulas,
since in the specialised DCF formulation it appears linearly as a first-order mul-
tiplicative term again. However, the long-term evolution model does not conform
to the classical standard supervisory shock approach, and therefore does not fully
align with the realistic expectations for Basel and EU/EBA standard shocks, al-
though there appears to be emerging supervisory openness in this regard.

7.4 Application to other products

Non-unity interest-rate sensitivity clearly also manifests in other products where
floating interest is contractually specified. Under the constant balance-sheet as-
sumption, a stable, renewable balance may likewise be treated as a perpetuity,
even if it has a contractual maturity. In such cases, the repricing period is also
clearly defined according to the applicable interest parameters. It is, however, im-
portant to examine the relationship between the transaction’s reference rate and
the shock-induced shifts, as this may alter or even offset the contractual interest-
rate sensitivity.

7.5 Net interest income stress calculations

For NII stresses, the situation is much more straightforward. Here, the relevant
period for changing interest income is within one year, which is correctly covered
by the post-repricing period up to the one-year tenor. In general, the interest-rate
elasticity multiplier must be applied to the exposure to provide an accurate esti-
mate of the impact on interest income, as there is no discounting involved - only
the proportional adjustment of the effect on contractual interest income.

Therefore, in NII stress scenarios, the exposure must also be adjusted by the in-

terest-rate elasticity multiplier, and the impact calculated for the period following
repricing.
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8 CRITIQUE OF THE REPLICATING PORTFOLIO APPROACH

The replicating portfolio approach applied in the modelling of non-maturity de-
posits warrants attention because it is now not only widely used, but also refer-
enced and recommended by supervisory authorities. The Basel Committee on
Banking Supervision (BCBS), in its 2016 methodological guidance on interest rate
risk in the banking book (BIS 2016), mentions the widespread use of this approach
for nonmaturity deposits in the chapter on “Key Considerations and Assump-
tions”. Subsequently, the National Bank of Hungary (MNB), as the national bank-
ing supervisor, has also recommended the use of the model (MNB 2021, 2022,
2023, 2024; Appendix 3: “Expectations for the Modelling of Nonmaturity deposits
for Institutions, and the MNB’s Own Benchmark Model for Banking Book Inter-
est Rate Risk”).

In the literature, the model is most frequently associated with the analysis by
Maes and Timmermans (2005), which examined a type of savings deposit in the
Belgian banking sector. Their study provides a clear description of the application
technique of the model, however, they were not the originators of its underly-
ing theory, but rather analysed it as an already established practice. It should be
noted that the authors effectively summarised the fundamental characteristics of
the non-maturing deposits and made observations regarding historical pricing
behaviours (such as asymmetric repricing lags and interest-rate ratios) similar
to those highlighted in this analysis. They also formulated numerous critical re-
marks regarding the methodology of the replicating portfolio approach. Notably,
they advised caution when applying it for supervisory purposes. They further
observed that alternative methodologies, such as Monte Carlo-based cash-flow
simulation models, appear to have a stronger methodological foundation. The
analysis demonstrates a careful examination of an inadequate model, of which
own critics the professional community has paid relatively little attention to.
Moreover, the fundamental derivation of the basic concept is lacking, and thus its
flaws have not been thoroughly identified — possibly because the analysis focused
on a solution already in practical use.

The most significant critical observations are summarised below.
a) Lack of fundamental justification and the paradoxical logic

The basic concept assumes that institutions’ asset-optimisation and pricing
processes result in the utilisation of funding in a manner, that it can be seen as
equivalent to a combination of deposits with different maturities, thereby al-
lowing the properties of such a structure - including the maturity profile - to
be applied to nonmaturity deposits.
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b)

)

The existence of such a process, however, is not empirically supported. Banks
typically do not place their assets in such interbank deposit structures, inter-
bank deposits beyond a few months are rare. Instead, banks predominant-
ly lend to clients due to asset-side margins, so the objective is not solely to
minimise the margins and volatility on the deposit side. Furthermore, banks
maintain substantial central-bank and other highly liquid short-term (over-
night to one month) reserves for liquidity safety, and for longer-term holding
purposes, they invest in liquid bond markets due to the high liquidity of these
assets. The bond market is linked not to interbank expected yields but rather
to government bond yields. Deposit pricing is often also driven by interbank
rate competition, aligned with the institution’s competitive position and the
interest-rate sensitivity of its clients.

