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Interest rate derivatives are important elements in both the financial 
markets and the banking product portfolios. In addition to the basic 
interest rate swaps, options on swaps and bonds, interest rate floor 
and cap products are also present explicitly or embedded in other 
financial instruments. Accurate valuation and a good assessment of 
their risks are also important when developing a proper accounting 
assessment, hedging strategy, measuring counterparty risks, and 
managing interest rate risk in banking books. In this newsletter, we 
describe the main types of these transactions as well as the most 
important pricing models.

Risks
Derivatives are traditional products in the financial 
markets and have evolved in parallel. Their 
importance for financial institutions is huge, so it 
is extremely important to develop an appropriate 
evaluation and risk management framework. 
Derivatives cannot be valued in the same way 
as traded shares or foreign exchange rates, as 
prices are generally not observable due to the 
unique nature of the contracts. Therefore, it is 
required to develop pricing models that are properly 
calibrated to ensure that both the pricing and risk 
measurement are appropriate. Accounting standards 
therefore attach great importance to valuation and 
related hedge accounting. Similarly, in the Basel 
framework for banking regulation the main task of 
the counterparty risk management and interest rate 
risk management in the banking book, among other 
things, are to achieve an appropriate risk level. In the 
case of interest rate in banking book, it should be 
emphasized that embedded bond options are also 
expected to be treated, which was also reported in 
our February 2022 newsletter.

Types of interest rate derivatives

An interest rate derivative is a financial instrument 
with a value that is linked to the movements of 
an interest rate or rates. Interest rate derivatives 
are often used to hedge interest rate risks but 
can also be used to take an interest rate position 
in the hope of future profit. Of the many possible 
categories, three main types are highlighted in this 
newsletter.

Swaptions
A product based on swaps is a swap option, in which 
the conditions under which the holder of the option 
may enter into an interest rate swap are specified 
in the contract. The underlying interest rate swap is 
typically a simple, fixed and a floating interest rate 
swap.

The advantage of swaption transactions is that they 
allow the holder of the option to switch between 
fixed and floating interest rates, depending on which 
is more profitable at the expiration. This makes 
it possible to take positions and manage the risk 
of certain special instruments. For example, if a 
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borrowing customer has the right to switch between 
fixed and floating interest rates, or in the case of fixed 
interest rate contract, to prepay without additional 
costs, it can be considered as an implicit swaption 
position. In such cases, it may be necessary to 
evaluate the swaption to price the client interest rate, 
evaluate the position and hedge the risk.

Bond options

A bond option is an option where one of the parties 
has the right to sell or buy a particular bond on pre-
determined terms (date, price etc.). These types of 
options are often embedded in the terms of the bond, 
for example, giving the issuer a repurchase option.

A typical example of a callable bond is a bond issued 
for regulatory purpose, such as AT1, T2, or MREL 
compliant resources. EBA reports on AT1 equity 
assets and TLAC / MREL bonds also highlight that 
many bonds have such options. Reports add that 
repurchases are in many cases tied to significant, 
unforeseen regulatory or tax changes.

In general, repurchase and other options favorable to 
the issuer increase the level of interest that investors 
would expect from a bond. If the bond contains an 
option that is favorable to the investor, such as a 
redeemability option, it will reduce the interest on 
the bond.

Interest rate cap and floors

In the OTC market, popular interest rate option 
offered by financial institutions is the interest rate 
cap or floor. These are intended to provide protection 
against interest rates rising or falling below a pre-
determined level. In addition to products that are 
explicitly traded in the market, such options are 
typically embedded into loans and floating rate 
bonds.

The former case must also be taken into account 
interest rate risk management, because it is a typical 
contractual point that the reference rate of the loan 
cannot be negative. With this practice the Bank 
protects its own interest margin, but it is important to 
take this into account when measuring interest rate 
risks for both EVE and NII. It should also be taken 
into account when applying a hedging strategy, since 
the actual behavior of a floating rate loan with an 
interest rate floor is more like a fixed interest rate in 
a low interest rate environment due to low cash flow 
and high present value volatility.

An example for a floating-rate bond is 2027/B 
government security issued by ÁKK, where the 
minimum interest rate based on the BUBOR 3M 
reference rate is 0.01%, i.e. it cannot be zero or 
negative.

Main pricing models

Pricing interest rate options is a more complex task 
than pricing derivatives for a stock or currency. This 
is because their value is influenced by the shape of 
the yield curve, which follows a complex process. 

In the simpler models, the implicit assumption is 
a perfect correlation of the different points of the 
yield curve, but the more advanced models also 
allow different movements of the short and long 
ends of the yield curve. Below are two fundamental 
examples of simpler models.

Bachelier (normal) model

The Frenchman Louis Bachelier was one of the 
firsts to develop an option pricing model in which 
he approached the stochastically descriptive 
process of exchange rate change with the 
arithmetic Brownian motion. The procedure he 
developed was sidelined due to the use of the 
Black model, which later became widespread 
and is based on geometric Brownian motion. 
Interestingly, however, it has recently come to 
the foreground again due to the model’s ability 
to handle negative exchange rates as well. As a 
result, the Chicago Mercantile Exchange (CME) 
and the Intercontinental Exchange (ICE), among 
others, has been using this model from April 2020 
to price certain options.

