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After the financial crisis of 2008 there has been an increasing interest in banking to 
create calculation models that can integrate the typical risks that banks face, like the 
interest rate risk, credit risk and liquidity risk. Especially the very detailed balance 
sheet models have got more popularity during the recent years. In this thesis we 
present a robust stochastic simulation framework that can forecast the net interest 
income and balance sheet development for a bank. The simulation framework 
focuses on very detailed net interest income calculations by employing thousands 
of different balance sheet scenarios in the simulations. The detailed net interest 
income calculations include the effects of changing market rates, repricing, the 
effects of negative interest rates, loan amortizations and prepayments, changes in 
banks spread levels and the generation of newly issued loans/deposits. 

The data for testing the simulation framework have been gathered from a Finnish 
commercial bank’s quarterly interim report and from the statistical database of the 
Bank of Finland. The testing was done by using 7 different scenarios. The results of 
this study implicated that the model can simulate thousands of detailed net interest 
income and balance sheet estimates with reasonable computational times. The 
results also showed that the repricing characteristics in different interest rate 
environments and interest rate floors have an effect to net interest income 
estimates. Stochastic simulated balance sheets and spreads have a significant 
effect especially to the most extreme simulation estimates. With the parameters 
used in this study, a change in the market rates has a higher effect to the net interest 
income estimates than the stochastic balance and spread scenarios do. Negative 
interest rate shocks have a higher effect on the confidence intervals than the positive 
shocks, while the positive interest rate shocks have a higher effect on the average 
estimates, when comparing the shocked scenarios against the market rate scenario. 
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Vuoden 2008 finanssikriisin jälkeen pankeissa on ollut kasvava tarve kehittää 
kokonaisvaltaisia laskentamalleja, jotka pystyvät yhdistelemään keskeisimpiä 
riskejä, kuten korkoriskiä, luottoriskiä ja likviditeettiriskiä. Erityisesti tarkat pankkien 
tasetta ja tulosta simuloivat mallit ovat yleistyneet. Tässä työssä esitellään 
stokastinen simulaatiomalli, joka pystyy ennustamaan pankin korkokatetta ja taseen 
kehitystä tulevaisuudessa. Esiteltävä malli keskittyy erityisesti tarkasti 
mallinnettuihin korkokate ennusteisiin tuhansissa erilaisissa tulevaisuuden 
taseskenaarioissa. Korkokatelaskennassa malli huomioi muun muassa 
markkinakorkojen muutokset, tase-erien uudelleenhinnoittautumisen, negatiivisen 
korkotason, lainojen lyhennykset ja takaisinmaksut, muutokset pankkien 
marginaalitasoissa sekä laina- ja talletuskannan uusmyynnin.  

Simulaatiomallin validointia ja testaamista varten hankittu data on kerätty 
suomalaisen liikepankin kvartaaliraportista ja Suomen Pankin julkaisemista 
tilastoista. Mallin validointi ja testaus suoritettiin seitsemän erilaisen skenaarion 
avulla ja työn tulokset osoittavat, että esitelty malli pystyy simuloimaan tuhansia 
taseskenaarioita ja tarkasti laskettuja korkokate-ennusteita kohtuullisilla laskenta-
ajoilla. Tulokset osoittavat myös, että tase-erien uudelleenhinnoittelu eri 
korkokäyrillä ja korkoshokeissa sekä mallinnetut korkolattiat vaikuttavat loogisesti 
korkokate-ennusteisiin. Stokastisesti simuloidut tase erät ja marginaalit vaikuttavat 
merkittävästi korkokate-ennusteisiin erityisesti ylimpien ja alimpien ennusteiden 
osalta. Käytetyillä parametreilla korkoshokit vaikuttavat enemmän korkokate 
ennusteisiin, kun stokastiset tase- ja marginaali skenaariot. Negatiiviset korkoshokit 
vaikuttavat enemmän korkokate-ennusteiden luottamusväleihin, kun taas 
positiiviset korkoshokit keskiarvoennusteisiin, kun niitä verrataan markkinakoroilla 
laskettuihin ennusteisiin. 
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1 INTRODUCTION 
 

1.1 Motivation and theoretical background 
 

There has been an increasing amount of attention in the literature towards balance 
sheet simulation models in banking. After the financial crisis of 2008 there has been 
growing interest to create detailed balance sheet simulation models, which can 
integrate the different risks of the banks to the model (see e.g. Drehmann, Sorensen 
and Stringa, 2010; Montesi and Papiro, 2018; Grundke and Kühn, 2019). One of the 
biggest risks related to the banks’ balance sheet management is interest rate risk 
which can have major effect on the banks’ profits. The Basel Committee on Banking 
Supervision defines the Interest rate risk in the following way:  

“Interest rate risk in banking book refers to the current or prospective 
risk to the bank’s banking book positions. When interest rates change, 
the present value and timing of future cashflows change. This in turn 
changes the underlying value of a bank’s assets, liabilities and off-
balance sheet items and hence its economic value. Changes in interest 
rates also affect a bank’s earnings by altering interest rate-sensitive 
income and expenses, affecting its net interest income (NII). Excessive 
IRRBB can pose a significant threat to the bank’s current capital base 
and/or future earnings if not managed properly.”  (Basel Committee on 
Banking Supervision, 2015) 

In this thesis we present a framework to study the critical issue of banks’ balance 
sheet forecasting and the development of net interest income (NII). The framework 
we present includes a very detailed reproduction of the banks’ balance sheet and 
calculations of future net interest income. We use simulation approach and the 
model is loosely based on the interest rate risk in banking book (IRRBB) guidelines 
and the current literature (e.g. see Alessandri and Drehmann, 2010; Aikman et al., 
2011; Abdymomunov and Gerlach, 2014; Basel Committee on Banking Supervision, 
2015; Grundke and Kühn, 2019). The income calculations comprise the complex 
repricing characteristics of assets and liabilities, amortizations, stochastic 
spreads(margins), effects of negative interest rates and income by using different 
yield curves and the effects of credit risk. Our approach is close to that off Alessandri 
and Drehmann (2010), whose focus was on integrated credit and interest rate risk 
analyses, while our focus is in very detailed monthly cashflow calculations and 
stochastic balance sheet scenarios. 

This thesis contributes to the gap in the literature of being able to forecast thousands 
of different stochastic balance sheet scenarios with very detailed cashflows 
estimates. This is also the first balance sheet simulation framework in the current 
literature, that is constructed specifically for the Finnish (Scandinavian) banking 
industry. The specialty in the commercial banking in Finland is that most of the 
household loans are variable rate loans, which causes a lot of interesting effects to 
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the modelling of net interest income especially in a negative interest rate 
environment.  

 

1.2 The framework, objectives and limitations 
 

The main goal for this thesis is to use simulation methods to forecast banks’ balance 
sheet development and net interest income. Especially we are interested if there is 
any significant benefit in using stochastic balance sheet scenarios for the base of 
the net interest income calculation. Another goal is to generate a practical and an 
easy-to-use tool for the needs of bank managers and analysts. Our aim is to 
generate a model which can be easily expanded to test the more sophisticated risk 
models and theories. 

The biggest challenge to achieve these goals is the complexity of the income 
generation. The cashflow model should be able to generate thousands of different 
balance sheet and income scenarios while keeping the computation time 
reasonable for practical use. To achieve this, we need to simplify the very complex 
dynamics related to the matter. The target is that the accuracy of income generation 
is as detailed as possible: close to the position level calculations, which take a lot of 
time to calculate. The other limitation of the position level modelling is that we need 
to know every single detail of each singular position in the balance sheet. For 
example, in the case of household mortgages we need to know the exact repricing 
date, proper yield curve, spread, maturity date, amortizations and so on. We 
aggregate these characteristics to keep the calculation times reasonable while still 
managing to get reasonable results. 

This thesis contributes to the several fields of banking literature, but mostly to the 
field of balance sheet modelling and interest rate risk of banks. In addition, this study 
is closely related to the literature of asset and liability management, credit risk and 
liquidity risk. In particular, we are interested in simulation studies on the above-
mentioned fields. The research related to interest rate risk, asset and liability 
management, credit risk and liquidity risk is vast. On the other hand, the literature 
regarding detailed bank balance sheet income forecasting is missing. Therefore, we 
can see a clear research gap to study. 

In the current literature, the interest rate risk and interest income models usually use 
only one or a couple of different balance sheet scenarios, which are shocked with 
different yield curve scenarios (see e.g. Abdymomunov and Gerlach, 2014). 
Nevertheless, future development of the balance sheet and income always contains 
a lot of uncertainty. In this thesis we will follow Montesi and Papiro (2018), in the 
respect that we will rely on the generation of thousands of different balance sheet 
scenarios, and shock each of them with hundreds of yield curve shocks. As a 
drawback for the detailed calculations and lots of stochastic scenarios the 
computation times can increase a little. Our framework is presented in figure 1 and 
we will present it in more detail in chapter 5. 
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Figure 1. Simulation framework used in this thesis 

The limitations of this study are as follows. We concentrate purely on the correct 
cashflow calculations in different balance sheet and yield curve scenarios. 
Therefore, we are not concentrating to the consistency of the united effects of the 
yield curve, balance sheet and spread scenarios. Secondly, we are only focusing 
on the correct interest rate income calculation. We are not calculating operational 
costs, taxes or commission income. We do not use any dividend policies and we 
are not interested where to invest the possible net interest income. Also, the off-
balance sheet items like swaps are out of the scope of our study.  

Thirdly our yield curve generation and credit risk calculations are only made for the 
testing of net interest income calculations. The Geometric Brownian Motion model 
applied is not related to any widely used or realistic approach. Fourthly, at most 
parts, we are following the standards of IRRBB modelling from the Basel committee 
of banking supervision, the guidelines from European Banking Authority (EBA) and 
the related scientific literature. Nevertheless, these do not cover all the problems we 
need to take into consideration. Therefore, to be able to achieve our goals for this 
study, some of our methods and assumptions are based on our intuition and 
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common logic rather than any industry standard approach or earlier scientific 
literature. Lastly, it is necessary to highlight that most of these limitations are 
possible to overcome in future research. 

 

1.3 Structure of the study 
 

The structure of this study goes as follows. The second chapter will provide the 
theoretical background for our study and disclose the IRRBB-guidelines. We are 
also presenting some key risk factors, which are closely related to this thesis. The 
third chapter will give a brief introduction to the Monte Carlo simulation, which is 
used for the simulations of balance sheet and net interest income scenarios. We will 
also provide a brief introduction to the Geometric Brownian motion, which is used 
for the yield curve generation.   

The fourth chapter will be the literature review. In the first part of the chapter we will 
provide general understanding of the broad literature related to the scope of this 
study. The second part will concentrate on a couple of studies, which are closely 
related to balance sheet simulation and the cashflow calculation.  Some of the basic 
assumptions that are generally used in the field will be introduced here. Lastly, we 
present our contributions to the existing literature. In the fifth chapter we present our 
framework in detail. We provide basic assumptions that we are going to use in this 
study. We will start by introducing the construction of the initial balance sheet and 
the parameter setup. Then we introduce our forecasting simulations of the balance 
sheet and spreads. Lastly, we introduce the process for interest rate income 
generation. The aforementioned part will introduce how we are handling the 
complex repricing of assets and liabilities.  

The Sixth chapter introduces the numerical simulations and validation of our model. 
We will use public data from the quarterly report of a publicly listed bank in Finland. 
The allocations for asset and liabilities are gathered from the quarterly report or from 
the statistical database from Bank of Finland. We are presenting the results from 
couple of different scenarios, which highlight the benefits of our method. 

In the final chapter we will present the conclusions of our study and the possible 
future implications for our framework. 

 

1.4 List of abstracts 
 

Since the area of banking is full of abstracts that are hard to understand, we will 
provide a short description for the most important abstracts that we are going to use. 

Term structure of interest rates: The relationship between interest rates or bond 
yields with different maturities. 
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Yield curve: The yield curve presents interest rates over different contract lengths. 

Banking book: The banking book positions means that the positions in a balance 
sheet are assumed to be held at maturity and not traded short. That allows the book 
value calculations.  

Trading book: Trading book items must be valued at market price, i.e. changes in 
interest rates will affect to the present values of the trading book assets.   

Off-Balance sheet items: Assets or liabilities that bank hold that do not occur in 
banks’ balance sheet.  

Basel I, II and III: “The Basel Accords are three series of banking regulations set 
by the Basel Committee on Bank Supervision. The committee provides 
recommendations on banking regulations, specifically, concerning capital risk, 
market risk, and operational risk. The accords ensure that financial institutions have 
enough capital on account to absorb unexpected losses”. (Chen, 2019) In Finland, 
the banks regulation follows the Basel guidelines. 

Repricing of an asset: In this thesis, the repricing of an asset means that the 
interest rate of a variable rate item follows certain indices like Euribor. For example, 
the 3-month variable rate mortgage loan gets a new interest rate from the underlying 
interest rate indices after every three months.  

Amortization: The principal payback that the borrower must pay during the life of a 
loan. For example, mortgage loans usually consist monthly payments to banks. A 
portion of the payment is the interest of the loan and the rest is the principal pay 
back (amortization) of the loan. 

Spread: In this thesis spread means the margin that the borrower must pay to get 
the loan. Typically, the variable rate loans in Finland have a variable part like the 
Euribor rate plus the spread. The spreads are typically negotiable, and customers 
can bid the spreads amongst different banks. 

 

 

 

2 SIMULATION OF BANKS’ BALANCE SHEET AND NET 
INTEREST INCOME 

 

This chapter provides all the necessary methodology behind our framework, i.e. the 
basics of balance sheet simulation and net interest income by using the banking 
book method. The methodology follows the IRRBB guidelines from Basel committee 
and European Banking Authority (EBA) (Basel Committee on Banking Supervision, 
2015; European Banking Authority, 2015). The guidelines introduce the general 
standards and the methods used in the banking industry. The scope of this study 
lies in the balance sheet forecasting and income modelling, not in the interest rate 
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risk. The IRRBB guidelines still provides good foundation for our model. In the last 
part of the chapter we will also discuss the other typical risks related to the field.  

 

2.1 Commercial banking and typical balance sheet structure 
 

The Commercial bank is a financial institution that accept deposits, offers checking 
account services and basic financial products, such as savings deposits, mortgage 
loans and credit cards. (Kagan, 2019) The typical business of a commercial bank 
can be called asset transformation. The asset transformation means the process 
where bank collects deposits (asset for depositor and liability for bank) from 
customers and uses this for the funding of a loan of another customer (asset for 
bank and liability for the customer). The other definition for commercial banking is 
to describe it as a maturity transformation process, meaning banks borrows short 
and lends long (Mishkin and Eakins, 2011).  This process is shown in the figure 2. 

 

 
Figure 2. Term transformation of bank 

The biggest revenue factor of a commercial bank is called net interest income (NII). 
NII is the difference of what the bank pays for the depositors of their deposits held 
in the bank, and the income, which it receives from the loans from the borrowers. 
The NII is simply calculated by interests form assets (e.g. loans) minus the interest 
expenses from liabilities (e.g. deposits). (Mishkin and Eakins, 2011) In the real world 
the calculation of NII is a more complex process. For example, typically the loans 
and deposits have different characteristics, which can change through time, i.e. 
repricing of loans, amortizations etc. In Finland for example, most of the mortgage 
loans are variable rate loans (Bank of Finland, 2017).  That means that the 
parameters for NII calculations will vary over the maturity of the loans.  
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Commercial banks’ typical balance sheet structure is shown in the figure 3.  The 
assets side holds all the income earning assets, i.e. mortgage loans to the 
consumers or loans to the private sector entities. Cash includes all the cash or items 
that are immediately changeable to cash. Cash equivalents are securities which are 
highly liquid and only with short maturities (Tuovila, 2020). Loans to credit 
institutions are loans to other credit institutions (Banks etc.) or reserves hold in 
central bank (Mishkin and Eakins, 2011). Loans to public and public sector entities 
include the loans that the bank holds in its banking book, for example mortgage 
loans and corporate loans. Investment assets consist all the investments that the 
bank has for a longer period. In the banking book approach, investments in balance 
sheet are assumed to be hold on to their maturity. This allows one to make book 
value calculations instead of market value calculations. Other assets in the figure 
are not handled in our model, thus we do not calculate any income from them.  

The liabilities side of the balance sheet includes the banks “loans”. The deposits for 
other institutions are accounts that other banks have in your bank. The liabilities to 
the public and the public sector entities holds all the deposits in the checking and 
savings accounts. The term deposits are also included in that class. The retail 
deposits are usually determined as core-funding of the commercial banks (e.g. see 
Hahm, Shin and Shin, 2012; Birge and Júdice, 2013). The debt securities issued to 
the public consists all the funding that the banks have gathered from the markets, 
for example by issuing bonds. Typical bonds that commercial banks use is for 
example the covered bonds, which are bonds collateralized against a pool of assets. 
Subordinated liabilities include liabilities which are paid after the more senior debts 
like debentures. The funding gathered by issuing debt instruments are referred as 
a non-core funding (e.g. see Hahm, Shin and Shin, 2012; Birge and Júdice, 2013). 
Non-core liabilities are sometimes used as a funding source in simulation studies, 
since the core deposits are much harder to control, because peoples can draw their 
money back whenever they want. (e.g. see Birge and Júdice, 2013, 2014) The rest 
of the liabilities side comprises the bank’s capital (what bank owes to the 
shareholders). 
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Figure 3. The typical balance sheet of a commercial bank 

 

2.2 Interest Rate Risk in Banking Book (IRRBB) 
 

Interest Rate Risk in Banking Book is one part of the Basel capital framework’s Pillar 
2 (Supervisory Review Process) requirements. The target of the second pillar of the 
Basel framework is to ensure that banks have enough capital to survive if all the 
risks realize. The aim is to encourage banks to have better risk management 
practices. Pillar 2 sets the limits for capital targets according to bank’s risk profile 
and working environment. (Basel Committee on Banking Supervision, 2001a) The 
IRRBB arises from the risk which is related to the adverse movements in interest 
rates that affects the banks’ banking book positions. The changing interest rates will 
affect bank’s net interest income, because it changes the rate-sensitive income and 
expenses (Basel Committee on Banking Supervision, 2015). The change in interest 
rate may rise the expenses of the floating liabilities when the assets still must pay 
the fixed income. For example, when the bank receives a fixed mortgage payment, 
but the bonds which were used for the funding of the loans pay a floating rate.  This 
increases the expenses if the interest rates are rising. 