Practice does not support the assumption that, although the asset-side deposit
placement process does not actually take place and the corresponding bal-
ance-sheet yields do not evolve accordingly, banks would nevertheless price
on the basis of such a theoretical deposit portfolio.

The paradoxical nature of this logic lies in the fact that we seek to determine
the interest rate risk characteristics of nonmaturity deposits precisely in order
to enable institutions to build their risk management and hedging processes
upon them, which in turn leads to a reconfiguration of the bank’s balance-
sheet structure. This model, however, presupposes the given and optimal
functioning of these processes from the outset; consequently, if the model’s
outcome were to feed back into them, their assumed stability and optimality
would be automatically called into question.

The authors of the cited analysis (Maes-Timmermans, 2005) themselves note
that, for example, Monte Carlo-based cash flow output simulation models
appear to be methodologically more sound (see, inter alia, the Conclusions
section).

Modelling the maturity structure instead of the repricing period

From the above, it may be somewhat understandable that the assumed exist-
ence of term deposits leads to a focus on maturities; however, the historically
observed behaviour of nonmaturity deposits does not support this theory. The
approach systematically diverts attention from the interest-rate risk signifi-
cance of the repricing period, shifting focus instead to “substituting” a matu-
rity for deposits that are, by definition, “without maturity”, as implied by their
designation.

Disregard of the uniform portfolio-level repricing option of the bank

The uniform, portfolio-level repricing option of the banks through public
product notices confers a floating-rate character on nonmaturity deposits at
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d)

e

23

the product level, applied consistently across the portfolio, whereas the model
aims at fixed-rate, segmented deposit modelling. In practice, banks are not
constrained by the assumed maturities of the deposit structure, nor by those
of loans, particularly when considering an interest rate reduction environ-
ment. Banks are able to reshape their repricing profile through their liquid
assets and interest rate hedging transactions; the speed of this process may
vary, depending, inter alia, on how rapidly they follow or even pre-empt the
shock. Moreover, the asset-side repricing time may differ significantly across
banks, reflecting deliberate business policy and interest rate risk management
choices, and may allow a given institution to respond more rapidly.

The model performs poorly under stress scenarios

The authors of the referenced analysis (Maes-Timmermans, 2005) also dem-
onstrate and explicitly identify as a shortcoming (for example, in the Conclu-
sions section) the instability of the model during periods of stress. Yet this
would precisely constitute the primary objective of such modelling. This also
shows that the replicating portfolio model does not capture an existing stable
underlying process.

The model is unstable, and its results are sensitive to the optimisation objective
function, the observation period, and parameter choices

The same authors (Maes-Timmermans, 2005) also show and identify as a defi-
ciency the model’s sensitivity and instability with respect to parameterisation.
This again suggests that the replicating portfolio model fails to represent a
stable underlying process.

Practical application of the model shows® that during pronounced stress
periods — when the yield curve becomes inverted over significant segments
(for example, between 2022 and 2024) - optimisation based on the dispersion
of margin deviations and the Sharpe ratio paradoxically steers the optimal
portfolio composition towards the longest maturities. This occurs because,
along the stress path, shorter tenors exhibit larger stress-induced fluctuations
in the time series than both long-term yields and the typically lower-rate non-
maturity deposits. In non-inverted yield curve environments, the model typi-
cally reaches its optimum at considerably shorter tenors. Consequently, the
model reacts in an outsized and unstable manner to yield curve inversions,
producing materially different results depending on the extent to which the
selected modelling period is characterised by an inverted yield environment.
The model thus tends to be unstable precisely during stress periods, delivering

In the course of the author’s professional work, the relevant parameters were measured and used,
however, their presentation does not form part of the present analysis.
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results that diverge markedly from those obtained under non-stress optimi-
sation - exactly when interest rate risk management seeks robust and reli-
able outputs for preparedness. This constitutes a significant limitation of the
model and materially constrains the applicability of its results.

f) The characteristics of specially regulated savings deposits are not fully compara-
ble to those of nonmaturity deposits

The referenced study (Maes-Timmermans, 2005) focuses on savings deposits
within the Belgian banking sector that are supported by specific regulatory
features. These products are unlikely to behave in a manner fully consistent
with the definition of simple non-maturity deposits. They can be expected to
carry higher interest rates and to be less strongly characterised by transac-
tional and operational balances.

9 NOTES ON VOLUME MODELLING

So far, we have not addressed the real-world phenomenon whereby, in response to
individual shocks, depositors can indeed quickly reallocate between non-matu-
rity and term deposits. Modelling this process may be useful if its dependence on
the interest rate environment can be demonstrated through appropriate model-
ling. However, it is worth noting the following points.