The basic assumption of the model is that forward 
interest rates can be described by an arithmetic 
Brownian motion, which at any given moment can be 
described as follows:

where Ft denotes the forward interest rate, Wt denotes 
the term expressing Brownian motion,    denotes the 
assumed volatility for pricing, and t is the time in the 
subscript.

Figure 1 shows the possible interest rate trajectories 
of the Bachelier model produced by Monte-Carlo 
simulation.

korrelációja, de a fejlettebb modellek lehetővé teszik a hozamgörbe rövid és hosszú végének eltérő 
mozgását is. A továbbiakban az egyszerűbb modellekre mutatunk kettő példát. 

Bachelier (normál) modell 
A francia Louis Bachelier az elsők között dolgozott ki opcióárazási modellt, amelyben az árfolyamok 
változásának sztochasztikusan leírható folyamatát az aritmetikai Brown-mozgással közelítette. Az 
általa kidolgozott eljárás a később széles körben elterjedt, geometriai Brown-mozgást alkalmazó Black 
modell használata miatt háttérbe szorult. Érdekes azonban, hogy a közelmúltban újra előtérbe került 
annak köszönhetően, hogy a modell képes a negatív árfolyamokat is kezelni. Ennek következtében 
többek között a Chicago Mercantile Exchange5 (CME) és az Intercontinental Exchange6 (ICE) 2020 
áprilisától ezt a modellt alkalmazza egyes opciók árazására. 

A modell alapfeltevése, hogy a forward kamatok aritmetikai Brown-mozgással írható le, amelyek 
alakulása minden pillanatban a következőképpen írható le: 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡 = 𝜎𝜎𝜎𝜎𝑁𝑁𝑁𝑁𝑑𝑑𝑑𝑑𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡 

, ahol 𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡 a forward kamat, 𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡 a standard Brown mozgást kifejező tag, 𝜎𝜎𝜎𝜎𝑁𝑁𝑁𝑁 az árazáshoz feltételezett 
volatilitás, és 𝑡𝑡𝑡𝑡 az alsó indexben jelöli az időt. 

Az 1. ábra a Bachelier modell Monte-Carlo szimulációval előállított lehetséges kamatpályáit mutatja 
be. 

 

 

1. ábra Bachelier-modellel számított 5 év múlva lehívható, 5 éves futamidejű swaption forward kamat pályái (volatilitás: 
88,64%, forward swap ráta: 1,42%) 

Black (lognormál) modell 
Az egyik legelterjedtebb modell az opciós ügyletek árazására a Black-Scholes modell, illetve ennek a 
kamatláb-derivatívák árazására vonatkozó megfelelője, a Black-modell. Ebben a Bachelier-modellhez 
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Figure 1: 5-year swaption forward interest rate trajectories based 
on the Bachelier model (volatility: 88.64%, forward swap rate: 
1.42%)
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Black (log-normal) model
One of the most common models for pricing options is 
the Black-Scholes model and its counterpart for pricing 
interest rate derivatives, the Black model. In this way, 
the development of the forward exchange rate can be 
expressed similarly to the Bachelier model, but in this 
case it can be described by geometric Brownian motion 
with   volatility:

where Ft denotes the forward interest rate, Wt denotes 
the term expressing standard Brownian motion, 
  denotes the volatility assumed for pricing, and t is 
the time in the subscript.

It is worth mentioning, that the counterparty risk 
standard capital requirements methodology (SA-CCR) 
also uses this (EU/2021/931), but with a level shift and 
pre-fixed volatility parameters.

Figure 2 shows the possible interest rate trajectories of 
the Black model generated by Monte-Carlo simulation.

hasonlóan fejezhető ki a forward árfolyam alakulása, azonban ebben az esetben geometriai Brown 
mozgással írható le 𝜎𝜎𝜎𝜎𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁 volatilitással: 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡 = 𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡𝜎𝜎𝜎𝜎𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁𝑑𝑑𝑑𝑑𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡 

, ahol 𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡 a forward kamat, 𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡 a standard Brown mozgást kifejező tag, 𝜎𝜎𝜎𝜎𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁 az árazáshoz feltételezett 
volatilitás, és 𝑡𝑡𝑡𝑡 az alsó indexben jelöli az időt. 

Érdekesség, hogy a partnerkockázati sztenderd tőkekövetelményi módszertan (SA-CCR) is ezt 
alkalmazza (EU/2021/9317), azonban szintbeli eltolással, és előre rögzített volatilitás paraméterekkel. 

A 2. ábra a Black modell Monte-Carlo szimulációval előállított lehetséges kamatpályáit mutatja be. 