The Basel Committee introduces three main sub risks related to the IRRBB: 

1. Gap risk, 
2. Basis risk, 
3. Option risk. 
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The gap risk comes from the term “structure of interest rates.” The Term structure 
of interest rates means the difference between the short- and long-term interest 
rates (see figure 2). The Basis risk comes from the movements of the different yield 
curves and indices that are not moving in the same direction. The option risk is 
related to embedded options like prepayments. (Basel Committee on Banking 
Supervision, 2015) For example, the basis risk realizes if the interest rates fall, and 
the customers may pay off their loans with higher interest rates and get a new loan 
with a lower interest rate. In addition, the Basel standards introduce the credit 
spread risk in the banking book (CSRBB) (Basel Committee on Banking 
Supervision, 2015). It refers to any other kind of risk of the credit risky instruments 
which are not explained by the IRRBB.  

Our framework can be used to reveal all of the three risks. The gap and basis risk 
are handled by detailed repricing possibilities for the assets and liabilities. The 
option risk can be measured by using interest rate floors. The option risk is typically 
divided to automatic option risk and behavioral option risk (Basel Committee on 
Banking Supervision, 2015). Good example for option risk is the interest rate floors. 
Interest rate floors are one kind of an option that protects the banks’ income. For 
example, if a variable rate mortgage loan is floored to zero it protects the bank by 
not allowing the loan to have negative rates. Typical mortgage loans in Finland have 
floors for spreads. This means that the customer must pay at least the whole spread 
if interest rates are negative. The prepayments are typical behavioral option risks. 

There are two common measurement methods for the interest rate risk: (1) the 
income simulation and earnings-based measure or (2) the net economic value 
calculation. The earnings-based measures focus on the detailed cashflow 
calculations and banks future profitability in specific interest rate shocks or stress 
scenarios. The economic value methods compute the net present value changes of 
banks assets, liabilities and off-balance sheet items. (Basel Committee on Banking 
Supervision, 2016) Both approaches are widely used in the literature, but earnings-
based methods are more common in practical use (see e.g. Alessandri and 
Drehmann, 2010; Abdymomunov and Gerlach, 2014; Basel Committee on Banking 
Supervision, 2015)   

The economic value methods are good for measuring the long-term interest rate 
risk, since in such methods all the future cashflows from assets and liabilities are 
discounted. Economic value shows the future earnings potential of the bank’s initial 
balance sheet with the given yield curve. When the yield curve is shocked, it 
changes the whole future potential of the balance sheet. Since banks have lots of 
higher maturity assets, economic value calculations provide the estimates for the 
whole term structure of balance sheet. The earnings-based methods are typically 
used for shorter time horizon. This is logical since it is unreliable to forecast precise 
income calculations for longer time period. It is also common to use earnings-based 
methods and economic value measures together to get strong evidence of the long- 
and short-term fragilities. In this thesis we rely on earnings-based methods. 
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The EBA gives certain requirements and policies that IRRBB models should at least 
cover.  Table 1 introduces the most relevant EBA requirements regarding this study. 
Some of the policies and methods are not included on this thesis but are defined to 
get a better understanding regarding the methods used in the study. In this thesis 
we use a dynamic balance sheet structure and the focus will be in the new business 
generation, which means generating new loans with stochastic characteristics. 

 

Table 1. Definitions for IRRBB guidelines (European Banking Authority, 2015). 

 
 

Model mechanics 

In chapter 2.1, some of the fundamentals of NII, commercial banks’ balance sheet, 
IRRBB approach and interest rate risk were introduced. In table 2 below one 
simplified example is provided, which demonstrates how the balance sheet and net 
interest income modelling is done by using banking book calculations and earnings-
based measures.  

In the simplest possible example, a banks’ balance sheet includes one asset and 
one liability class. The asset class is a mortgage loan, which is a variable rate loan 
(Euribor), e.g. the rate changes every time step. The bank is funding its loans by 
core funding (deposits). The initial balance sheet in 𝑡0 is shown in table 2. 
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Table 2. Example balance sheet in 𝑡 = 0 

 

As shown in the Table 2, in time 𝑡 = 0 bank has two loans with the same 
characteristics. For demonstrative purposes these loans are not united into one 
class, i.e. MortgageLoans: 2000 €. The bank has funded these loans with deposits. 
At the end of the period, the balance sheet should match (𝑡𝑜𝑡𝑎𝑙	𝑎𝑠𝑠𝑒𝑡𝑠	 =
	𝑡𝑜𝑡𝑎𝑙	𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠), which it does. Before moving to 𝑡 + 1 the interests and 
amortizations (100€ for each loan) are paid. The interest from the loans are 
calculated: 

 

The total interest expense is calculated by using the same formula. As we can see 
the total net interest income (NII) in 𝑡 = 0 is 30€ and it is calculated by: 

 

In 𝑡1 one new loan is sold and since the markets are highly competitive, the bank 
had to give the loan with a smaller spread. The Euribor rate also changed from 1 
percent to 0,5 percent and the floating rate loans repriced with the new Euribor rate. 
The loans are funded with new deposits from the customers (1000 €) and the cash 
that bank received from amortizations (200 €). The profit from the previous period 
was paid to the shareholders as dividends. The new situation in 𝑡 = 2 is shown in 
table 3. 

Table 3. Example balance sheet in 𝑡 = 1 

 
As table 3 shows, the total assets and liabilities are currently 3000 €. The Balance 
sheet matches. Since the floating rates and spreads were not favorable for the bank, 
it got smaller NII (24€) with a larger balance sheet. A larger balance sheet means 
bigger risk exposure i.e. more loans to default. This example describes the 
simplified, but typical interest rate risk and NII calculation by using banking book 

𝐼𝐼 = 𝑇𝑜𝑡𝑎𝑙	𝑎𝑠𝑠𝑒𝑡𝑠 ∗ (𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑	𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝐸𝑢𝑟𝑖𝑏𝑜𝑟 + 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑	𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑠𝑝𝑟𝑒𝑎𝑑). (1) 

𝑁𝐼𝐼 = 𝑇𝑜𝑡𝑎𝑙	𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑖𝑛𝑐𝑜𝑚𝑒 − 𝑇𝑜𝑡𝑎𝑙	𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑒𝑥𝑝𝑒𝑐𝑒 (2) 
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approach. Since the deposits were fixed the decline of interest rates affected the 
bank’s profits (see. basis risk). 

 

2.3 Other typical risks related to commercial banking 
 

The interest rate risk is one of the risks that can have a major impact on the bank’s 
profitability. The other common risks related to banking are credit risk, liquidity risk, 
operational risk and market risk. In this chapter, the credit and liquidity risks are 
shortly discussed. 

Credit risk 

Credit risk arises when the borrower(s) defaults their loan(s). Credit risk is related 
to adverse selection and moral hazard. The adverse selection in the context of credit 
risk means that the borrowers who are the most eager to apply for loans are usually 
also the riskiest ones. For example, the borrowers who have very risky investment 
projects with significant potential to profit are also the riskiest ones for banks, 
meaning that these borrowers have the highest possibility to default their loans. The 
moral hazard in credit risk context means that after the borrowers get the loan, they 
have a higher temptation to invest in more risky projects, if they see the possibility 
for higher profits.  This increases the risk that the borrower does not pay the loan 
back. (Mishkin and Eakins, 2011) 

The Basel Committee has introduced the framework for credit risk. Under the Basel 
framework there are two standard methods to measure the credit risk: (1) the 
standardized approach and (2) the internal ratings-based (IRB) approach. Both 
methods are based on the calculation of the risk weighted assets. (Basel Committee 
on Banking Supervision, 2001b, 2005) In the standard approach, the value of risky 
assets is calculated by multiplying the asset by its risk-weight. The risk-weights are 
calculated by dividing each risky asset’s class to corresponding risk class. (Basel 
Committee on Banking Supervision, 2001b) For example, a fully secured mortgage 
loan has the risk weight at 50% (the used rates can be found in the Basel 
guidelines). The ratings for the standardized approach are gathered from the 
external credit rating providers. The risk weighted assets are multiplied by capital 
adequacy requirement ratio, which gives the amount of capital that the bank must 
reserve for the needs of credit losses. 

The other approach is the IRB approach which allows the bank to use their own 
calculated risk parameters instead of credit providers ratings.  Said parameters are 
used to calculate the required amount of capital to reserve against credit risk losses. 
The calculated risk parameters are: 

1. Probability of default (PD), 
2. Loss given default (LGD), 
3. Exposure at default (EAD), 
4. Maturity (M) 
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The PD estimates are calculated by the bank’s internal model, which must be based 
on a long-run historical and empirical evidence related to the borrower’s 
characteristics. The LGD is measured by calculating the share of an asset which is 
lost if the borrower defaults. The LGD will also calculate the collaterals, i.e. in a case 
of default the bank may not lose all its money since the bank can sell the collaterals. 
EAD is the predicted amount that the bank loses if the borrower defaults. In the 
Basel guidelines, maturity is defined as “explicit risk component and the bank  
should provide the effective contractual maturities of their exposures.” (Basel 
Committee on Banking Supervision, 2005) 

Liquidity risk 

The liquidity risk is also noted in the Basel guidelines. The liquidity risk arises when 
the bank is not able to handle their short-term demands. There are two types of 
liquidity risk:(1) the funding liquidity risk and (2) the market liquidity risk. The first 
one is related to the bank’s liabilities, i.e. paying the money back for their depositors. 
The market liquidity risk arises from illiquid assets. For example, if cash is needed 
on a short notice, how easily and at what price the bank can sell the asset. The 
Basel committee introduces two measures for liquidity risk that banks’ must follow: 
Liquidity coverage ratio (LCR) and net stable funding ratio (NSFR) (Basel 
Committee on Banking Supervision, 2013, 2014). 

The LCR aims to ensure that the bank can survive its demands for the next 30 
calendar days under a high stressed scenario (market liquidity risk). The banks 
should have a certain ratio of HQLA-assets (high-quality liquid assets) in their 
balance sheet.  The LCR is calculated as follows in Equation 1: 

 

 

NSFR is concentrated to the funding of the liquidity risk, for example to a longer time 
horizon. The aim is to ensure that the future funding of the bank is stable. The time 
horizon for NSFR is one year and the bank must have the required amount of stable 
funding to fulfill the funding requirements. Calculating the NSFR ratio is shown 
below: 

 

The definitions for the available stable funding and required stable funding are 
explained in more detail in the Basel guidelines. (Basel Committee on Banking 
Supervision, 2014) 

 

𝐿𝐶𝑅 = 	
𝐻𝑄𝐿𝐴

𝑇𝑜𝑡𝑎𝑙	𝑛𝑒𝑡	𝑐𝑎𝑠ℎ	𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠	𝑜𝑣𝑒𝑟	𝑡ℎ𝑒	𝑛𝑒𝑥𝑡	30	𝑑𝑎𝑦𝑠 (3) 

𝑁𝑆𝐹𝑅 = 	
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒	𝑠𝑡𝑎𝑏𝑙𝑒	𝑓𝑢𝑛𝑑𝑖𝑛𝑔
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑	𝑠𝑡𝑎𝑏𝑙𝑒	𝑓𝑢𝑛𝑑𝑖𝑛𝑔  (4) 
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3 METHODOLOGY  
 

3.1 Monte Carlo simulation 
 

The Monte Carlo simulation methods are widely used in the banking simulations 
(see e.g. Dimakos and Aas, 2004; Alessandri and Drehmann, 2010; Montesi and 
Papiro, 2018). In this thesis, we use Monte Carlo simulations to forecast the future 
balance sheet and spread development. Our simulations are kept simple because 
we plan to provide tool that is easy to use and understand for the decision makers 
and analyst. Our Monte Carlo simulations are based on the pre-defined limits, which 
sets boundaries to the stochastic process. Within these limits the stochastic process 
is not bounded, and we use uniform distribution to derive the stochastic estimates. 
The formula we use for growth rate simulation 𝑔𝑟𝐴!" and for the asset side item is: 

 

where 𝑟𝑎𝑛𝑑(𝑞) comes from the uniform distribution, 𝑡 is time and 𝑈𝑝𝑝𝑒𝑟𝐿𝑖𝑚𝑖𝑡# and 
𝐿𝑜𝑤𝑒𝑟𝐿𝑖𝑚𝑖𝑡# are the limits that are predefined by user (see. appendix 4). We provide 
three possibilities to give new limits for the limitations 𝑡 = 0, 𝑡 = 12 and 𝑡 = 24. The 
liability side items 𝑔𝑟𝐿!" follows the same formula. The stochastic spreads similarly 
follow the same formula and are calculated by:  

 

where 𝑆𝑃$%&(() is the simulated stochastic spread and 𝑇𝐵𝐴(𝑝) is the time bucket for 
the newly generated items. The spreads and time buckets are explained in more 
detail in chapter 5. Figure 4 below describes the Monte Carlo simulations process 
used to forecast the balance sheet growth. The spreads are simulated in a similar 
way.   

 

𝑔𝑟𝐴!" = (𝑈𝑝𝑝𝑒𝑟𝐿𝑖𝑚𝑖𝑡! − 𝐿𝑜𝑤𝑒𝑟𝐿𝑖𝑚𝑖𝑡!) ∗ 𝑟𝑎𝑛𝑑(𝑞) + 𝐿𝑜𝑤𝑒𝑟𝐿𝑖𝑚𝑖𝑡!	,	 (5) 

𝑆𝑃$%&(() = (𝑈𝑝𝑝𝑒𝑟𝐿𝑖𝑚𝑖𝑡! − 𝐿𝑜𝑤𝑒𝑟𝐿𝑖𝑚𝑖𝑡!) ∗ 𝑟𝑎𝑛𝑑(𝑞) + 𝐿𝑜𝑤𝑒𝑟𝐿𝑖𝑚𝑖𝑡! ,	 (6) 
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Figure 4. Monte Carlo simulations for forecasting balance sheet growth. 

 

3.2 Geometric Brownian motion 
 

In this thesis we use Geometric Brownian Motion (GBM) model to forecast the 
movements of market interest rates in the future. GBM-models  are directly derived 
from the Constant Elasticity of Variance (CEV) model (MathWorks, 2020a). With 
GBM-models we can forecast forward rate estimates. The underlying assumptions 
behind the GBM follows the rules from the Market Efficiency Hypothesis. The Market 
Efficiency Hypothesis indicate that the current price of the stock is based on all 
available information and past prices do not have impact for future price of the stock. 

The Matlab 2019 provides built-in function for GBM-model. The GBM is calculated 
by: 

 

where: 

• 𝑥* is an NVARS-by-1 state vector of process variables,  
• 𝜇 is an NVARS-by-NVARS generalized expected instantaneous rate of 

return matrix, 
• 𝐷 is an NVARS-by-NVARS diagonal matrix, where each element along the 

main diagonal is the corresponding element of the state vector 𝑥*, 
• 𝑉 is an NVARS-by-NBROWNS instantaneous volatility rate matrix, 
• 𝑑𝑊! is an NBROWNS-by-1 Brownian motion vector.  (MathWorks, 2020b) 

Matlab provides two different functions for the GBM-simulation, simByEuler and 
simBySolution. The simByEuler is a simulation that uses stochastic differential 
equations (SDEs). In this thesis, we are using the simBySolution, which simulates 

𝑑𝑋 = 𝜇(𝑡)𝑋*𝑑𝑡 + 𝐷(𝑡, 𝑋!)𝑉(𝑡)𝑑𝑊! , (7) 
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the approximate solution of diagonal-drift GBM-processes. It applies the Euler 
approach to a transformed process, which is not the exact solution to this GBM 
model. This happens because the probability distributions of the simulated and true 
state vectors are identical only for piecewise constant parameters. (MathWorks, 
2020b) 

We use 𝜇 = 0,00 and 𝑉 = 0,009 as the input parameters for the simulations, and we 
simulate the monthly forecast for the next 59 months (the first moth is using current 
rate levels).  The parameters used are not following any historical volatility or rate 
of returns, but the results of the simulations are still enough for the testing purposes 
of our framework. Figure 5 below shows 20 simulated interest rate paths simulated 
by using the GBM-model and our parameters.  

 
Figure 5. Simulated forward rates by using GBM-model 
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4 LITERATURE REVIEW  
 

4.1 Literature related to typical risks of banking  
 

Interest rate modelling 

The interest rate modelling has been one of the most studied areas in finance. 
Interest rate and yield curve modelling provide the foundation for examining the 
typical risk that banks face. The famous model of Vašíček (1977) is a short term one 
factor model, which describes interest rate movements by using market risk, time 
and equilibrium value. The Vašíčeks study is based on the term structure of interest 
rates. The interest rate movements are modelled by using mean reverting stochastic 
process. This is one of the most significant discoveries in the research. It means 
that interest rates cannot rise indefinitely, since it slows down the economy, which 
makes the interest rate to fall. There are also similar models, such as Cox, Ingersoll 
and Randelman model (CIR-model), which is an extension of the Vašíček model.  
For other related articles (see e.g. Rendleman and Bartter, 1980; Cox, Ingersoll and 
Ross, 1985; Hull and White, 1990). 

Today there is more advanced statistical long-term and short-term models to 
generate interest rate movements and yield curves. For example, Birge and Júdice 
(2013) made a model, which uses vector autoregressive model to generate rate 
movements in the long run. They also added a momentum vector to their model to 
simulate the effects of economic distresses to the rates.  

Banks’ balance sheet modeling and typical risks 

Interest rate risk (IRR) 

Recently the interest rate risk has grown its popularity in the literature. There are 
two typical methods to examine interest rate risk and interest rate sensitivity. The 
first method is to use the market values of banks to evaluate how the changing 
interest rates will  affect the market values (e.g. see Kwan, 1991; Faff, Hodgson and 
Kremmer, 2005). The second method to examine interest rate risk is based to the 
balance sheet modelling of the banks, which has become the standard approach in 
the recent years. The benefits of using a balance sheet model are that they expose 
the dynamics behind the interest rate risk. Correspondingly, we are using the 
balance sheet model to expose the interest rate risk.  

Abdymomunov and Gerlach (2014) used a balance sheet model to evaluate the 
interest rate risk. They used a stress testing approach, which is a variant of the 
parametric yield curve model developed by Nelson and Siegel (1987). The latter is 
still widely used for generating yield curves. For example, the Bank of Finland is 
using their model as a base for deriving the yield curve (Kortela and Nelimarkka, 
2020). Abdymomunov and Gerlach (2014) used various economic shocks to derive 
the IRR and seek those scenarios, where the balance sheet is the most vulnerable. 
They modeled the shocks by using factors according to  Diebolds, Rudebuschs and 
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Boraǧan Aruobas (2006). Abdymomunov and Gerlach (2014) compared their model 
with six different methods, such as the historical simulations method and the 
principal component analysis method. The balance sheet they used comprises 
different asset and liability classes based on their maturity class. The results 
implicated that their model can produce a wide variety of interest rate curves by 
using only a small number of scenarios. The tests implicated that their model 
provides more insight on the interest rate risk than the other models surveyed in the 
study.  