For modelling deposit flows, it does not appear sufficient to rely solely on the
specification of standard interest rate scenarios as a condition, particularly under
the instantaneous shock criterion of the EBA assessment. Deposit flows depend
on a number of additional factors, not all of which are strictly related to shifts in
the interest rate environment. The main such factors are:*

a) the time profile over which the yield curve shift occurs;

b) customer expectations regarding the long-term outcome of the shift, including
their interest rate risk expectations, which are likely to influence term deposit
decisions to a greater extent than the magnitude of the shift itself:

« additional shifts in the same direction over a period of time,
« reversion to previous levels (e.g., COVID),
o persistent shifts;

24 Maes and Timmermans (2005), in their examination of savings deposit types in the Belgian
banking sector, also note in Section 2.3 the considerable difficulty of analysing purely inte-
rest rate environment correlation due to other external factors, such as alternative investment
opportunities.
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¢) the actual proportion of interest rate change affecting non-maturity and term
deposits (interest-rate sensitivity relationships);

d) the macroeconomic environment of the shift:

« the level of confidence in the banking sector,

« macroeconomic stability, the financial stability of customers, the extent to
which people need to draw on their savings during a crisis,

o relative yield shifts in capital and bond markets (e.g., discounted govern-
ment bonds, MAP+, etc.).

For all these reasons, a sensitivity-based portfolio model approach, which examines
the regression between the magnitude of an interest rate environment shock and the
yield environment, can naturally only provide a highly simplified approximation.
Accordingly, it is advisable to apply it conservatively and in a moderate manner,
provided that the relationship can be demonstrated.

The factors affecting such volume changes can also have a significant impact on the
institutional behaviour that determines the pricing of non-maturity deposits, as
the bank can offset the outflow-supporting factors to the extent necessary through
interest rate adjustments.

Recent observations of portfolio flows do not unequivocally support the assump-
tion that, in the event of shocks, flows between term deposits and non-maturity
deposits would necessarily be in exactly opposite directions and of equal magni-
tude (see Figures 1—4). This is likely due to other contemporaneous crisis effects
and to the flow directions of term deposits across other money market segments
in recent periods (term deposits — equities — investment funds - bonds - foreign
currency, etc.). Nevertheless, in the case of purely interest rate risk effects — with-
out changes in other crisis factors or in the relative returns of investment sec-
tors - it remains reasonable to assume a constant balance-sheet perspective at the
aggregate deposit level. This assumption is necessary to enable partial or ceteris
paribus analysis of interest rate changes, isolating them from all other factors, as
also recommended by the National Bank of Hungary in its ICAAP methodologi-
cal manual.

Therefore, based on observations of deposit portfolio flows, it is advisable to pro-
ceed conservatively and, relative to the deposit movements observed during recent
shocks, to identify and model only considerably smaller flow magnitudes that genu-
inely depend on the interest rate environment between non-maturity and term de-
posits, provided that the relationship can be demonstrated.

619



620

SANDOR SZATHMARY

SUMMARY

This analysis raised criticisms regarding the following modelling phenomena and

a)

b)

d)

e)

f)

supervisory expectations:

In the modelling of non-maturity deposits, the focus on establishing a matu-
rity is misplaced, as repricing should be the relevant consideration.

In the modelling of non-maturity deposits, the role of individual, transaction-
level maturities or deposit rollover periods is not observable in practice at the
portfolio level, due to the uniform pricing applied through public product no-
tices.

The “run-off” approach (BIS, EBA, MNB), in connection with the above, is
unsuitable for modelling deposits without maturities under the assumption of
a constant balance sheet; instead, the perpetuity approach should be applied.

The applicability of the replicating portfolio approach is problematic due to
the unproven assumption of an institutional optimisation relationship with
deposit rates, the focus on maturity rather than repricing time, its unstable re-
sults, and its general inconsistency with observable shorter repricing periods.

The core / non-core approach is overly rigid and does not reflect the less bi-
nary nature of real-world products, which can in fact be characterised and
segmented along multiple important parameters, such as interest-rate elastic-
ity and repricing lag.

In supervisory practice, the interest-rate elasticity multiplier is not applied in
EVE calculations, even though its necessity can be derived.

The most important conclusions of the analysis are reflected in the following

a)

b)

modelling recommendations:

The use of observable repricing times and the historically observed repricing
lags following shocks as institution-specific behavioural models, instead of
inadequately justified models.