 

2. ábra: A Black-modellel számított 5 év múlva lehívható, 5 éves futamidejű swaption forward kamat pályái (volatilitás: 
69,96%, forward swap ráta: 1,42%) 

Implicit volatilitási felületek 
Az egyes opcióárazási modellek alkalmazásakor a vizsgált termékek legtöbb paramétere ismert, 
azonban a volatilitás kivételt képez, ugyanis a jövőbeli volatilitás előre nem ismert. Továbbá a 
modellekben feltételezés, hogy a volatilitás időben állandó, és független a többi opciós paramétertől. 
A gyakorlatban ezek a feltételezések nem állják meg helyüket, ezért a piaci szereplők speciális 
volatilitás paraméterek használnak az értékeléskor, amelyeket vagy hasonló opciók áraiból számoltak 
vissza, vagy piaci volatilitás jegyzéseket alapulnak. Ezek nem torzítatlan előrejelzései a jövőbeli 
volatilitásnak, mivel a keresleti és kínálati dinamika, valamint a hozamok eloszlásának nemnormális 
jellege mind megjelenik az implicit volatilitás paraméterekben, amelyek ráadásul termék- és 
modellfüggők is, mint később látni fogjuk. 

A 3. ábra a cap és floor opciók esetén alkalmazott rögzített kamatszintek mellett mutatja meg, hogy 
az egyes lejáratokhoz milyen volatilitási érték tartozik. 
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Figure 2: 5-year forward swaption rate trajectories calculated 
with the Black model (volatility: 69.96%, forward swap rate: 
1.42%)
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Figure 4 and Figure 5 show the normal and lognormal volatility values for swaption transactions, which 
depend on both the maturity of the option and the swap. In addition, volatility is even affected by the 
moneyness nature of the option, the figures show the ATM (at-the-money) case.

 

3. ábra: Cap és Floor EUR opciók implicit normál volatilitása (forrás: Bloomberg) 

A 4. ábra és 5. ábra a swaption ügyletek esetében mutatják be a normál és lognormál volatilitási 
értékeket, amelyek az opció és a swap lejáratától és egyaránt függnek. Ezen felül a volatilitást még az 
opció moneyness jellege is befolyásolja, az ábrán az ATM (at-the-money) eset látható. 

 

4. ábra: Swap EUR opciók implicit normál volatilitása (forrás: Bloomberg) Figure 4: Implicit normal volatility of swap EUR options (source: Bloomberg)

Figure 3: Implicit normal volatility of Cap and Floor EUR options (source: Bloomberg)
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4. ábra: Swap EUR opciók implicit normál volatilitása (forrás: Bloomberg) 

Implied volatility surfaces
When using each option pricing model, most of the parameters of the tested products are known, however, 
volatility is an exception, as future volatility is not known in advance. Furthermore, the models assume 
that volatility is constant over time and is independent of other option parameters. In practice, these 
assumptions are not valid, so market participants use special volatility parameters in their valuation, which 
are either discounted from the prices of similar options or based on market volatility forecasts. These are not 
undistorted predictions of future volatility, as the non-normal nature of yield distributions as well as demand 
and supply dynamics are all reflected in the implied volatility parameters, which are product- and model-
dependent, as we shall see later.

Figure 3 shows the volatility of each maturity at the fixed interest rates used for the cap and floor 
options.
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Summary
As shown in the brief summary above, interest 
rate options have a number of forms and valuation 
approaches. In addition to the above, there are 
many other aspects that affect valuation and risk 
management, such as the role of credit spreads, 
the nature of margin settlements, exotic product 
features, or more advanced use of models, such as 
Hull-White (HW) or SABR (Stochastic, Alpha, Beta, 
Rho). In each case, it is a challenge to ensure that 
the parameters of the models and the focus of risk 
management are in line with market trading, liquidity 
and important trends. In addition to understanding 
the mathematical background, these aspects 
also necessitate the development of appropriate 
risk management, evaluation, accounting and 
technological processes.

 

5. ábra: Swap EUR opciók implicit lognormál volatilitása (forrás: Bloomberg) 

Összegzés 
Ahogyan a fenti rövid összefoglaló is bemutatta, a kamatláb-opcióknak számos formája és értékelési 
megközelítése van. A fentieken túl még rengeteg egyéb szempont van, amit befolyásolja az 
értékelést és kockázatkezelést, mint a hitelkockázati felárak szerepe, margin elszámolások jellege, 
egzotikus termékjellemzők, vagy fejlettebb, mint Hull-White (HW), SABR (Stochastic, Alpha, Beta, 
Rho) modellek használata. Minden esetben kihívás, hogy a modellek paraméterei és kockázatkezelés 
fókusza összhangban legyen a piaci kereskedéssel, likviditással, fontos trendekkel. Ezek a szempontok 
pedig a matematikai háttér megértése mellett szükségessé teszik a megfelelő kockázatkezelési, 
értékelési, számviteli, technológiai folyamatok kialakítását is. 

A hírlevél készítésében részt vettek: Benczik András és Soltész József. 

 

Kontakt: Rakó Ágnes, Szalai Péter, Soltész József, Wieder Gergő 

Figure 5: Implicit lognormal volatility of swap EUR options (source: Bloomberg)
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