European markets have seen the era of negative interest rates after the financial 
crisis of 2008, Negative interest rates have a major impact for the interest rate 
income and there are still a lack of balance sheet models that are counting the 
effects in detailed level. Kerbl and Sigmund (2017) studied the effects of negative 
interest rates on banks by using ARIMA-models. Although their model is not based 
on balance sheet model, it still gives a good perspective on the effects of negative 
interest rates. In their study they noted that when interest rates fall below zero, the 
income from loans decreases and deposits are usually legally floored at zero, which 
means decreasing profits for banks. Their results confirmed these expectations, and 
especially smaller deposit-financed banks are affected the most. This is also quite 
the typical bank structure in Finland. Additionally, there are many interesting articles 
related to the interest rate risk (e.g.  Alessandri and Drehmann, 2010; Drehmann, 
Sorensen and Stringa, 2010; Memmel, 2011; Bellini, 2013). 

Credit risk modelling 

The credit risk is one of the most examined areas in the banking literature.  Credit 
risk is also related to interest rate risk, as rising interest rates tend to rise the 
probabilities of loan defaults. It is quite a logical assumption, since the customers 
need to pay more on their loans when the rates are high. Related to previous there 
are two models in the literature that are usually used as a reference models: 
CreditRisk+ from Credit Suisse and Internal ratings-base method (IRB) introduced 
last chapter (Credit Suisse, 1997; Basel Committee on Banking Supervision, 2005). 
The famous Merton (1974) model deserves to be mentioned when talking about 
credit risk. Merton uses the equity of companies as a call option in the model. Said 
model is the base for the famous Black-Scholes-Merton model (Scholes and Merton 
were awarded 1997 for the Nobel prize in economics). 

Mugerman, Tzur and Jacobi, (2018) article gives an interesting perspective to study 
credit risk. They write that in most cases credit risk researches use the same few 
credit providers’ knowledge regarding default ratings of corporates. Instead of using 
provided ratings, Mugerman et al. (2018) focused on individual consumers and 
mortgage markets. They also used screening capacity of banks as a factor for credit 
risk. the probability of the borrower’s default and fair value of the collaterals are 
dependent on the random state of the economy in their model.   

The more general way to investigate credit risk is by using the macroeconomic 
models. There are usually many factors that affect the default rates (e.g. GDP, 
employment rate etc.) For example, Breuer et al. (2012) proposed a multi-period 
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stress test scenarios for credit risk modelling. They introduced plausibility, which is 
described by its distance from an average scenario and used optimization to find 
the most harmful scenarios. Those scenarios should be equally plausible, as the 
scenarios used normally in the literature. There are also a vast variety of interesting 
studies, relates to credit risk (e.g. see Damel, 2006; Breuer et al., 2008; Alessandri 
and Drehmann, 2010; Drehmann, Sorensen and Stringa, 2010). 

Liquidity risk and integrated balance sheet risk models  

Liquidity risk is the fourth very popular area in the banking literature. Grundke and 
Kühn (2019) developed a very detailed balance sheet simulation model to measure 
LCR and NSFR introduced in last chapter. Their model also captures the interest 
rate risk and credit risk. The study focused on detailed reproduction of a balance 
sheet of a single bank. Additionally, the model can include off-balance sheet items, 
which are used for the liquidity modelling. They keep their balance sheet structure 
and asset allocations static, which is a usual assumption in balance sheet models 
(e.g. see Alessandri and Drehmann, 2010; Drehmann, Sorensen and Stringa, 2010; 
Aikman et al., 2011).  

Grundke and Kühn (2019) used private data from different types of German banks 
and constructed nine different balance sheets and imitated the different types of 
banks, like savings banks, private banks etc. Their data allowed proper and realistic 
asset allocations for the constructed balance sheets. The results of the simulations 
implicated that their model gives realistic values for liquidity measures. They also 
found that the introduction of LCR and NSFR do not have unambiguous impact to 
the equity return. The ratios also lower the risk of default and the reduction of 
maturity transformation effectively and closes the liquidity caps within one year. 

Another interesting study related to the matter is the study from Aikman et al.  
(2011). Like in the study of Grundke and Kühn, Aikman et al. (2011) used a very 
detailed balance sheet model to examine funding liquidity risk. The speciality of their 
model is the possibility to model the network effects and other key risks in the same 
model,  i.e. interest rate risk and credit risk. They are showing how the RAMSI model 
(Risk Assasment Model For Systemic Institutions) of the Bank of England can help 
to conquer systemic or institution spesific vulnerabilities. The model is developed 
specifically for the UK financial system. The balance sheet they use is huge, and it 
includes 400 asset classes and 250 liability classes. Every asset class is diveded 
into five maturity buckets and six repricing buckets. Like Grundke and Kühn (2019) 
their reinvestment is handled endogenously and the initial balance sheet structure 
will be the same for the whole simulation period (static balance sheet assumption). 

In addition to Grundke and Kühn (2019) and Aikman et al. (2011) studies, there is a 
growing number of studies that integrate the risks mentioned above. For example, 
Montesi and Papiro (2018) made a really interesting study that examined the 
financial fragility of the G-SIB banks (Global Systematically Important Banks). 
Instead of one macroeconomic model and a couple of stress scenarios, they used 
a stochastic simulation approach to identify all the relevant risk factors. Further, 
instead of keeping the balance sheet structure static, they forecasted the future 
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states of the balance sheets. The advantage compared to any other balance sheet 
model mentioned above, is that they can show the vulnerabilities of the different 
balance sheet structures in a much bigger scale. As far as we know this is the only 
balance sheet simulation study that does not use static balance sheet assumption 
and concentrates purely on forecasting different balance sheet scenarios. This 
thesis will follow a similar approach.  

Montesi and Paprio (2018) use multiple stochastic variables, which are 
simultaneously determined within a single model. The biggest advantage of this 
method is that one does not have to predefine the stress test scenarios. Instead, 
one can use thousands of simulations to show the worst scenarios, which might not 
be possible to predefine in advance.  One can also define how likely the worst-case 
scenarios will happen by using these simulations. On the other hand, their model 
does not rely on detailed reproduction of banks’ balance sheet dynamics, repricing 
characteristics, or detailed income generation process.  

Alessandri and Drehmann (2010) study integrates interest rate risk and credit risk 
and their balance sheet model concentrates on the detailed reproduction of balance 
sheet and repricing characteristics of assets and liabilities. The main difference of 
their work compared to that of Montesi and Papiro (2018), or also compared to our 
thesis, is the static balance sheet assumption. The study of Alessandri and 
Drehmann will be further discussed in the next chapter.  

Bellini (2013) also studied integrated impacts of risks. He built a statistical 
framework for integrating interest rate risk, credit risk and liquidity risk. Compared 
to the study of Alessandri and Drehmann  (2010), he also added the liquidity risk. 
He examined the long- and short-term effects of the risks. However, Bellini (2013) 
did not focus on the forecasting of different balance sheet scenarios and had a static 
balance sheet assumption. It should also be noted that there are many interesting 
articles related to integrated risk models that are not discussed here (e.g. see 
Dimakos and Aas, 2004; Breuer et al., 2008; Drehmann, Sorensen and Stringa, 
2010; Kretzschmar, McNeil and Kirchner, 2010). 

 

4.2 Studies of banks’ balance sheet simulation models 
 

4.2.1 Integrating credit and interest rate risk in the banking book model 
 

Alessandri and Drehmann (2010) developed a framework that can model both the 
interest rate risk and the credit risk jointly. Usually these are calculated with different 
models, which might over or underestimate the effects of these risks. They used the 
integrated risk model to answer what is the optimal level of capital when joint effects 
are measured. Correspondingly to this study, their model uses banking book 
approach, earnings-based measures and Monte Carlo simulations. Their study 
gives good overview of the basic assumptions in the literature, which are commonly 
used for banks’ balance sheet simulations.  
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Banking book approach, as mentioned in chapter 2, means that the assets and 
liabilities are valued at their book value instead of market value. The assumption is 
that every asset class is hold till their maturity and will not be traded short. When 
using the book value accounting, the profits and losses are calculated when they 
realize, not by using their economic value. According to Alessandri and Drehmann 
(2010) there are three important interaction factors that are important for the 
measurement of the integrated risk: 

1) both risks are driven by common set of risk factors,  

2) interest rates are important determinants of both credit and interest rate risk, 

3) credit risk impacts significantly on net interest income.  

Alessandri and Drehmann (2010) built their framework in the following way as 
follows.  They assumed that a bank has 𝑁 asset classes {1,2,3, … , 𝑁}, and each 
class 𝐴*  has a specific size, time to repricing 𝑏*, default probability PDti(𝑋), loss 
given default 𝐿𝐺𝐷* and coupon rate Cti(𝑋). They assumed that coupons are fixed 
and the common set of systemic risk factors 𝑋 are coming from a generic probability 
distribution 𝐹. The assumption is that the defaults across different assets 𝐴* are 
independent. The bank is funded by liability classes 𝐿- and each liability class 𝐿. 
has its own repricing bucket 𝑏*, and pays a coupon Ct

j(𝑋). The coupons of liabilities 
are fixed. 

In the single period framework, the credit risk and total loss of the portfolio 𝐿 is 	
random and it is calculated by,  

 

where 𝛿* is a default indicator for asset i taking the value 1, with probability 𝑃𝐷*(𝑋), 
and 0, with probability (1 − 𝑃𝐷*(𝑋)). Conditional to the systemic risk factors the 
default indicators 𝛿* are Bernoulli random variables. The industry standard models 
like CreditRisk+ can also be formulated by using this assumption.  

Alessandri and Drehmann (2010) models the interest rate income by calculating the 
coupon payments of assets, which are constants, minus the coupon payments on 
liabilities. Thus, if there are no defaults the coupon income from assets is 𝐶*𝐴* and 
the coupon payments from liabilities is 𝐶.𝐿.. If there is a default, they assumed that 
the coupon payments for assets are d1 − 𝐿𝐺𝐷*e ∗ 𝐶*𝐴* , where all the income is not 
lost. Total realized net income is: 

 

where  

𝐿(𝑋) = 	∑ 𝛿*0
* (𝑋)𝐴*𝐿𝐺𝐷*, (8) 

𝑅𝑁𝐼(𝑋) = 𝑁𝐼 − ∑ 𝛿*(𝑋)𝐿𝐺𝐷*𝐶*𝐴** , (9) 

𝑁𝐼 = 	g𝐶*
*

𝐴* −g𝐶.𝐿.
*

.	 (10) 
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Because the coupon payments default only when there is a credit default,  
Alessandri and Drehmann (2010) redefine credit loss distribution 𝐿∗, 

 

and the total net profit NP(X) is: 

 

A multiperiod model needs assumptions regarding how the initial balance sheet will 
evolve through periods. Alessandri and Drehmann (2010) made a couple of 
assumptions. Firstly, the depositors are passive, meaning that the current deposits 
are rolled over with the same characteristics. The second assumption is that the 
bank is not actively managing their balance sheet. It means that the bank only 
invests to replace the maturing or defaulting asset, with new assets that have the 
same characteristics. That is the base for the static balance sheet assumption. They 
also make the balance sheet match at the end of each period. The net profits that 
the bank makes are used to the funding of the replaced assets. If the net profit is 
not enough, they assume that the rest comes from shareholders’ funds. The 
remaining profits are held in cash and are used as a buffer for negative periods. 
These assumptions are of course major simplifications, but they are still commonly 
used in the field.   

The initial balance sheet, coupons and macro conditions are set at time 𝑡2. At time 
𝑡3, a shock occurs in the economy. The repricing of the assets and liabilities are 
made according to the new state of the economy. Each asset and liability class are 
divided into the maturity classes 𝑏*. Maturity classes are 1-3 months, 3-6 months, 
6-12 months, 1-5 years, > 5 years, and fixed rate. Thus, in the first quarter all the 
assets and liabilities that are in the maturity bucket 1-3 months, are repriced 
according to the current state of the economy. Rest of the assets and liabilities are 
still priced, as the initial coupons at time 𝑡2. The next step is the repricing of credit 
losses and after that the interests are paid from assets and liabilities. The last thing 
is to re-invest to the matured/defaulted assets as explained above. This process is 
repeated quarter after quarter. The pricing process is using DSS framework 
introduced in Drehmann, Sorensen and Stringa (2010). 

In the multi period model, the net income (loss) is calculated as: 

 

𝐿∗(𝑋) =g𝛿*(𝑋)(1 + 𝐶*)𝐴*𝐿𝐺𝐷*
0

*

, (11) 

𝑁𝑃(𝑋) = 𝑅𝑁𝐼 − 𝐿(𝑋) = 𝑁𝐼 − 𝐿∗(𝑋). (12) 

𝑁𝐼$&(𝑋!) =gg𝐼!*
!

!42

𝐶!*
0

*43

(𝑋!)𝐴* , (13) 
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According to Alessandri and Drehmann (2010) equations 13 and 14 are the heart of 
their model. The equations imply that for every macro scenario and simulation step, 
they need to calculate proper coupon rates for all assets and liabilities according to 
the repricing characteristics. Nevertheless, this process will increase the 
computational complexity. The logic behind the repricing is quite the same, as that 
we are using for our initial balance sheet.  

Alessandri and Drehmann (2010) used earnings at risk to measure the net profits 
and credit losses. They also made a sensitivity analysis to confirm their results. The 
sensitivity analysis is made by simulating the same hypothetical bank by changing 
its initial parameters. For example, they drop all spreads on deposits (margins), or 
they drop all the spreads (assets and liabilities are calculated only by using risk free 
curve). They also presented their macro model, which is the base for the yield curves 
and credit risk measures.  

The hypothetical balance sheet that Alessandri and Drehmann (2010) used consists 
of 7 UK based asset classes and 7 US based asset classes. They assume that their 
bank is exposed to the US and UK markets, respectively. The differences between 
the US/UK exposures are explained in their macro model. In short, they use different 
shocks depending on where the asset class is located. All the liabilities are funded 
by UK based liabilities. The asset classes are interbank (cash), mortgage lending, 
unsecured lending to households, government lending, lending to private non-
financial corporations, lending to other financial corporations, lending to financial 
corporates and other. The liability classes are interbank, household deposits, 
government, private non-financial corporations, financial corporations, subordinated 
debts and other. (Alessandri and Drehmann, 2010)  

As mentioned above, the results of Alessendris and Drehmanns (2010) study 
indicate that without calculating joint risks of interest rate risk and credit risk the 
effects can be under-, or over-estimated if calculated separately. Their tests proved 
that there is a need for the models, which can calculate multiple risks jointly. As we 
show in the next chapter, our balance sheet model can also work as a base for the 
calculations of multiple risk factors. The main differences between our balance sheet 
model and theirs, is that we are focusing on forecasting thousands of different 
balance sheet scenarios, while they use only three in their sensitivity analysis. They 
use constant spreads (margins), and we use stochastic spreads for every asset and 
liability class. That will have a major impact to the net interest income.  

 

 

𝑁𝐼$#(𝑋!) =gg𝐼!
.

!

!42

𝐶!
.

0

.43

(𝑋!)𝐿. . (14) 
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4.2.2 Long term banks’ balance sheet management studies from Birge and Júdice, 
(2013, 2014) 

 

Birge and Júdice (2013, 2014) have made two studies that are related to banks 
balance sheet simulation and interest rate modelling. In their first study in 2013 their 
target was to make a model to estimate balance sheet risk factors in the long run 
with four targets: 

1. Solving a simple one period model which describes the optimization problems 
that banks’ faces. Also, it is a base for more dynamic model in the future 

2. Estimating stochastic processes underlying risk scenarios faced by banking 
institutions. 

3. Tool that simulates the joint behavior of risk factors (e.g. mortgage rates, deposit 
rates etc.)  

4. Describing mathematical equations that govern an evolution of the balance sheet 

Birge and Júdice (2013, 2014) used a Vector Autoregressive model to show the 
relations among risk factors; credit risk, interest rate risk, and liquidity risk.  

Birge and Júdice, (2013) used a stochastic process, which generates interest rates. 
Their interest rate model follows the Cox, Ingersoll and Ross, (1985) and Kupiec, 
(2009) models. The model applied generates estimates for mortgage rates, deposit-
rates and non-core deposit rates. Charge-off-rates are specified by modification of 
the Vasicek (2002) model and some addition from Kupiec (2009) study. For 
momentum factor real estate loans are used and the balance sheet is similar with 
Hahm, Shin and Shin, (2012).  

Birge and Júdices (2013) one period model’s goal is to maximize the expected 
return of utility, which captures risk aversion. Like Drehmann and Alessandri (2010) 
they match the balance sheet in every simulation step. They assume that core 
liabilities are fixed, and new funding comes from non-core liabilities. At the end of 
each period the default-rate is assumed to be stochastic. They tested their one 
period model with historical market rate data, which included data from interest 
rates, deposit rates and the standard deviation and mean of charge-off rates.  

Birge and Júdice (2013) used their one period model as a base for their multiperiod 
model. In multiperiod model they are assume that all the core deposits are fixed and 
the new loans (growth) has to be funded by non-core deposits. (Birge and Júdice, 
2013) In time 𝑡 their bank consists loans 𝐿!, equity 𝐸!, and core deposits 𝐷!. They 
assumed that banks have decision to grow loans in amount of 𝑛!   and the needed 
amount is calculated by: 

 

where 𝑝 is constant prepayment rate.  

Birges and Júdices (2013) multiperiod model has an assumption that in time t+1 
there can be three different events. The first evet can be that mortgages pay the 

(1 + 𝑛! − 𝑝)𝐿! − 𝐷 − 𝐸! , (15) 
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interest alone. The second event is that prepayments happened by the amount 𝑝, 
and third event can be that the default occurs by amount 𝜆 which is charge-off rate. 
Loans in balance sheet in time t can grow to t+1 by the rate of 𝑛!   and decrease by 
amount of 𝑝 and l. Loans in t+1 is calculated: 

 

Income I come from loans in time t+1 by loans that are not defaulted or prepaid, so 
the income is defined, 

 

The equity 𝐸! comes in time t+1 from the balance sheet from time t, where they add 
income from loans, and deducts funding costs, operating costs 𝑐 and charge offs. 
So, the equity in t+1 is:  

 

where 𝑓! is non-core rate and 𝑑!  is core-deposit rate. 