In both EVE and NII modelling, the interest-rate elasticity of non-maturity
deposits should be taken into account, fundamentally as a multiplier of in-
terest rate risk exposure. This can also be demonstrated in the case of EVE
through a combined application of the perpetuity and DCF approaches.

Instead of the core / non-core approach, modelling should be based on prod-
uct-level parameters, whereby genuinely interest-insensitive and non-interest-
bearing elements cannot be treated as interest rate risk offsets on the liability
side. A new categorisation based on these parameters is proposed, which also
allows for simplification of modelling approaches within certain categories.
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Among the visibly evolving and expanding supervisory regulations, significant
deficiencies appear to persist, the unresolved nature of which introduces contra-
dictions into the sophistication process, particularly with respect to increased
stress levels and stricter supervisory conditions.

It must be clearly understood that, at the international level too, albeit to varying
degrees across individual banks, an overestimation of the repricing times of non-
maturity deposits due to flawed modelling can be found in the banking sector
currently, as well as the overestimation of exposures not adjusted for interest-
rate elasticity (primarily EVE) and of liability-side positions not adjusted for fully
interest-insensitive segments. These all appear as falsely balancing factors for the
asset side, resulting in erroneously longer repricing times of assets (more fixed-
rate instruments, longer floating rate periods) and insufficient interest rate hedg-
ing (e.g., IRS) when optimising the banks’ overall interest rate risk positions.

Until these issues are fully understood, there is little point in further refining su-
pervisory stress levels, limits, and restrictions, as systematic distortions become
embedded in the sector’s risk management. This arises not only from the choice of
centralised methodologies but also from the increasingly constrained operation-
al flexibility of banks and the need to comply with stricter requirements, which
compel compensatory adjustments.

When a modelling issue is identified for certain institutions, the situation is un-
likely to be resolved instantaneously; transitional relief in terms of timing and
limit compliance may also be necessary during the adjustment period. Supervi-
sory authorities should support institutions in this process.

Consider the matter from a broader perspective. Most bank executives are well
aware — and this is observable in banks’ accounting performance - that in a high
interest rate environment, the net interest income of most banks typically in-
creases significantly due to rising interest margins. A substantial portion of this,
however, actually derives from the negative margins on deposits rather than from
positive margins on assets, which naturally vary across banks. Furthermore, de-
posit rates tend to rise more slowly and to a lesser extent under positive interest
rate shocks, while they fall more rapidly in a declining rate environment. This
is precisely the empirical manifestation of the combined effects of interest-rate
elasticity and repricing lags.

So how does this work in practice? Under strict supervisory conditions, is there
really such room for variation in interest income on supposedly fully hedged
portfolios? Or are bank portfolios perhaps not as fully hedged as the IRRBB mod-
elling suggests, particularly given the implicit pressure to reduce capital require-
ments? Unfortunately, the latter appears to be the case.
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Perhaps the next step in the sophistication process should be for the industry to
address this issue openly, which may also entail accepting a certain residual open
position as an inherent feature of banking operations, rather than attempting to
conceal it*. The IRS market alone is not necessarily able to meet all hedging re-
quirements at acceptable transaction costs for every bank, so floating-rate assets
should arguably be given greater focus.

As a cautionary example, the recent bank failures in the United States, such as the
case of Silicon Valley Bank, are instructive, as analysed in detail by Julia Kirély
and Andras Mikolasek (2023). The root cause originated from interest rate risks
in the bank book, as long-term fixed-rate bonds on the asset side suffered devalu-
ation during the stress period of rising interest rates. This was observed by the
bank’s investors and depositors, triggering a bank run that led to a liquidity crisis
and ultimately to the bank’s failure.

In such a case, it would likely not be sufficient to reassure investors and depositors
simply by showing that the institution models its deposit-side repricing behaviour
in a way that it is not expected to raise rates for years — even if competitors do -
assuming this would adequately offset the situation.

It is hoped that this analysis has promoted a more accurate measurement of in-
terest rate risk, enabling more precise portfolio hedging and contributing to the
development of banks’” and supervisors’ interest rate risk management routines,
thereby supporting the stability of the banking sector even in turbulent and vola-
tile interest rate environments.

25 Risk managers are generally reluctant to tolerate open positions; here, a trade-off emerges
between EVE and NII hedging, where pursuing long-term EVE coverage may result in lower
nominal NII coverage.
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