Birge and Júdices (2014) study used the model from 2013 study as a base in their 
2014 study where their goal was to show how different bank management policies 
are affecting to banks risk and return in the long run. The study is related to our 
study, since they build a model that specifies how the balance sheet evolves trough 
time. Although, the logic and the scale of balance sheet detail is quite different than 
our setting or Alessandri and Drehmann (2010) , it still relies on the same foundation.  

Birge and Júdice, (2014) assumed that banks have two target ratios: a target 
leverage ratio 𝑅#  (the ratio of equity to loans) and target core deposit ratio (the target 
of core deposit to loans). The logic is that, if a bank is under these ratios it will not 
expand its balance sheet (make new loans and equity) and, otherwise it will. The 
balance sheet model has been built as follows: 

At each point in time 𝐿!567 is amount of desired loans, which is dependent on target 
leverage ratio 𝑅# and target funding ratio 𝑅8.  𝐿!567 is calculated by, 

 

Based on 𝐿!567 the amount of new loans is generated by, 

 

The formula indicates that if the desired loans are greater than the current loans in 
the balance sheet then it will expand the loan balance Birge and Júdice, (2014). 

𝐿!93 = 𝐿!(1 + 𝑛! − 𝑝 − 𝜆!93).	 (16) 

𝐼!93 = 𝐼!(1 − 𝑝 − 𝜆!93) + 𝐿!+𝑛!+𝑟! . (17) 

𝐸!93 = 𝐸! + 𝐼! + 1 − d(1 + 𝑛! − 𝑝)𝐿! − 𝐸! − 𝐷e𝑓! − 𝐷𝑑! − 𝐿!(𝑐 + 𝜆!93), (18) 

𝐿!567 	= min	(:!
;"
, <!
;#
). (19) 

𝐿!"6= = max	(𝐿!567 − 𝐿! ,0). (20) 
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The Birge and Júdice, (2014) models the income 𝐼! in a way, where 𝐼! is the income 
of loans on the balance sheet in time 𝑡. The new loans have positive impact on 
income and charge-offs and prepayment rate has negative impact on income. 
Income is calculated, 

 

They modelled core deposits 𝐷!  to have constant growth, since deposits are seen 
from very inflexible source of funds. The deposits are calculated by: 

 

They included operating cost 𝑐!, which naturally depends on the size of balance 
sheet. The operating costs are defined by: 

 

The earnings 𝑒!are defined from using the income on loans, funding costs, charge-
offs and operating costs. The equation for the earnings is defined by:  

 

Dividends 𝑑𝑖𝑣! depends on payout ratio 𝑅(, which assumed to be constant, so  

 

 

Lastly the Equity Et grows by the amount that is not paid out by dividends, so the 
increased equity is: 

 

Birge and Júdice (2014) used a static balance sheet assumption and their model 
followed the target leverage ratio and target core deposit ratio. In their study they 
measured the exposures of different core deposit ratios and leverage ratios. Their 
study implicated that in the long run the setting of a conservative core deposit ratio 
has clear benefits for banks. They also showed that the banks that are on close to 
Basel III limits are still risky.  

 

 

𝐼!93 = (𝐼! + 𝐿!"6=)(1 − 𝑝 − 𝜆!93). (21) 

𝐷! = 𝐷!(1 + 𝑔). (22) 

𝑐!93 = 𝑐(𝐿! + 𝐿!"6=). (23) 

𝑒!93 = 𝑙! + 𝐿!"6=𝑟! − (𝐿! + 𝐿!"6= − 𝐸! − 𝐷!)𝑓! − 𝐷!𝑑! − (𝐿! + 𝐿!"6=)𝜆!93 − 𝑐!93. (24) 

𝑑𝑖𝑣!93 = maxd𝑅(𝑒!93, 0e. (25) 

𝐸!93 = 𝐸! + d1 − 𝑅(e𝑒!93. (26) 
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4.3 Our contributions to the literature 
 

The literature research implicated that there are only a few studies that use detailed 
banks’ balance sheet model to evaluate the typical risk factors faced by banks ( see 
Alessandri and Drehmann, 2010; Drehmann, Sorensen and Stringa, 2010; Aikman 
et al., 2011; Montesi and Papiro, 2018; Grundke and Kühn, 2019). All of those 
studies, except Montesis and Papiros (2018) study, are using the assumption of a 
static balance sheet structure (i.e. the proportions of assets and liabilities are staying 
constant or almost constant trough time). The studies concentrating to the stochastic 
balance sheet modelling and the forward-looking fragilities are missing from the 
literature. Montesi and Papiro (2018) stated the same findings in their study.    

Table 4. Key balance sheet and NII simulation studies. 

 
*BS = balance sheet, *CF= Cash flow calculations 

There is one important factor which is not included in the static balance sheet 
models: what if the balance sheet does not develop an expected way. Our model 
can use thousands of stochastic balance sheet scenarios, which can reveal 
unexpected vulnerabilities that the initial static balance sheet model is possibly 
missing. The model in Montesis and Papiros (2018)  study can perform this type of 
analysis, but it is not focusing to the production of a detailed balance sheet model 
or the complex cashflow calculations, detailed repricing characteristics, 
amortizations or negative rates (floors). The negative rates especially are an 
important factor that have not been discussed in detail in the studies mentioned 
above. On the other hand, Montesi and Papiro (2018) are calculating the credit risk 
and other risk factors in a much more detailed way.   

Based on our knowledge, our model is the first balance sheet simulation study, 
which has been built for the Finnish (Scandinavian) commercial banking markets. 
These markets have one typical feature. The majority of the household mortgage 
loans are variable rate loans. This means that the repricing of the assets is very 
crucial, especially when concentrating to the future development of the balance 
sheet.  

Author Journal Year Model type Risks included BS structure* Detailed BS and CF*

Drehmann et al.
Journal of Banking and 
Finance 2010

Simulation & term structure 
model Credit and interest rate Static Yes

Alessandri & 
Drehmann

Journal of Banking and 
Finance 2010 Simulation & macro model Credit and interest rate Static Yes

Aikman et al. Bank of England: Working 
Paper

2011 RAMSI simulation framework Credit and Interest rate 
risk, liquidity risk and 
network risk

Static Yes

Montesi & Papiro Risks 2018 Stochastic simulation Credit, interest rate, 
liquidity , reputational, 
strategic and business, 
market  and operational

Stochastic No

Grundke & Kühn Quarterly review of 
Economics and Finance

2019 Simulation & CIR-model Credit, interest rate and 
liquidity 

Static Yes
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It is also good to notice that our model does not have any sophisticated yield curve, 
credit risk or liquidity risk model, which other studies usually focus on. It does not 
have any restrictions between the stochastic yield curve generation and balance 
sheet forecasting. That might lead to some inconsistent scenarios. For example,  
Montesi and Papiro (2018) recognized the existence of these inconsistencies and 
used appropriate methods to manage them in their study.  

 

5 THE SIMULATION FRAMEWORK 
 

As mentioned in the introduction the objective in this study is to create a model that 
is as close to reality as possible. As an example, if one sells a 12-month variable 
rate mortgage loan with a maturity of 20 years the model should be able to calculate 
the interest income realistically. This means that the loan must be repriced after 
every 12-months with the right forward curve estimates and including the effects of 
the amortizations. While the model must include all the previous information, it 
should be aggregated in a way that the computational time is reasonable. In this 
chapter we illustrate how this problem has been managed in this thesis. This chapter 
will follow the structure from the framework presented in figure 1.  

 

5.1 Initial balance sheet and parameter setup 
 

The most important part of our modeling framework lies in the parameter setup. The 
first thing is to set the book values for the initial balance sheet (balance sheet in time 
0). The setup we use in this study consists 27 asset classes and 20 liability classes 
that are shown in table 5 below. The framework is built in a way that it is possible to 
flexibly add or remove new balance sheet items easily if necessary.  



 36 

Table 5. The balance sheet structure and repricing characteristics used in this 
thesis. 

 
 

The initial balance sheet setup 

The initial balance sheet is the key element in the model. It is based on the 
assumption that we have an exact knowledge regarding all the balance sheet items 
that the bank holds and how they are allocated into different items. In addition, we 
need to have knowledge regarding the other key elements, such as the repricing 
characteristics, amortizations and current spreads. For example, we know that we 
have a total of 300 million in mortgage loans and from these the share of the 12-
month variable rate loans is 250 million. The weighted average spread for said loans 
is 1% and the amortizations realized during the next month are 10 million. For the 
initial balance sheet, we assume that the spread of these loans will stay constant 
for the whole simulation horizon, meaning that the current customers do not bid out 
their loans. While the spreads stay constant, the amortization and prepayments 
could be different for every simulation step (1-month period). The amortization 
amounts are determined for every month and it is also possible to stress those 
amortizations with a higher amortization amount, which means that you can 
estimate the possible prepayments into the future. In addition, there is a possibility 
to leave the amortizations off, which will keep the initial balance sheet static.  

ASSETS LIABILITIES
Cash and cash equivalents: varaible rate 1M Liabilities to cedit institutions
Loans and advances to the credit institutions: variable rate 1M Liabilities variable rate 
Loans and advances to the public and public entities Liabilities to the bublic and public sector entities

Mortgages to the public: variable rate 12M Checking accounts  to the public: fixed
Mortgages to the public: variable rate 6M Savings accounts to the public: fixed rate
Mortgages to the public: variable rate 3M Checking accounts to he corporations: fixed
Mortgages to the public: fixed rate Savings accounts to the corporations: fixed
Mortgages to the public: Bank rate Term deposits to the public: variable rate 12M
Unsecured loans to the public: variable rate 12M Term deposits to the public: fixed rate
Unsecured loans to the public: variable rate 6M Term deposits to the corporations: variable rate 12M
Unsecured loans to the  public: variable rate 3M Term deposits to the corporations: variable rate 6M
Unsecured loans to the  public: fixed rate Term deposits to the corporations: variable rate 3M
Unsecured loans to the public: bank rate Term deposits to the corporations: fixed rate
Loans to the corporations: variable rate 12M Debt securities issued to public
Loans to the corporations: variable rate 6M Bonds to public: variable rate  3Y
Loans to the corporations: variable rate 3M Bonds to public: variable rate 5Y
Loans to the corporations: fixed rate Certificates of deposit: variable rate 6M
Loans to the corporations: bank rate Subordinated liabilities: variable rate 12M
Credit cards: variable rate 3M Provisions and other liabilities: no rate
Student loans: variable rate 12M Deferred tax liabilities: no rate
Other loans: variable rate 12M Equity

Investment assets Share capital: no rate
Investments: fixed rate Reserves: no rate
Investments: variable rate 12M Retained earnings: no rate

Shares of companies consolidated by the equity method: no rate
Intangible assets: no rate
Tangible assets: no rate
Other assets: no rate
Deferred tax assets: no rate
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We must define the book value, weighted average spread and the amortizations (if 
needed) for all the items in the initial balance sheet showed in table 5. In addition, 
we need to define the interest rate indices for every item that is used for the rate 
calculation and repricing. For example, the 12-month variable rate loans should be 
linked to the 12-month variable rate indices, (Euribor 12-month forward curve). We 
are taking a closer look to the interest rate curves and the repricing later. 

The setting of stochastic growth parameters and spreads 

After setting the initial balance sheet parameters we set the parameters for the 
forecasting and the development of the balance sheet items. We are using a 
dynamic approach, which was described in chapter 2. In our framework we have a 
couple of assumptions regarding the forecast. Firstly, we assume that we have the 
best knowledge about the development of the balance sheet in the future, meaning 
we know the historical development of the balance sheet items and the current 
market conditions. Based on that knowledge, we can for example forecast that in 
the next year the loan portfolio will grow 5 percent. Since there is always an 
uncertainty related to the forecasting, the framework allows you to give growth limits 
instead of one single estimate for the portfolio. For example, one could set a limit of 
a minimum of 3% and a maximum of 6% for the growth rate of the portfolio for the 
next year. On the second year, you can give new limits for the growth rates, since a 
longer time horizon makes it harder to forecast accurately. Lastly, there is a third 
possibility to give new growth rate limits after two years has passed (see chapter 
3.1).  

After determining the necessary information for the initial balance sheet and the 
growth rates for the asset side items, the next thing to consider is how to fund the 
growth of the assets. For example, we could assume that we can grow the term 
deposits base through higher interest rates to match the expected asset growths. 
The growth parameters for liability side items are also set for every item in the 
balance sheet. As noted in the literature review, this approach is different from the 
ones usually used in the literature, where there is a static balance sheet assumption 
(e.g. see Alessandri and Drehmann, 2010; Drehmann, Sorensen and Stringa, 2010; 
Aikman et al., 2011; Birge and Júdice, 2014; Grundke and Kühn, 2019). The process 
described in the previous paragraphs is close to the real-life decision-making 
process bank managers must perform, thus our model provides a practical tool for 
business planning for such authorities to use.  

Besides the future growth rates of the balance sheet items, another important factor 
in the model is the development of spreads. For example, in a scenario where we 
know that in the current market conditions, we can easily sell mortgage loans by the 
spread of 1 percent. However, in the future we assume that the competition will be 
harder and therefore the spreads will decrease for the loans sold. Knowing this, we 
can set a limit where the forecasted spread for the first year is between 0,8% - 1.2%. 
The framework uses the exact same process with the growth rates and the 
development of spreads i.e. you can set three different limits for the spreads for 
every item in the balance sheet. 
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The final parameters and modelling assumptions 

The rest of the parameters that the model requires are the number of balance sheet 
scenarios wanted to generate, the number of yield curve scenarios, the credit risk 
rate, the amortization rate of newly generated items, and if these items have an 
interest rate floor or not.  

Some basic assumptions that we use should be mentioned before moving forward. 
We follow closely some of the basic assumptions usually used in the literature (see 
e.g. Alessandri and Drehmann, 2010; Birge and Júdice, 2014; Grundke and Kühn, 
2019). Firstly, it is assumed that there are no investment restrictions. This means 
that we can always sell the loans that we need to achieve our simulated growth rate. 
The same assumption applies to the other side of the balance sheet. Secondly, we 
assume that all the assets and liabilities used in the simulations are held into 
maturity, hence they are valued at book value. Lastly, if we do not set prepayments 
for the initial balance sheet items like deposits or bonds, we assume that the 
investors are willing to continue those deposits/investments with same conditions in 
future.   

 

5.2 Forecasting balance sheet- and spread scenarios 
 

The forecasting starts with the simulation of the future development of the balance 
sheet. The forecasting will use the growth parameters that we defined in the last 
section. During the same process we will also produce the stochastic spreads for 
every balance sheet item. The forecasting process is quite straight forward. We use 
Monte Carlo simulations to generate the stochastic growth rates and spreads for 
each six-month period (see chapter 3). The simulation horizon is 5 years with the 
step size of one month. The balance sheet item growth is calculated every month 
by using the simulated growth rate. The new growth rate will be simulated after every 
six months and between the new growth rate generation the simulation uses the last 
simulated growth parameter. So, one balance sheet scenario includes 10 different 
stochastic growth rates and spreads. The new limits for the simulations are given 
after the first and the second year. The figure 6 below demonstrates this process.  
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Figure 6. Simulated development of each individual item in balance sheet. 

In time 𝑡 = 0 the model simulates the growth parameters and spreads for all the 
items in the balance sheet. The model uses the same simulated rates and spreads 
for the next six months and calculates the monthly growth of each item. For example, 
variable rate mortgages grow at 1% p.a. and fixed rate mortgages by 2% p.a. As we 
mentioned earlier, the stochastic process is using the uniform distribution. It means 
that each value in the given range have the same probability to occur. After six 
months the model simulates new growth parameters and spreads and uses these 
parameters for the next 6 months. At the end of each step (month) the model 
calculates the sums of all asset classes and the sum of all liability classes. The 
target growth rate calculations for the assets follows the next simple formula, 

 

and for the liabilities, 

 

where 𝑡𝑎𝑟𝑔𝑒𝑡𝐿!42"  and 𝑡𝑎𝑟𝑔𝑒𝑡𝐴!42"  are the initial balance sheet values given in 
appendix 2, and 𝑔𝑟𝐴!" and 𝑔𝑟𝐿!"  are the simulated growth rates presented in chapter 
3.1. 

Matching assets and liabilities  

The stochastic growth generation creates one problem. When the growth rates are 
simulated, it usually leads to a situation where the balance sheet is no longer in 

𝑡𝑎𝑟𝑔𝑒𝑡𝐴!" = 𝑡𝑎𝑟𝑔𝑒𝑡𝐴!>3" ∗ (1 + 𝑔𝑟𝐴!"),  (27) 

𝑡𝑎𝑟𝑔𝑒𝑡𝐿!" = 𝑡𝑎𝑟𝑔𝑒𝑡𝐿!>3" ∗ (1 + 𝑔𝑟𝐿!"), (28) 
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balance. For example, this could lead to a case where most of the simulated growth 
rates for assets are close to the upper limits and most of the liability rates are close 
to the lower limits, which creates a situation where the asset side is larger than the 
liability side. We want our balance sheet to match after every period, so to solve this 
problem the model calculates the difference between the sum of assets and the sum 
of the liabilities for each step. The calculated difference is added to the smaller side 
of the balance sheet, which makes the asset and liability sides of the balance sheet 
to match. We do not assume the amount of the difference to any specific class (e.g. 
mortgage loans). Instead, the differences are kept in an undefined portfolio for which 
we can give an interest rate for the income and expense calculations if we want.  

If the situation changes after the new growth rate simulations and the liability side is 
close to the maximum growth rate and the asset side is close to the minimum growth 
rate, the model checks if there are earlier undefined liabilities before any difference 
allocation. If there are any undefined liabilities, the model uses those before adding 
the amount to the asset side. This means that after every step the undefined reserve 
decrease on the liability side. This process keeps the undefined amounts 
reasonable. The assumption of matching balance sheet is also used in the literature 
(see e.g. Alessandri and Drehmann, 2010; Birge and Júdice, 2014; Grundke and 
Kühn, 2019). Therefore, this study differs from the previously mentioned literature, 
where the balance sheet is kept static by investing the excess amounts in a way 
that the balance street structure remains the same. 

The matching balance sheet assumption is one thing where one must be cautious 
while setting the growth parameters. The limits should be defined in a way that if 
you calculate the weighted average growth rate from the lower limits of the asset 
side items, it should be close to the weighted average growth rate in the liability 
side’s lower limits. The same definition should be applied for the upper limits of both 
sides. 

The simulation of stochastic balance sheet and spread scenarios 

The forecasting process mentioned above is repeated for example 10 000 times. 
This generates 10 000 stochastic balance sheet and spread scenarios according to 
the given limits. The variability amongst the scenarios can be wide, since it simulates 
the growth rates for every item (in our case for 27 asset classes and 20 liability 
classes) in the balance sheet. The simulated spreads are discussed in more detail 
in the NII section, but they are linked to the balance sheet scenarios, meaning that 
every balance sheet scenario has one similarly simulated spread scenario. The 
benefit of this stochastic balance sheet scenario generation is that it can reveal the 
joint effects of the different balance sheet structures and spread scenarios in 
different interest rate environments. For example, in one scenario we might sell a 
lot of variable rate loans for two years in a row and at the same time we are issuing 
fixed rate bonds with high price (high spread and the market interest rates are high) 
and in the same time the yield curves drop. This would provide an interesting 
scenario and a hard hit for the banks NII. These kinds of effects would be missed if 
the static balance sheet assumption is used or the spreads are assumed to be 
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constant. Even if you can generate different balance sheet scenarios in advance it 
is impossible to predetermine every possible scenario that might happen. The static 
balance sheet structure does not give that possibility. 

 

5.3 Interest rates and stochastic yield curves 
 

Interest rates are the biggest impactor to the level of net interest income and future 
development of the interest rates must be estimated.  For example, if a bank sells a 
loan in 𝑡 = 6	it is highly unlikely that the interest rates are in the same level that they 
are now (𝑡	 = 	0). The forecasted rates are used for the repricing of the initial balance 
sheet items and the newly generated items. As we mentioned in the introduction, 
this part is not in the focus of this thesis and our solution follows industry standards. 
The yield curve model is a separate module, and thus it would be easy to replace it 
by a more sophisticated model later (e.g. see Abdymomunov and Gerlach, 2014).  

We are using two different methods to add the future interest rates into our model. 
The standard industry approach is to use forward curves (swap curves) as base 
estimates to forecast the future interest rates (e.g. see Basel Committee on Banking 
Supervision, 2015; Deloitte (Consulting), 2017). Such curves are usually shocked 
with different shocks according to the Basel guidelines.  Another method is to use 
different modelling techniques for the generation of the yield curves. (see e.g. Birge 
and Júdice, 2013; Abdymomunov and Gerlach, 2014)  

In this thesis we use forward rates in the base scenario, as those rates indicate what 
the markets believe is going to happen in the future, meaning how the markets will 
forecast the future changes in Euribor rates. We are using seven curves that are the 
forwards for: 1month, 3months, 6months, 12months, 2years, 3years, and 5years 
maturities, which are almost the same maturity buckets that Drehmann and 
Alessandri (2010) uses. For the fixed rates we are using three different yield curves, 
one curve for the fixed rate instruments, one curve for European central banks 
deposit rate and one for the banks’ own rate, i.e. prime rates, which are common in 
Finnish banks.  

We are following the Basel recommendations and calculating some of the basic 
shocks mentioned in their guidelines. The shocked scenarios that we use are: +2%, 
+1%, -1% and -2%. For example, in the +1 percent shock all the yield curves are 
taking a parallel shift up by 1 percent. This is demonstrated in figure 7. 
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Figure 7. Parallel +1 yield curve shock 

The used rates are shown in figure 8. As mentioned in the beginning of this chapter, 
for every balance sheet item one must select one yield curve, which the balance 
sheet items use for the repricing and also as interest rate of the newly generated 
items. For example, when choosing a 2-year forward rate curve, the assets are 
priced for every two-year using that yield curve. We will explain the repricing process 
in more detail in the next chapter. 

 
Figure 8. Forward rates used as a base case scenario in this study 
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The framework also allows you to shock the yield curves in figure 8 with the 
stochastic model. As presented in chapter 3.2, we are using the Geometric 
Brownian motion (GBM) for modelling the interest rate curves. The parameters used 
for the model are not following any historical development or volatility. However, 
such parameters are still good enough estimates for testing purposes. In the figure 
9 below, there are 200 simulated interest rate scenarios which were created by 
using the GBM-model.  

 
Figure 9. Demonstration of simulated yield curves with GBM-model 

 

5.4 Simulating net interest income 
 

5.4.1 The development of the book value of the initial balance sheet items 
 

The calculation of the NII starts by calculating the development of the initial balance 
sheet items. At this point we only know the target levels for the balance sheet items. 
As an example, we have forecasted how all the mortgage loan items are developed 
in the forecasting period, i.e. the book value amount that we need to have after each 
forecasting step to achieve the stochastic growth rate. On the other hand, we do not 
know which portion of the assets belong to the initial balance sheet and which 
portions are the newly generated assets and liabilities. As mentioned in chapter 5.1, 
we know how the initial balance sheet will evolve through time, meaning that we 
know the amortizations and the initial levels of every balance sheet item and 
therefore we can calculate the portion of the initial balance sheet from the target 
levels.  
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The calculation of the initial balance sheet development and the portion of the new 
assets and liabilities is straightforward. The portions of asset items in the initial 
balance sheet 𝐼𝐵𝑆𝐴!" are calculated by:  

 

and the calculation of liabilities by,  

 

where 𝐼𝐵𝑆𝐴2" and 𝐼𝐵𝑆𝐿2"  are initial balance sheet values given in time 𝑡	 = 	0, and 
𝑎𝑧𝐴!"/𝑎𝑧𝐿!" are amortizations, 𝑐𝑟 is the constant credit risk rate and 𝑛 is asset or 
liability item. The amount of the initial balance sheet items is calculated simply by 
taking the value of the item at the end of last period minus the amortization amount 
in the current period and the credit losses. If there is no amortization or credit losses 
the balance sheet item stays static.  

The credit risk is assumed to be constant for all the items that are wanted to be 
included, for example mortgage loans. The credit risk is only related to the initial 
balance sheet items. Since our assumption is that we always achieve our growth 
target, it means that the credit risk lowers the initial balance sheet item. This means 
that higher credit loss rate needs higher amount of new assets that must be 
generated to achieve the target level. Other models usually handle credit risk by 
using a different approach. For example, credit risk is usually a stochastic process 
and it would affect the level of the balance sheet item. In our case this would mean 
that the balance sheet item would not achieve its growth rate. This type of modelling 
would give the possibility to add a much more realistic credit risk model, which we 
have discussed earlier (e.g. see Basel Committee on Banking Supervision, 2005; 
Alessandri and Drehmann, 2010; Grundke and Kühn, 2019).  

Now we know the portions of the initial balance sheet items. The portion of newly 
generated items can be calculated by: 

 

And liabilities by: 

 

 

 

𝐼𝐵𝑆𝐴!" = (𝐼𝐵𝑆𝐴!>3" − 𝑎𝑧𝐴!") ∗ (1 − 𝑐𝑟), 𝑛 = 1,…𝑛&; 𝑡 = 1,2, … ,60,  (29) 

𝐼𝐵𝑆𝐿!" = (𝐼𝐵𝑆𝐿!>3" − 𝑎𝑧𝐿!") ∗ (1 − 𝑐𝑟), 𝑛 = 1,…𝑛&; 𝑡 = 1,2, … ,60, (30) 

𝐴"6=,!" = 𝑡𝑎𝑟𝑔𝑒𝑡𝐴!"−	𝐼𝐵𝑆𝐴!", (31) 

𝐿"6=,!" = 𝑡𝑎𝑟𝑔𝑒𝑡𝐿!"−	𝐼𝐵𝑆𝐿!". (32) 
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5.4.2 The development of the book value of new assets and liabilities 
 

In the last section we defined the calculations for the initial balance sheet items and 
for the newly generated items. The use of stochastic spreads still needs more 
detailed information. As mentioned earlier the assumption is that the spreads are 
constant after the loan is sold, meaning that the current customers do not bid out 
their loans. This means that when generating the new assets and liabilities we need 
to define what is the current spread which those generated items are using. We use 
the MC-simulation similarly as with the growth rates. For every six months we 
simulate new random value from the given limit. Because the spread is changing 
after every six months, we need to know what the portions of the newly generated 
balance sheet items with each simulated spread are using (since they stay fixed 
after issuance).  

We have generated 10-time buckets which comprise all the sold items within a six 
months period including their spreads. To understand the development of the 
different time buckets we have visualized the process in figure 10 below. The 
simulated growth rates are demonstrated by the slope between the six-month 
periods (the growth periods) in the figure. As we can see, the more aggressive the 
growth rate is, the bigger the area is (book value of the items in the bucket). The 
decreasing of the buckets describes the effects of amortizations and in the case of 
the initial balance sheet, also the credit losses are included. If there arise no 
amortizations for newly generated items, the buckets will stay static for the whole 
simulation period. 

 
Figure 10. The future development of the balance sheet time buckets with 
amortizations. 

The amount of new asset/liability items needed to be generated in each time step is 
calculated by the difference of the target levels and the current value of the balance 
sheet in time t. For example, in time 𝑇 = 10 the right amount of newly generated 
asset items would be calculated by taking the 𝑡𝑎𝑟𝑔𝑒𝑡𝐴!432"  minus the sum of the 
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current balances of 𝐼𝐵𝑆𝐴!432" ,  𝑇𝐵𝐴(1)!432"  and 𝑇𝐵𝐴(2)!432>3" .  In practice this would 
be the amount needed to get to the target level. The equation for calculating the 
new assets in the bucket is:  

and for the liabilities, 

where 𝑝 = 1,… ,10, and 𝑇𝐵𝐴(𝑝)!" / 𝑇𝐵𝐿(𝑝)!" are the time buckets described in figure 
10. 

Now we have all the time bucket values calculated. The benefit of this style of 
modelling is that now we know the values of newly generated items in different time 
periods and we can give those time buckets different characteristics for the income 
calculation. As mentioned, we simulate different spread for every bucket we created, 
which creates different scenarios. For example, if the stochastic simulations are 
resulting one six-month period where the growth rate of the mortgage loans is high, 
and also the same period consist high spread. Same time simulation of the liability 
side items could get the funding with low spread. This would mean that we are 
making a lot of profits from that current bucket. It could also happen in one or a 
couple periods in a row or the case could be in other way around, low spreads for 
loans and high for liabilities. 

The process gives accuracy, but the downside is that it is complex to calculate. This 
process is made for every single balance sheet scenario, which increases the 
calculation times.  

 

5.4.3 Repricing of assets and liabilities 
 

We have different variable- and fixed rate curves, which can be used for the repricing 
of the balance sheet items. For the variable rate items those are the forward curves 
of 1m, 3m, 6m, 12m, 2y, 3y, and 5y. For the fixed rates we have 3 options, which 
are: the fixed rate curve, the ECB-deposit curve and the curve for banks’ own rates. 
The chosen yield curve determines the repricing bucket, i.e. when choosing the 12m 
forward curve the assets will be repriced after every 12 months. The complexity of 
the model grows since we can’t assume that all the 12m loans are repriced at the 
same time. For example, half of those 12m loans will be repriced in the upcoming 
6-month period and the rest in the next six-month period.  

The calculation between the different repricing buckets varies a little, but the logic 
remains the same. The simplest repricing task is the repricing of all the floating rate 

𝑇𝐵𝐴(𝑝)!" = 	𝑡𝑎𝑟𝑔𝑒𝑡𝐴@"−	𝐼𝐵𝑆𝐴!" −g(𝑇𝐵𝐴(𝑞)!"
(>3

A43

∗ 𝑎𝑧"6=) − 𝑇𝐵𝐴(p)!>3" , (33) 

𝑇𝐵𝐿(𝑝)!" = 	𝑡𝑎𝑟𝑔𝑒𝑡𝐿@"−	𝐼𝐵𝑆𝐿!" −g(𝑇𝐵𝐿(𝑞)!"
(>3

A43

∗ 𝑎𝑧"6=) − 𝑇𝐵𝐿(p)!>3" . (34) 
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items that are repriced after every month (1m forward curve). Said assets will take 
the matching rate from the one-month forward curve in every simulation step. The 
items that are repriced after every three months need more detailed calculations. 
For the initial balance sheet items, the process is described in the figure 11. The 
portfolios in initial balance sheet 	𝐼𝐵𝑆𝐴!", which are determined to use 3-month 
repricing curve, are repriced after every three months. The assumption we made is 
that the whole portfolio is equally distributed to the repricing buckets, i.e. the first 
month on third of the loans will reprice the second month next third etc. This same 
process will be repeated until the end.  

 

 

 
Figure 11. Repricing of initial balance sheet items using 3-month variable rate. 

New items generated will always take the rate from the corresponding yield curve 
at time of issuance. It follows the same logic as the initial balance sheet, but in the 
first six months of the bucket “growth period” there is some differences. After the 
growth period, when the amount of the bucket starts to decrease, the calculations 
are done similarly with the initial balance sheet items. The six months repricing is 
created in the same exact way. The only difference is that it is divided for 6 equally 
balanced repricing buckets. 

The 12-month repricing is demonstrated in the figure 12 below. The idea is the same 
with the 3-month and the 6-month buckets. The starting rates for the initial balance 
sheet are taken from the historical rates with the same assumption that the portfolio 
is equally distributed for the past 12 months. When the forecasting starts the oldest 
rates are replaced one by one by the forward rates. The newly generated items get 
the rate from the same month’s 12-month forward curve. For example, as we can 
see from the figure below in 𝑡 = 1 the interest rate is 2,2% in 12-month curve. The 
newly generated items in that month gets that rate for the next 12-months. 
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Figure 12. Repricing of initial balance sheet items using 12M variable rate 

The repricing against the 2y, 3y and 5y follows this same procedure with one 
difference. For the purpose of reducing complexity we are calculating average rates 
for every six-month period instead of using monthly rates for repricing. For example, 
in the case of the 2y yield curve the new items generated in 𝑡 = 1 will get the average 
rate calculated from the first six-month notations from the 2-year forward curve. The 
repricing will occur normally after two years and in this case in 𝑡 = 25.  

The fixed rates are calculated differently. The income calculation of the fixed rate 
loan is coming from the variable part plus the spread. The variable part in this case 
means that it can change through time, but when the loan is sold it takes the current 
notation and after that it stays fixed until the end. This follows the real business logic 
where the banks are calculating the fixed rates by using the current interest rate 
levels as a base for defining the right interest rate for the fixed rate loan. After the 
loan is granted, the changing interest environment does not affect the fixed rate 
anymore.  

In the literature, the repricing process usually uses different approaches to handle 
the repricing. In most of the cases the balance sheet classes do not have their own 
items for every repricing bucket. For example, for variable rate mortgage loans there 
is only one asset class and its total value is divided for different maturity buckets 
according to some maturity distribution. For example, 20% of the loans are repriced 
in the first three months and 30% between 6 to 12 month (see e.g. Alessandri and 
Drehmann, 2010; Grundke and Kühn, 2019) The equations and more detailed 
introduction for the repricing is on the next chapter. 
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5.4.4 Net interest income calculation 
 

The NII calculation is the sum of the accrued interest income from the assets’ side 
in given period minus the interest paid from the liability side items. To correctly 
calculate interest income and interest expense we need to utilize all the repricing 
characteristics, spreads and time buckets that were defined in the chapters above.  

In the NII calculations we have to follow two separate processes; income calculation 
for initial balance sheet items and income calculation from newly generated assets. 
Initial balance sheet and newly generated item calculations are calculating the 
income for the fixed rate items and variable rate items. 

First, we need to define how the interest rate process can be calculated properly for 
every asset and liability item in initial balance sheet. As mentioned above we are 
dividing all the assets and liabilities to equally divided repricing buckets. This allows 
us to utilize the simple moving average formula for the rate determination of variable 
rate items. The formula for calculating repriced interest rate 𝑦𝑐!" is, 

 

where 𝑖! is forward rate value from the correct yield curve at time 𝑡, and 𝑣 depends 
on the chosen repricing forward rate curve. For example, if class 𝑛 uses one-month 
variable rate curve, then 𝑣 = 1 and if 𝑛 uses 3-month yield curve then 𝑣 = 3; if 𝑛 
uses 12-month yield curve then 𝑣 = 12, etc. ECB-depo rate and banks’ own rates 
are calculated similarly with the one-month variable rate, so 𝑣 = 1.  

The interest income for variable rate initial balance sheet assets is calculated by,  

and for liabilities by,  

where 𝐼𝑆 is the weighted average spread, which is given as an initial parameter as 
mentioned in the beginning of this chapter. The income is divided by 12 because we 
need to change the yearly rates to the monthly rates. 

The logic for the items that use the longer maturity curves (2-year, 3-year and 5-
year) is close to the previous. We have chosen to use somewhat less accurate 
repricing measures for longer maturity items. For example, for every 𝐼𝐵𝑆𝐴!" and 
𝐼𝐵𝑆𝐿!"  ,which use a 2-year yield curve, are not divided to 24 equally distributed 
portions but instead we use four equally large shares. Those shares are repricing 
after every six months and again after two years by using the average rate for the 
last six months. The 3-year curve is following the same logic but now the items are 

𝑦𝑐!" =
𝑖!+𝑖!>3 + 𝑖!>B, …+ 𝑖!>C93

𝑣 	, (35) 

𝐼𝐼𝐼𝐵𝑆𝐴𝑣!" = 𝐼𝐵𝑆𝐴!" ∗ (𝑦𝑐!" + 𝐼𝑆)/12,	 (36) 

𝐼𝐼𝐼𝐵𝑆𝐿𝑣!" = 𝐼𝐵𝑆𝐿!" ∗ (𝑦𝑐!" + 𝐼𝑆)/12,	 (37) 
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divided by six equally large shares. The items in 5-year curve are divided by 5 
equally large portfolios and one out of the five is repriced after every year. 

The initial balance sheet assets, which use fixed rate are calculated simply:  

 

and liabilities, 

 

The repricing and income of newly generated items 

The repricing and income of the newly generated items  𝑇𝐵𝐴(𝑝)!" and 𝑇𝐵𝐿(𝑝)!"	 are 
calculated by using the benefits of the created time buckets (see figure 10). The 
easiest one is the repricing of the one-month variable rate items. Those are repriced 
after every simulation step. For the assets and liabilities which are repriced after 
every 3-month or 6-month period, the calculation follows the example below. The 
first six months for each of the time buckets the income calculation differs with the 
initial balance sheet calculations i.e. 𝑇𝐵𝐴(1)!"; 	𝑡 ≤ 6, or, 𝑇𝐵𝐴(2)!"		when 𝑡 >
6	𝑎𝑛𝑑	𝑡 ≤ 12.  Thus, the income calculation for the 3-month and the 6-month newly 
generated items follows: 1 ≤ 𝑡 ≤ 60, 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣B" = 𝑇𝐵𝐴(1)B" ∗
($%
&'$(

&

( 9DE)*+(%))

3B
, 

… 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣F" = 𝑇𝐵𝐴(1)F" ∗
(($%

&'$(
&'⋯,$0

&

0 9DE)*+(%))

3B
 , 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣G" = 𝑇𝐵𝐴(2)G" ∗
	($1
&

%9DE)*+(())

3B
+ 𝑇𝐵𝐴(1) ∗ (𝑦𝑐G" + 𝑆𝑃$%&(3))/12, 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣I" = 𝑇𝐵𝐴(2)I" ∗
	($1
&'$2

&

( 9DE)*+(())

3B
+ 𝑇𝐵𝐴(1) ∗ (𝑦𝑐I" + 𝑆𝑃$%&(3))/12, 

 … 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣3J" = 𝑇𝐵𝐴(3)3J" ∗
($%3
&

% 9DE)*+(3))

3B
+ 𝑇𝐵𝐴(1) ∗ KL%3

4 9DE)*+(%)
3B

+ 𝑇𝐵𝐴(2) ∗ (𝑦𝑐3J" +
𝑆𝑃$%&(B))/12, 

…, 𝑡 = 60. 

𝐼𝐼𝐼𝐵𝑆𝐴𝑓!" = 𝐼𝐵𝑆𝐴!" ∗ 𝐼𝑆/12, 	 (38) 

𝐼𝐼𝐼𝐵𝑆𝐿𝑓!" = 𝐼𝐵𝑆𝐿!" ∗ 𝐼𝑆/12. 	 (39) 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣3" = 𝑇𝐵𝐴(1)3" ∗
M$%
&

%9DE)*+(%)N

3B
, 	  
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Here 𝑆𝑃$%&(() is the simulated spread, which stays constant for each time bucket, 
but the generation is stochastic and 𝑖C is corresponding forward rate. The same 
calculation method is used for the liabilities	𝐼𝐼𝑛𝑒𝑤𝐿𝑣!" that uses same repricing 
curves. The calculation for the 12-month newly generated items are following the 
next example:  

𝐼𝐼𝑛𝑒𝑤𝐴𝑣B" = 𝑇𝐵𝐴(1)B" ∗
($%
&'$(

&

( 9DE)*+(%))

3B
, 

… 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣F" = 𝑇𝐵𝐴(1)F" ∗
($%
&'$(

&'⋯,$0
&

0 9DE)*+(%))

3B
 , 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣G" = 𝑇𝐵𝐴(2)G"
	($1
&

%9DE)*+(())

3B
+ 𝑇𝐵𝐴(1) ∗ (*%

&9*(&9⋯,*0&

F
+ 𝑆𝑃$%&(3))/12, 
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 … 
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F
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&
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&
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&'$7
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&
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& 9*%5& 9⋯,*%2&

F
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…, 𝑡 = 60. 

 

As with initial balance sheet items the newly generated longer maturity assets and 
liabilities are calculated somewhat differently (2-year, 3-year and 5-year forward 
curves). The examples are provided in appendix 1. The final calculation that must 
be defined is the calculation of the newly generated fixed rate items, which are 
calculated by, 

 

 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣3" = 𝑇𝐵𝐴(1)3" ∗
M$%
&

%9DE)*+(%)N

3B
, 	 
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… 

𝐼𝐼𝑛𝑒𝑤𝐴𝑓3J" = 𝑇𝐵𝐴(1)3J" ∗
𝑖3C + 𝑖BC +⋯ , 𝑖FC

6 + 𝑆𝑃$%&(3)
12 + 𝑇𝐵𝐴(2)3J" ∗

∗
𝑖GC + 𝑖IC +⋯ , 𝑖3BC

6 + 𝑆𝑃$%&(B)
12 + 𝑇𝐵𝐴(3)3J" ∗

𝑖3JC + 𝑖3QC +⋯ , 𝑖3IC
6 + 𝑆𝑃$%&(J)

12 , 

 

…, 𝑡 = 60. 

The interest rates are constant after the issuance of the asset or the liability and the 
same equation holds for liability side items as well.  

The last thing is to define the interest rate floors that can be set for every asset or 
liability item. We allow one to decide amongst three different floor types, which are 
commonly used in Finland (e.g. see Finanssivalvonta, 2016). The first one is the no 
floor option. The no floor option simply means that the negative interest rates are 
allowed for income/expense calculation. For example, that could mean that you 
need to pay interest for the bank if you want to deposit money, if the interest rates 
are negative. In the past this would be an absurd scenario, but the current negative 
interest rate environment has changed the banking field a lot. The second option is 
the possibility to put a floor for the indices. For example, if the 12-month yield curve 
is negative the mortgage loan pays at least the spread (𝑆𝑃$%&((), 𝐼𝑆). This means 
that negative rates do not reduce the income from the spread and you always have 
to pay at least the amount of the spread. The last is the possibility use a floor for 
whole interest rate. This means that the negative interest rates can also reduce the 
spreads, but the total interest rate must be at least zero. So negative interest 
income/expense is not allowed.  

𝐼𝐼𝑛𝑒𝑤𝐴𝑓3" = 𝑇𝐵𝐴(1)3" ∗
𝑖3C + 𝑖BC +⋯ , 𝑖FC

6 + 𝑆𝑃$%&(3)
12 , 

𝐼𝐼𝑛𝑒𝑤𝐴𝑓B" = 𝑇𝐵𝐴(1)B" ∗
𝑖3C + 𝑖BC +⋯ , 𝑖FC

6 + 𝑆𝑃$%&(3)
12 , 

… 

𝐼𝐼𝑛𝑒𝑤𝐴𝑓G" = 𝑇𝐵𝐴(1)B" ∗
𝑖3C + 𝑖BC +⋯ , 𝑖FC

6 + 𝑆𝑃$%&(3)
12 + 𝑇𝐵𝐴(2)B" ∗

∗
𝑖GC + 𝑖IC +⋯ , 𝑖3BC

6 + 𝑆𝑃$%&(B)
12 	, 
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Now we have determined all the parameters and variables for the income 
calculation, and we can calculate the interest income from the assets and expenses 
from the liabilities. The interest income is calculated as: 

 

and interest expense, 

 

The final measure, the net interest income is calculated by: 

 

6 NUMERIC SIMULATION AND MODEL VALIDATION 
 

6.1 Data and used parameter setup 
 

To test our framework, we need to have data for the construction of the initial 
balance sheet and the growth estimates, and all the other parameters mentioned in 
the last chapter. We do not have real data available, so we built a hypothetical bank, 
which somewhat realistically represents the typical structure of a Finnish 
commercial bank.  The data are gathered from OmaSp’s (Oma Savings Bank 
Group) Q3/2019 interim report and statistical database of Bank of Finland. OmaSp 
is a publicly listed commercial bank in Finland and it provides an interesting base 
for testing purposes, because their balance sheet has been growing rapidly in recent 
years (see. Oma Savings Bank Group, 2019).  

Initial balance sheet and growth parameters 

The OmaSp’s balance sheet had a total of 3,37 billion euros in assets at the end of 
September of 2019. From this amount the value of their loan portfolio (loans for 
public and public sector entities) was 2,86 billion euros.  They divide their loan 
portfolio into 5 different portfolios  using customer groups in their report: (1) private 
customers: 1,72 billion, (2) business customers: 0,60 billion, (3) housing association: 
0,26 billion, (4) agriculture, forestry and fishing industry: 0,257 billion and (5) other: 
0,04 billion euros. The loan portfolio is growing fast and the annualized growth rate 
for the first nine months of 2019 was 19.43% for the private customers and 19.48% 
for the business customers. (Oma Savings Bank Group, 2019)  We use these rates 
as the base case growth rates in our initial setup. The investment assets were 0,34 
billion and the growth rate was around 25 % p.a. 

The deposits were the biggest item in the liability side and the value of deposits was 
2,00 billion euros. The deposits were growing approximately 17 % p.a. (Oma 

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑖𝑛𝑐𝑜𝑚𝑒!" = 𝐼𝐼𝑛𝑒𝑤𝐴𝑣!" + 𝐼𝐼𝐼𝐵𝑆𝐴𝑣!" + 𝐼𝐼𝑛𝑒𝑤𝐴𝑓!"	+	𝐼𝐼𝐼𝐵𝑆𝐴𝑓!", (40) 

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑒𝑥𝑝𝑒𝑛𝑠𝑒!" = 𝐼𝐼𝑛𝑒𝑤𝐿𝑣!" + 𝐼𝐼𝐼𝐵𝑆𝐿𝑣!" + 𝐼𝐼𝑛𝑒𝑤𝐿𝑓!"	+	𝐼𝐼𝐼𝐵𝑆𝐿𝑓!", (41) 

𝑁𝐼𝐼! = 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑖𝑛𝑐𝑜𝑚𝑒!" − 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑒𝑥𝑝𝑒𝑛𝑠𝑒!". (42) 
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Savings Bank Group, 2019) The second biggest funding source was the debt 
securities issued which was 0,90 billion euros and its growth rate was approximately 
36% p.a. For the liability side we did not use the exact growth rates from OmaSp:s 
report. We follow those closely, but we needed to adjust the liability side items to 
match the asset growth expectations in the future.  

Although we got a lot of information from the interim report it does not include all the 
necessary information to build our model. For example, the interim report does not 
have such detailed information about the allocations of the loans in repricing buckets 
or any statistics about average spreads and so on. For example, we do not know 
what is the value of the 12-month Euribor mortgage loans in their balance sheet. 
The liability side also lacks more detailed information. We have gathered the missing 
information from the statistical database of the Bank of Finland. The database has 
data from the Finnish financial institution’s euro-denominated deposits and the loans 
of the euro area residents. There are also statistics about the average deposit and 
loan rates that banks hold. By combining information of OmaSp’s interim report and 
the statistics from the Bank of Finland, we were able to represent at least a 
somewhat realistic bank structure of a typical Finnish commercial bank. The initial 
balance sheet and parameters we use are shown in appendixes 2 and 3. 

Amortizations and credit losses 

For the initial parameters we need to define credit loss rates and amortizations for 
our loan portfolio items. The credit loss rate is based of the Bank of Finland statistics. 
In July 2019 the Bank of Finland calculated that the credit losses were a total of 
0,14% for the private customer loan base in Finland. For corporate rates the 
percentage was little bit higher and it was 0,19% (Bank of Finland, 2019). We use a 
constant credit loss rate of 0,16%, which is little bit closer to the private customer 
rate. The reason for that is that OmaSP has more private sector loans than corporate 
loans in their balance sheet.  

The amortizations are determined by using the average maturities of the whole loan 
base in Finland.  For example, the average maturity of mortgage loans was 19 years 
and 11 months in 2018 and in the beginning of the 2017 the average maturity of the 
unsecured private loans was 12 years and 8 months (Bank of Finland, 2017, 2019b). 
To calculate the monthly amortizations for loans we simply convert the average loan 
maturity to months and divide the whole portfolio by months. For example, the 
monthly amortizations for the 12-month variable rate mortgage loans are calculated 
by, QGJ	JRG	JJJ€

(3P9%%%()∗3B
= 1	980	548€ . For corporate loans we are using an average maturity 

of 8 years and for credit cards 20 months. For the newly generated assets we use 
a constant amortization rate of 0,0041% per month.  
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Interest rates  

The forward rates we use is gathered from Chatham Financials’ web site. They 
provide forward estimates for the 3-month Euribor and Libor rates (Chatham 
Financial, 2019). For the other indices (Euribor 6-months etc.) we generated the 
curves by using the 3-month forward estimate. We simply calculated the historical 
average difference between the rates and used those averages to estimate the other 
forward curves. For example, we calculated the average difference between one-
month Euribor and three-month Euribor in past and used that difference to generate 
the one-month forward curve. These are of course very rough estimates, but still 
good enough for our testing purposes. The interest rates estimated with the GBM-
model are used to shock the base rate forward curves. For example, one forward 
curve estimate from the GMB-model is used to give parallel shock for all the forward 
curves. This means that the term structure of the interest rates does not change in 
the shocks and the difference between curves stays constant in the scenarios we 
test.  

Interest rate floors and repricing’s 

All the variable rate mortgage and corporate loans are floored to pay at least the 
spread. This means that when interest rates are negative those mortgage portfolios 
pay at least the spread. The unsecured loans are using zero floor, which means that 
the negative rates can decrease spreads, but the minimum rate must be at least 
zero (no negative income). In Finland those floors are allowed for banks by law 
(Finanssivalvonta, 2016).  There are only a couple items that are not floored. the 
loans and advances to the credit institutions and the liabilities to the credit 
institutions do not have floors. Also, the corporate checking accounts are not floored. 

The repricing is following the underlying indices and when it comes to deposits and 
issued bonds, we assume that they are fixed to some specific time interval, for 
example 2-years or 5-years and then repriced again. All the used data and 
parameters can be seen in appendices 2 and 3. 

 

6.2 Scenario analysis  
 

The scenario analysis was done in five phases and by using seven different 
scenarios. The process is presented in figure 13 below.  
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Figure 13. Simulation process 

The first two phases were done for the purpose of comparing the stochastic balance 
sheet and the NII modelling with more traditional method, where only one or a couple 
of balance sheet structure/s are used (see. e.g. Alessandri and Drehmann, 2010; 
Aikman et al., 2011; Abdymomunov and Gerlach, 2014; Grundke and Kühn, 2019). 
In the third phase we compared the results from the first two phases to examine 
what are the possible benefits of using the stochastic balance sheet and spread 
scenarios. In the fourth phase we conducted further analysis to examine the optimal 
amount of balance sheet and spread scenarios, what are the effects if the balance 
sheet growth rates are lower and how the use of interest rate floors effect the results. 
Finally, in phase five we summarized the results of all the tested scenarios. 

The scenarios used in our analysis are summarized in table 6 and shortly described 
below. 

Table 6. Constructed scenarios 

 
The scenarios are constructed in a way that we can test the key properties of our 
simulation framework and derive comprehensive conclusions from it. Scenario 1 is 
a base case scenario where we use constant growth rates and spreads for all the 

Phase 1

• Simulations using more traditional methods to create 
baseline estimates for further analysis.

• Scenarios 1 and 3 

Phase 2

• Simulations using stochastic modelling techniques to 
create stochastic estimates for further analysis.

• Scenarios 2 and 4

Phase 3

• Comparison of the results from phase 1 and phase 2 
to understand the possible benefits of using 
stochastics simulations in net interest income 
calculations.

Phase 4

• Further analysis to verify and validate the key 
features of the constructed framework.

• Scenarios 5, 6 and 7.

Phase 5

• Summarizing the results from all the scenarios to 
evaluate the model reliability and the use of 
stochastic simulations.

S1: What is the NII and balance sheet value for the best guess 
estimate? 
S3: What are the possible best guess NII estimates when 
shocked with stochastic yield curve shocks?

Simulation process Questions to be answered

S2: What are the NII estimates and variations of estimates 
while using stochastic balance sheet and spread scenarios?
S4: What are the NII estimates and variations while using joint 
effects of stochastic yield curve and balance/spread 
scenarios?

S5: Is 5000 balance sheet and spread scenarios enough to 
capture all the important effects of stochastic balance sheet 
and spread scenarios?
S6: How the effects of using stochastic balance sheet and 
spread scenarios change while using lower growth estimates?
S7: What are the effects of using interest rate floors?

What are the possible benefits of using stochastic balance 
sheet and spread scenarios compared to more traditional 
modelling techniques?

Are the results from the simulations realistically calculated and 
is there significant benefits of using stochastic balance sheet 
and spread scenarios?

S = scenario

Scenario BS-scenarios IR-scenario Total scenarios Description
1 1 5 5 Constant growth scenario with constant spreads, only forward rates.
2 5000 5 25000 Stohastic growth and spreads, 5000 bs-scenarios, only forward rates.
3 1 205 205 Constant growth  and spreads, stochastic yield curves.
4 5000 205 75000 Stohastic growth and spreads, 15000 bs-scenarios, only forward rates.
5 15000 5 1025000 Stohastic growth and spreads, stochastic yield curves. 1025000 scenarios.
6 5000 5 25000 Stohastic growth and spreads with low growth rates.
7 5000 5 25000 Stohastic growth and spreads, 5000 bs-scenarios, no floors.



 57 

assets and liabilities trough the simulation period. The used growth rates and other 
parameters are shown in appendix 2 and 3. Scenario 1 will be the scenario which 
we will use to compare the results from the other scenarios. It only has one balance 
sheet scenario and forward rates, which includes the basic parallel yield curve 
shocks (-2,-1,+1 and +2).  

Scenario 2 holds stochastic growth rates and spreads with 5000 different balance 
sheet scenarios. We calculate the NII for every balance sheet scenario and for each 
of them the basic yield curve shocks. The limits for growth rates and spreads are 
calculated by allowing the constant rates from scenario 1 to fluctuate in certain limits. 
For the first year the limit is 10% below and over the constant values. For The 
second year the limit is 25% and for the last three years 35%. The rest of the 
parameters (amortizations etc.) are the same as with scenario 1. The used 
parameters can be seen in appendix 4. The purpose of scenario 2 is to test how 
much of an effect the stochastic spreads and growth rates will have to the NII 
estimates, compared to the one single balance sheet scenario.  

The scenario 3 use the same parameters and constant growth rates as we did with 
scenario 1. However, in this scenario we add 200 stochastic yield curve scenarios 
(+5 basic scenarios) and calculate the NII for all of them. Scenario 4 contains 3000 
stochastic balance sheet/spread scenarios and the same 205 yield curve scenarios 
that scenario 3 had. This will produce 615 000 NII estimates. This scenario is 
compared to scenario 3 to see if the united balance sheet and interest rate scenarios 
can reveal significantly different results than when only using the stochastic yield 
curve shocks with one balance sheet scenario. This scenario also gives valuable 
information regarding the calculation times of our model. In scenario 5 we calculate 
15000 balance sheet scenarios. We compare these results with scenario 2 to see if 
the average NII estimates and confidence intervals differs significantly if we add 
more balance sheet scenarios. Scenario 6 is calculated by using lower growth rates, 
but all the other parameters will remain the same. This will test what kind of effect 
the balance sheet scenarios have on the NII estimates if the bank growth rates are 
lower. In this scenario the initial balance sheet items hold the main role for income 
generation, so we assume that low growth rates would not have as significant effect 
on the confidence intervals as it would with higher growth rates.  

The last scenario, scenario 7 is similar with scenario 2, but we don’t use any floors. 
We assume that the negative rates will have a significant impact for both sides of 
the balance sheet. For all the scenarios we use the same repricing characteristics, 
floors (except scenario 7), credit loss rate and average spread for initial balance 
sheet items. All the Monte Carlo and GBM-simulations are made by resetting the 
random number generator by using “rng(0)”, which makes the results reproducible.  
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6.3 Simulation results 
 

For simplicity, we present the forecasted simulation results by using aggregated 
measures. The results are aggregated from monthly estimates to yearly estimates, 
but the simulations have been done in a monthly basis. Also, we mainly present the 
aggregated total values of NII and the balance sheets, thus the results will not be 
shown in the item level. However, some scenarios are presented more accurately 
(item level estimates) to provide the readers a better understanding of the dynamics 
behind the results. 

Balance sheet forecasting results for scenarios 1 and 2 

The constant growth balance sheet values from scenario 1 are presented in table 7 
below by using the growth rates and parameters shown in appendices 2 and 3. With 
our parameters the constant growth balance sheet grows from 3,4 billion euros to 
8,2 billion euros in the five years simulated. The average growth rate we use is 
approximately 19% p.a. and the OmaSP’s realized balance sheet growth in 2019 
was around 17% (Oma Savings Bank Group, 2019b). It means that if OmaSP will 
grow at the same speed they will at least double their balance sheet value in the 
next five years. 

Table 7. Constant growth balance sheet values from scenario 1 

 
Such a high growth rate might be hard to maintain for the next 5 years and therefore 
in scenario 2 we simulate 5000 stochastic balance sheet scenarios with different 
growth rates. The simulation results from scenario 2 are shown in table 8. As we 
can see, the one constant estimate from scenario 1 and the average growth rates 
in scenario 2 are quite close to each other. This is of course an expected outcome 
since the constant growth rate used is the average of the upper and lower bounds 
used as Monte Carlo simulation limits in scenario 2.  

This is also relevant from a business perspective, since the parameters used in 
scenario 1 can be perceived as the best guess estimates of the future development 
of the balance sheet. Since the growth rates are high, we should probably set the 
lower bounds much lower to get more realistic estimates. For example, such a high 
growth rate would be hard to maintain for the whole period and it is probably more 
realistic to assume that the growth rate will be lower than much higher in the future. 
This is of course just speculation and the business decision makers should set the 
lower and upper limits in realistic way. 
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Table 8. Forecasted balance sheet values and statistics from scenario 2 

 

 
The development of the balance sheet scenarios is visualized in figure 14. The 
figure demonstrates how the variation amongst the scenarios grows in later years 
of the simulation period. The maximum simulated balance sheet value is almost 8,7 
billion euros in the year 5, and the minimum is close to 7,9 billion euros, while the 
best guess estimate in scenario 1 was 8,2 billion euros.  Because almost all the 
tested scenarios use these same balance sheet estimates and as we can see the 
variation grows in the later years, we are focusing on the last years of the simulation 
period from later on.  

 
Figure 14. Simulated balance sheet scenarios from scenario 2. 
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In figure 15 we can see the probability distribution for the total balance sheet values. 
In the final year of the simulation period the 95% confidence interval (CI) is [8045M, 
8468M]. Although the CI is not big it can still have a significant impact on the NII 
results. As explained earlier, the presented Cis values as aggregated total balance 
sheet values. We calculate stochastic growth rates for every balance sheet item, so 
even if the total balance sheet values are close to the base case scenario 1, there 
can still be large differences regarding how the different asset and liability classes 
have allocated. For example, with the same total balance sheet value another 
scenario could have a more expensive non-core funding such as bonds, while 
another scenario would be mainly funded by a cheaper core funding like deposits. 
In this thesis we do not discuss the different balance sheet scenarios in more detail, 
but we are still able to get some insights from said variations based on the NII 
results. 

 

Figure 15. Probability distributions for simulated balance sheet values for year 4 and 
year 5 from scenario 2 

In scenario 2, the undefined portfolio, which balances the balance sheet after every 
simulation step, stayed reasonable within the parameters that were used (see 
chapter 5.2). The median of the maximum values of the undefined portfolio was 81 
million euros and the average value was 109 million euros. 90 percent of the 
maximum values of the undefined portfolio stayed under 248 million euros and 
almost all the maximum values occurred in the final year of the simulation period. 

Probability distribution: Year 5

8 8.1 8.2 8.3 8.4 8.5 8.6
BALANCE SHEET VALUE 109

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

PR
O

BA
BI

LI
TY

pr
ct

ile

pr
ct

ile

Probability distribution: Year 4

6.65 6.7 6.75 6.8 6.85 6.9 6.95 7 7.05 7.1
BALANCE SHEET VALUE 109

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

PR
O

BA
BI

LI
TY

pr
ct

ile

pr
ct

ile



 61 

This means that in almost all of the scenarios the undefined portfolio did not have a 
significant effect to the NII results (relatively small portion of the total balance sheet 
value. see. table 8).  

In the undefined portfolio, the largest single value for one balance sheet scenario 
was 719 million euros in the asset side of the balance sheet. In real life this would 
mean that the bank would have a vast amount of cash reserves that do not generate 
any income for the NII calculations. Further, it means that the liability side is 719 
million larger by defined items like for example deposits and those pay interest 
expenses. This scenario would be of course affected in some level by the undefined 
portfolio. As mentioned earlier we did not set any interest rates for the undefined 
portfolio. One way to overcome this issue would be to give an average interest rate 
for the undefined portfolio. Another way to solve the problem would be to pre-define 
the asset or liability classes where the exceeded amount is added. The latter one is 
used widely in the literature ( see e.g. Alessandri and Drehmann, 2010; Drehmann, 
Sorensen and Stringa, 2010; Aikman et al., 2011; Grundke and Kühn, 2019).  

 

NII results from scenario 1 

The NII results of scenario 1 in the five different interest rate shocks is presented in 
table 9. The NII estimate for the first year in the base case scenario is 45,56 million 
euros and OmaSP’s realized NII for the year 2019 was 57,22 million (Oma Savings 
Group, 2019b). This is almost exactly what our one percent positive shock estimated 
for the following year. While we did not put any major effort to the parameter setup 
and our forward rates are calculated in a very simplified way, the model still gets 
results that are pointing to a somewhat right direction. 

Table 9. Simulated NII results from scenario 1 

 
As we can see from the table 9 the positive interest rate shocks will have more effect 
on the NII estimates than the negative interest rate shocks in the first years of the 
simulation horizon. This illustrates the effect of the interest rate floors. The forward 
rates that we used as base rates stay negative for almost the whole simulation 
period (see figure 8 in chapter 5.3). This means that the current flexible rate 
mortgage loans and corporate loans are already paying only the spreads and zero 
percent from the Euribor rate. Therefore, when said loans are floored, the negative 
shock does not affect to the loan income at all. The positive 2 percent shock will 
increase the NII estimate for the first year by 69 percent whilst the negative 2 percent 
shock only lowers the NII by 36,3 percent, when comparing against the base case 
estimates.  
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In the second year of the simulation the situation remains almost the same, but in 
the third year the difference between the negative and positive shocks starts to 
narrow. Finally, in the fifth year of the simulation the difference between the shocks 
is almost gone (2 = +43% and -2 = - 40%), which is explained by the growth of the 
interest expenses in positive shock scenarios. This is a good illustration of the 
liability side term structure of our hypothetical bank. The most expensive liabilities 
like the bonds issued are fixed rate bonds (or longer maturities), which are not 
affected immediately by the positive shocks. However, when time goes on the newly 
issued fixed rate bonds start to hold a bigger portion of the total balance sheet and 
the interest expenses start to grow (due to the effects of the higher interest rates). 
In the negative shocks the funding comes in cheaper, but not in a major scale 
because the funding is already almost free for the banks within the base case 
scenario. This effect can be seen from appendix 5, where the item level yearly 
interest cashflows from the assets and liabilities in the base case versus the positive 
2 percent shock, and the base case versus the negative 2 percent shock are 
presented. 

As we can see from the same appendix, the income difference from the mortgage 
loans and corporate loans stays nearly constant through the entire simulation 
horizon in the negative 2 percent shock. This happens because said loans are not 
getting any income from the Euribor in the base case scenario either. Thus, it does 
not matter how low the Euribor’s fall. The only loans that are affected by the negative 
shock are the unsecured consumer loans and other loans. These loans have only 
floored to zero so the negative shock will also eat the profits from the spreads.  

The repricing effects can be seen from the unsecured loans in the appendix 5. We 
clearly see that in the first year of the simulation period the NII difference between 
the base case scenario and the negative 2 percent scenario is not that significant. 
The difference in the first year mainly comes from the issuance of newly generated 
items. After one year, when the repricing of the initial balance sheet assets has 
occurred, the shocks will have a much higher impact on the NII. Another good 
example from the repricing characteristics is the other loan class in the asset side 
in the negative shock scenario. Other loans generate almost 2,8 million euros of 
income in the first year but in the second (when all the assets in that class are 
repriced) it starts to pay zero income, and it keeps to zero for the whole simulation 
period. As mentioned above, the negative shock does not have a significant effect 
on the liability side, which we can see from the same appendix 5.  

 

 

NII results from scenario 2 

The NII results of scenario 2 are presented in table 10 below. It calculates 5000 NII 
estimates for every shock and a total of 25000 NII estimates. As we can see, the 
average and median estimates are almost similar with the single estimates of 
scenario 1, which are presented in table 9. This was again an expected outcome 
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since the constant growth rates used in scenario 1 were in the middle of the upper 
and lower limits that we used in our stochastic process in scenario 2 (see 
appendixes 2 and 4). 

Table 10. NII results and statistics from scenario 2. 

  
In scenario 2 the averages and medians are not that interesting, but we are more 
interested in the confidence intervals and what are the possible maximum and 
minimum NII estimates. As we can see from the table above, the minimum and 
maximum values differ from the average estimates and with scenario 1 estimates. 
The standard deviations are also growing a lot during the simulation period, 
especially when it comes to the positive shocks. In the negative shocks the floors 
lower the deviations, which was an expected outcome.  

The confidence intervals of the base case scenario are presented in table 11. The 
probability distribution figures are presented in appendix 8 for the last two years of 
every shock. The CI for the base case estimates in the year five is 95% [103,38M, 
114,92M]. When comparing this interval to the scenario 1 single point estimate 
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(109,97M), we can see that the variation in the 95% confidence level can be 
approximately 10 percent when compared to that scenario. In the fourth year the CI 
is 95% [83,44M, 92,28M], which gives the possible variation around 9 percent 
compared to average scenario and also compared to scenario 1’s single point 
estimate (87,83). The confidence intervals in the first two years are not as wide as 
the intervals in last years, which we can see from the table 11.  

The effects of stochastic growth rates and spreads are not that significant, but they 
can still have an impact on the accrued NII estimates for the simulation period. For 
example, if each year the bank is on the lower bound of the 95% confidence interval, 
the accrued income from the five-year time would be almost 15 million lower than 
with the scenario 1 estimates.   

Table 11. Confidence intervals for scenario 2 NII estimates. 

 
The confidence intervals in the shocked scenarios are wider than in base case 
scenario. The interesting result is that the positive shocks expand the confidence 
intervals less than the negative shocks when compared against the average 
estimates. For example, the 95% CI in the negative 2 percent shock gives the 
possible variation in the fifth year a 15.45% when compared to the average estimate 
in the 2 percent negative shock. The same variation in fifth year for the 2 percent 
positive shock is only 11,90%. Our initial guess was that the interest rate floors 
would give protection against the lowering interest rates thus the confidence interval 
would be narrower in negative shocks.  

To get more insight from the phenomena mentioned above we simulated scenario 
2 again with one difference, we kept the stochastic spreads constant. The 
confidence intervals of these results can be seen from the appendix 8. The scenario 
revealed two interesting outcomes. Firstly, the difference in the NII estimates 
between scenario 2 with stochastic spreads and without stochastic spreads are not 
significant. The second outcome is that now the above-mentioned situation was 
changed, and the confidence intervals were wider in the positive shock scenarios 
and narrower in the negative shock scenarios. The logical explanation is that in the 
negative shocks most of the balance sheet items pay only the interest from the 
spreads, so the stochastic spreads have a significant effect to the income 
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generation. Thus, the stochastic spreads in the negative shocks affect the variations 
of the NII estimates relatively more than they do in positive scenarios, where most 
of the income is coming from the market rates and not from the spreads.  

To sum this up, the use of stochastic growth rates and spreads can play an important 
role when forecasting the future development of NII. While the variations from the 
average scenario are not that large with our parameters, the maximum and 
minimum estimates can vary a lot from the single point estimate or the best guess 
scenario. Said extreme scenarios can reveal interesting underlying vulnerabilities 
on the banks’ balance sheet structures, which constant scenarios might miss. All 
the probability distributions figures and tables related to scenario 2 can be seen from 
the appendix 8.  

 

Scenarios 3 and 4 

For scenarios 3 and 4 we do not present any results from the balance sheet 
simulations. Scenario 3 has the same balance sheet and parameters as scenario 1 
and the only difference is that we use 200 stochastic forward rate shocks to calculate 
the NII results. Scenario 4 uses the same stochastic balance sheet scenarios and 
spreads with scenario 2 and the only difference is that it uses the first 3000 balance 
sheet scenarios. All the generated stochastic balance sheets are shocked with the 
same 200 forward curve shocks. Scenario 4 has a total of 625 000 different NII 
estimates. The purpose of scenarios 3 and 4 is to examine if the united effects of 
stochastic balance sheets and forward rate shocks will differ significantly from the 
more common situations, where there are only one or a few balance sheets that are 
shocked with different forward rate shocks (see e.g. Abdymomunov and Gerlach, 
2014). The used forward rate shocks can be seen from figure 16 below.  
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Figure 16. The forward rate shocks used in scenarios 3 and 4. 

The results from scenario 3 are shown in table 12 and figure 17. As we can see,  
unlike with the stochastic balance sheet simulations the minimum and maximum 
values can vary a lot in every year of the simulation and for example in the fifth year 
the maximum value could be almost as high as 230 million euros and the minimum 
value as low as 21,5 million euros. By using stochastic yield curve shocks the 
standard deviation in the first year is bigger than in the positive 2 percent shock in 
the fifth year in scenario 2. In the last year of the simulation, the standard deviation 
of scenario 3 estimates is almost 10 times larger than it was with scenario 2 
estimates using the positive 2 percent shock.  

We can clearly say that the change in interest rates have a much more significant 
impact on the NII estimates than in the balance sheet scenarios. This is of course 
an expected outcome and it is also good to remember that our GBM-model is not 
that realistic. The results of our estimates still point in the right direction, but the 
magnitude of the real effects of the interest rate shocks are much harder to observe 
with these imprecise yield curve estimates. In addition, 200 simulated yield curves 
might be too low of a number of shocks and it could leave some important effects 
unnoticed. We also calculated the same setup with more yield curve shocks, and it 
did not dramatically affect the NII estimates. The results can be seen in appendix 9. 
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Table 12. The forecasted NII estimates and statistics from scenario 3 

 
Figure 17 shows the visualized NII estimates from scenario 3. In the figure we can 
clearly see the effects of the interest rate floors. The distribution of the NII estimates 
is left skewed (see also the probability distributions in appendix 9). This is because 
the interest rate floors eliminate the effects of negative interest rate shocks. As we 
can see there is no scenarios where the NII falls under 20 million euros. The most 
likely estimates are around 100 million euros, but the most positive scenarios can 
generate huge NII estimates. The upside is not bounded like the downside, which 
explains the shape of the distribution in low interest rate environment. 

 It is however necessary to notice that there is still a “cap” for the upside as well. 
This effect can be partly handled with our model. When the interest rate starts to 
rise rapidly it first has an effect to shorter maturities (in our case e.g. to the asset 
side items), which rapidly increases the NII estimates. After a while, the funding 
becomes more expensive, which prevents the NII from growing indefinitely as we 
saw in scenario 1 regarding the positive shocks (see. appendix 5). In a real-life 
scenario, a high interest rate environment would also slow the economy which in 
turn decreases the amount of loans sold and increases the banks’ credit losses as 
explained in literature review (see. Vašíček, 1977). Therefore, even if there are not 
any determined restrictions like floors, the upscale is also “bounded” in a way. As 
mentioned, our model does not handle all the effects mentioned above. For 
example, the biggest NII estimate in the fifth year of the simulation was 227 million 
euros but in the real world that would not be a realistic scenario since it would be 
quite unrealistic to assume that we can sell mortgage loans with almost a 20 percent 
growth rate in a high rate environment and that credit losses would not be affected 
by the higher interest rates. 
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Figure 17. The forecasted NII estimates from scenario 3 (The NII in y-axis is 
provided in EUR) 

While these scenarios do not always provide realistic estimates, they are still suited 
for testing the united effects of stochastic balance sheet scenarios and the 
stochastic yield curve shocks. The results for scenario 4 are shown in table 13. As 
we can see the differences between scenario 3 and scenario 4 are not that 
significant when comparing the averages, median or standard deviations. On the 
other hand, the extreme scenarios can still vary a lot. For example, the maximum 
NII estimate in the fifth year of scenario 4 is 46,43 million euros larger than the 
corresponding estimate in scenario 3. In addition, the first and last quartiles differ a 
little less than 10 percent in the last 3 years. These results indicate that the united 
effects can reveal interesting outcomes and insights especially from the most 
extreme scenarios and it would be interesting to investigate what are the balance 
sheet and interest rate paths which cause the worst-case estimates or the best 
possible outcomes. The probability distributions and rest of the statistics for scenario 
4 can be found in appendix 10.  
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Table 13. The NII estimates and statistics from scenario 4. 

 
Scenario 4 had a total of 615 000 NII estimates which made it a good scenario to 
test the complexity of the model and its computational times. We used an old Mac 
Book Air laptop from 2013, so the computational power was not optimal. The 
calculation time was approximately 75 hours which is too much for daily use. With 
the newest laptops and cloud technology the calculations times should be 
reasonable for the daily use. Scenario 2, which had 25000 NII estimates, took 
around 2 hours to calculate with our laptop. 

 

Scenario 5 15000 stochastic balance sheet and spread scenarios 

In scenario 5 we test how the estimates change when we add more balance sheet 
scenarios than what we had in scenario 2. In this scenario we calculated 15000 
balance sheet and spreads scenarios, while the other parameters and growth rates 
remain unchanged. The results from can be seen from figure 18 and table 14 below. 

 
Figure 18. 15000 simulated stochastic balance sheet scenarios in scenario 5. 
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Table 14. Forecasted NII estimates and statistics from scenario 5. 

 
Figure 18 and table 14 clearly indicate that adding 10000 scenarios will not change 
the NII- or balance sheet estimates almost at all. The effects for the confidence 
intervals were also marginal in every scenario which can be seen from appendix 11. 
This clearly indicates that with our quite conservative variation limits (especially the 
set limits for spreads), the 5000 balance sheet scenarios are enough to capture all 
the essential effects related to the effects from growth rate and spread variations. 
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Scenario 6: the low growth scenario 

In scenario 6 we used lower growth parameters than what we had in scenario 2. 
The rest of the parameters remained the same. The purpose was to test if the lower 
growth estimates (the initial balance sheet affects the NII more) lowers the variations 
and CI’s between the NII estimates. The used growth parameters can be seen from 
appendix 6. 

The simulated balance sheet values can be seen from the table 15 and figure 19 
below. As we can see, the total value of the balance sheet will grow on average 
from 3,4 billion euros to 4,4 euros billion in the simulation horizon. The average 
balance sheet value in the year 5 in scenario 2 was around 8.2 billion euros. This 
means that role of the initial balance sheet is much more commanding in scenario 
6 than it is in scenario 2. For example, in the fifth year of scenario 6 around two 
thirds of the total balance sheet value came from initial balance sheet items. On the 
other hand, in the fifth year of scenario 2 only one third of the total value was in the 
initial balance sheet. 

 
Figure 19. Balance sheet estimates from low growth scenario 6. 

The maximum balance sheet value in the fifth year is a little bit over 4,5 billion euros 
and the minimum balance sheet value is 4,4 billion euros while the CI 95% is 
[4432,74M, 4501,28M] in scenario 6. The total balance sheet value varies for only 
2 percent in the 95% confidence level from the average scenario, which is not much. 
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The 95 CI’s can be seen from appendix 12. With the higher growth estimates in 
scenario 2 the variation from the average scenario was approximately 5 percent. 

 

Table 15. Balance sheet estimates for low growth scenario 6. 

 
The NII results are presented in table 16. The average NII in the fifth year of the 
simulation is estimated to be 57,57 million euros, which is approximately half of the 
estimated corresponding NII in scenario 2. When we compare the average base 
case estimate to the shocked estimates in scenario 6, we can clearly see that the 
difference in positive shocks are much bigger than in the negative shocks. Also, 
when comparing the scenario 6 averages to the averages in scenario 2, we can 
clearly see that the positive shocks scenarios have relatively much bigger impact 
with low growth rate. On the other hand, the negative shocks with higher growth 
rates have a larger effect. For example, in the fifth year, the positive 2 percent shock 
will differ from the base case average approximately 88%, while the negative 2 
percent shock only differs for 19% in scenario 6.  In scenario 2 these same values 
were 43% percent in the positive 2 percent shock and 40% in the negative 2 percent 
shock.  
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Table 16. The NII estimates and other statistics from scenario 6. 

 
The effect discussed above come from the portions of the initial balance sheet 
compared to the total balance sheet value. As mentioned above the initial balance 
sheet has a more significant part in the income generation with lower growth rates. 
This means that in a negative shock the loans only pay the spreads and the liability 
side expenses are mostly close to zero. The only asset class which pays expenses 
is the bonds to public, but the biggest portion of those are fixed rate items. This 
means that the negative shock does not have that much of an effect for the income 
generation. On the other hand, the positive shocks do not increase the interest 
expenses of those initial balance sheet bonds. The shock only has an effect to the 
newly generated items. Now, when the growth rate is not high, the expenses do not 
grow as rapidly as they would with higher growth rates, which was discussed with 
scenarios 1, 2 and 3.  In the asset side the loans are mainly floating rate loans, so 
the income from loans rises rapidly when the initial items starts to reprice. This is an 
interesting outcome, and it shows some of the new dynamics seen in finish banking 
markets in recent years when the interest rate levels have been negative. 
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Table 17. The confidence intervals from the NII estimates of scenario 6. 

 
The CI’s from scenario 6 are presented in the table 17 above. The fifth year CI 95% 
in the base case scenario is [55,73M, 59,42]. Relatively, the widest confidence 
interval is on the negative 2 percent shock which allows the NII to variate 
approximately 8 percent from the average scenario. The negative shocks have a 
relatively larger effect to the confidence intervals. This is the same results that we 
discussed with the scenario 2 results. Since the growth rates are now lower, the 
stochastic spreads have a much higher impact to the NII estimates, which will 
increase the NII variation in the negative shocks. In the positive shocks, most of the 
income is coming from the market rates, so the variation in spreads have a relatively 
insignificant role. In conclusion, it seems that with our parameters the positive 
interest rate shocks have more impact to average estimates in negative interest rate 
environment than the negative shocks do. When observing the confidence intervals, 
the negative shocks widens the intervals more than the positive shocks. 

 

Scenario 7: no floor scenario 

The last tested scenario is the same as scenario 2, but in this scenario, we disabled 
all the interest rate floors from the income calculation. The NII estimates without 
floors are presented in figure 20 below. 
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Figure 20. The NII estimates from the no floor scenario 7. (The NII in y-axis is 
provided in EUR) 

The positive shock scenarios will not differ that much when removing the floors, 
especially in the later years of the simulation period, which was an expected 
outcome. The most interesting results comes from examining the negative shocks. 
Table 18 presents the simulation results.  
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Table 18. The NII estimates and statistics from scenario 7. 

 
The results show that the positive shocks will not have much of a difference when 
compared to the results of scenario 2. The results regarding the negative shocks 
clearly differ from scenario 2, especially when it comes to the first years of the 
simulation. The minimum NII is -1,5 million euros in the negative 2 percent shock in 
the second year. This is a good example of how repricing works, since the negative 
income will not occur in first year since most of the loans haven’t been affected by 
the shock.  

Interestingly enough the last years of the simulation period will not differ that much 
between no floor and with floor scenarios in the negative shocks. The answer for 
why this happens can be seen from the appendix 7, which shows more detailed 
cashflow calculations from scenario 7. The NII calculation in 2 percent negative 
shock without floors turn the balance sheet upside down.  As we can see from the 
appendix, the loans in the asset side become expenses to the bank and the liability 
side starts to generate interest income. This leads to a situation where the liability 
side generates almost the same amount of income to the bank as the asset side in 
scenario 2. On the other hand, the loans in the asset side will generate interest 
expense for the bank which keeps the NII level almost the same with scenario 2.  
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Summary of the results 

The table 19 below describes the key insights from the separate scenarios used in 
our analysis.  

Table 19. Key results from tested scenarios 

 
 

As we described in chapter 6.2, the first four scenarios were conducted to 
understand the possible benefits of stochastic modelling of balance sheet and 
spreads. The results implicated that the variations and confidence intervals are not 
that wide, but the most extreme scenarios can variate a lot from the average 
estimates or the single best guess estimate.  Based on the results of all the 
scenarios we can summarize that our simulation framework calculates the different 
characteristics and NII estimates realistically and we did not find any 
inconsistencies. We found that the use of stochastic model seems to be a more 
realistic approach to forecasting the future development of the NII compared to a 
single point estimate. Especially the traditional methods might not reveal the most 
extreme scenarios revealed by the stochastic model.  

 

 

 
 

  

Scenario BS-scenarios IR-scenario Total scenarios Description Key results

1 1 5 5

Constant growth scenario with constant 
spreads, only forward rates.

The positive interest rate shocks have higher effect to the NII estimates in the 
first years of the simulations because of the effects of the interest rate floors. 
The difference disappears in later years of the simulations when the newly 
generated liabilities starts to hold a bigger portion of the total value of the 
balance sheet and generates interest expences in positive shocks.

2 5000 5 25000

Stohastic growth and spreads, 5000 bs-
scenarios, only forward rates.

The variations from average scenario are not that large, but the most extreme 
scenarios vary a lot from the average estimate. Negative interest rate shocks 
have a higher effect on the confidence intervals than the positive shocks, while 
the positive interest rate shocks have a higher effect on the average estimates, 
when comparing the shocked scenarios against the market rate scenario.

3 1 205 205
Constant growth  and spreads, stochastic 
yield curves.

The change in interest rates have much higher effect to the NII estimates than 
the effects of the stochastic balance sheet/spread scenarios. 

4 3000 205 615000
Stohastic growth and spreads, stochastic 
yield curves. 615000 scenarios.

The joint effects of the stochastic yield curves and balance sheet/spread 
scenarios grows the scenario result variations especially close to the most 
extreme scenarios (minimum and maximum).

5 15000 5 75000
Stohastic growth and spreads, 15000 bs-
scenarios, only forward rates.

The use of 15000 balance sheet/spread scenarios do not have a significant effect 
to the NII estimates compared to the results from the 5000 balance sheet and 
spread scenarios.

6 5000 5 25000

Stohastic growth and spreads with low 
growth rates.

The use of lower growth rates lowers the confidence intervals compared to the  
higher growth rate scenario. The positive interest rate shocks have relatively 
higher effect to NII estimates with lower growth rates and negative shocks have 
higher effect to NII estimates with higher growth rates. 

7 5000 5 25000
Stohastic growth and spreads, 5000 bs-
scenarios, no floors.

The use of floors have a crucial effect to the NII calculations and to get realistic 
results. Without iterest rate floors bank must pay interest from the loans 
provided to the public and the depositors must pay for their deposits to bank.
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7 CONCLUSIONS 
 

The objective of this thesis was to create a detailed model to forecast banks’ balance 
sheet development and the net interest income. We were especially interested if 
there are any significant benefits in using stochastic balance sheet/spread scenarios 
as a base for deriving net interest income estimates compared to the more typical 
models where only a few balance sheet structures are used (see e.g. Alessandri 
and Drehmann, 2010; Aikman et al., 2011; Grundke and Kühn, 2019). Another goal 
was to generate an easy to use tool for the needs of banks’ managers and analysts. 
The biggest challenge was to be able to generate thousands of NII estimates in a 
way that the calculation times stayed reasonable while having the cashflow 
calculations stay on a very detailed level.   

To test our simulation framework, we built seven different scenarios, which’s 
purpose was to reveal the functionalities of the key properties of our model. The 
tested scenarios revealed some interesting outcomes. The key components of our 
simulation framework included detailed repricing of assets and liabilities, use of 
interest rate floors and forecasting the banks’ balance sheet and NII in the future.  
The results of this study pointed that our model handles the repricing of assets and 
liabilities as we intended, and we did not find any inconsistencies in the NII estimates 
related to the repricing characteristics. We showed that the repricing seems to work 
in a detailed level, and that it could capture the effects very realistically. On the other 
hand, the testing process was not that thorough, and it would be necessary to derive 
more thorough tests to get more reliable results. For example, we could test our 
framework against other models. 

The handling of the negative interest rate environment and the use of interest rate 
floors similarly revealed some interesting results. The effects of the negative interest 
rate environment have a significant effect on the typical banking business. For 
example, the rise of the interest rates can affect a lot of the banks’ net interest 
income while the negative interest rate shocks do not affect banks income in such 
a wide scale. These effects have not been widely discussed in the literature, and a 
closer consideration on this matter has been absent especially when it comes to the 
balance sheet simulation studies. (see e.g. Alessandri and Drehmann, 2010; 
Drehmann, Sorensen and Stringa, 2010; Aikman et al., 2011; Montesi and Papiro, 
2018; Grundke and Kühn, 2019).  

As mentioned, the most important goal was to test what kind of effect the stochastic 
balance sheet and spread scenarios will have on the future NII estimates. We 
pointed out in the literature review, that there is also a lack of studies  that 
concentrate to the stochastic forecasting of different balance sheet and spread 
scenarios (see e.g. Alessandri and Drehmann, 2010; Drehmann, Sorensen and 
Stringa, 2010; Aikman et al., 2011; Grundke and Kühn, 2019). The Montesis and 
Papiros’ (2018) study is the only study that does it, but the focus of their study is not 
in the detailed NII calculations.  
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The results implicated that the use of stochastic growth rates and spreads can 
provide some benefits to the banks’ cashflow forecasting compared to the models 
presented in literature. The variations from the average scenarios did not differ much 
from the one constant scenario, but the most extreme scenarios (minimum and 
maximum) where highly differing. If the banks’ future development follows the most 
unlikely scenarios, the effects could be crucial to the bank’s profits. These extreme 
scenarios are of course highly unlikely to occur, but still, the scenarios in the lower 
or the upper bounds in the estimates can reveal interesting underlying vulnerabilities 
on the banks’ balance sheet structures and give important information to the banks’ 
decision makers to manage their balance sheet in the right way.  

We also tested the combined effects of the stochastic balance sheet/spread 
scenarios and stochastic interest rate shocks. The results implicated that the interest 
rate shocks have a much higher effect to the NII estimates than what they have with 
only the stochastic balance sheet and spread scenarios. This is an expected 
outcome, since our simulation period is quite short for measuring the effects of 
changes in banks’ balance sheet structures. The changes in the interest rates 
almost immediately influence the banks income whilst the changes in the balance 
sheet structures take more time to be visible.  The combined effects of the stochastic 
balance sheet/spreads and stochastic yield curve scenarios grow the effects of the 
extreme scenarios compared to the usual methods where only the static balance 
sheet scenario is shocked with a large number of interest rate shocks (see e.g. 
Abdymomunov and Gerlach, 2014).  

The most interesting finding was that the changes in the average NII estimate in the 
interest rate shock scenarios are higher with positive than negative interest rate 
shocks when compared against the average NII estimates in the base case 
scenario. In our results the positive 2 percent shock had a higher effect on the 
average NII estimates than the negative 2 percent shock did. This result was even 
more clear when we used lower balance sheet growth rate limits in the simulations. 
The explanation is that the interest rate floors prevent the NII to fall in the negative 
shock scenarios, but the rising interest rates do not have any restrictions.  

However, the confidence intervals were pointing exactly in the other direction. When 
comparing the confidence intervals, the negative shocks expanded the intervals 
more than the positive shocks did. Our initial guess before simulation was that the 
interest rate floors narrows the confidence intervals in negative scenarios. Further 
research suggested that the reason behind this result is the use of stochastic 
spreads. In the negative interest rate environment, most of the balance sheet items 
already pay only the interest from the spreads, so the variations in the spreads have 
a much higher effect on the NII estimates.  This means that in these cases the 
stochastic spreads add more variability to the NII estimates, since the spreads are 
almost the only components to generate income in the negative shocks.  

The finding described above is very interesting because we are living in the negative 
interest rate environment for the first time in history. This is the actual situation in 
the market where the banks need to re-think some of the traditional business logics 
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that do not behave similarly in a negative interest rate environment. As we can see 
from the from appendix 4, the limits for the stochastic spread generation in our tested 
scenarios were not that wide and they still had a significant effect on the estimated 
confidence intervals. According to our results this means that in real life, where the 
customers can bid their spreads, the banks seem to be more vulnerable to the 
competition in the markets and the small changes in spread levels might be a key 
component in the banks’ success in negative rate environment.  

 

7.1 The limitations and future research 
 

The results showed that the stochastic growth and spread scenarios can have some 
advantages compared to the more typical models found in the literature. The 
presented simulation framework and its results still have many limitations to 
overcome in further research. For example, the lack of proper yield curve and credit 
risk models affects the reliability of our model and results. Also, the presented 
simulation framework did not include the correlations amongst interest rate 
development and growth/spread development, which might lead to some 
inconsistent scenarios. Adding the correlations between the interest rate shocks and 
stochastic growth/spread generation would provide more reliable estimates and less 
inconsistent scenarios (see e.g. Montesi and Papiro, 2018). Also, as mentioned 
earlier, the model should be tested more thoroughly to get more reliable results for 
the model’s accuracy.   

To overcome these issues, we could test our model for example by adding a more 
detailed yield curve model developed by Abdymomunov and Gerlach, (2014) or the 
model from Birges and Júdices (2013) study. We could also add a more realistic 
credit risk model which can be found in other similar studies (see e.g. Drehmann, 
Sorensen and Stringa, 2010; Aikman et al., 2011). This way we could use the 
benefits of our very detailed cash flow calculations and stochastic balance 
sheet/spread scenarios together with the benefits of their models. This approach 
might provide much more precise forecast estimates and also allow us to compare 
the models with the models out in the field. The liquidity modelling and the effects 
of off-balance sheet items like credit swaps could be also interesting to add later like 
Grundke and Kühn (2019) in their study. 

One very interesting topic for future research would be to investigate the structures 
behind the different scenarios more closely - especially the reasons behind the 
lowest and highest estimates could provide interesting insights to banks’ balance 
sheet management.  Another interesting topic for future research could be the 
phenomena related to stochastic spreads in the negative interest rate environment 
discussed above.  

In the end we want to highlight that even with the presented issues, our stochastic 
forecasting model still provides a useful tool for estimating the possible future 
scenarios of the banks’ net interest income and balance sheet development. The 
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future is always unpredictable, and we think that in the case of business planning it 
is better to get thousands of roughly right estimates than one or a couple of precise 
and highly detailed single “best guess” scenarios. Like Montesi and Papiro, (2018) 
we also want to citate the honored chief economist of Bank Of England Andrew G. 
Haldane (2009) who aptly stated:   

“Of course, all models are wrong. The only model that is not wrong is 
reality and reality is not, by definition, a model. But risk management 
models have during this crisis proven themselves wrong in a more 
fundamental sense. They failed Keynes’ test—that it is better to be 
roughly right than precisely wrong. With hindsight, these models were 
both very precise and very wrong.” 
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APPENDICES 
 

Appendix 1. The example calculation for the newly generated variable rate items 
𝐼𝐼𝑛𝑒𝑤𝐴𝑣!" that uses 2-year, 3-year or 5-year curve. For example, the 2-year 
calculation. 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣B" = 𝑇𝐵𝐴(1)B" ∗
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&'$(

&'⋯,$0
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0 9DE)*+(%))

3B
, 
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𝐼𝐼𝑛𝑒𝑤𝐴𝑣F" = 𝑇𝐵𝐴(1)F" ∗
($%
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&'⋯,$0
&

0 9DE)*+(%))

3B
 , 
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 … 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣BR" = 𝑇𝐵𝐴(5)BR" ∗
M
$(6
& '$(0

& '⋯,$38
&

0 9DE)*+(6)N

3B
+ 𝑇𝐵𝐴(1)BR" ∗

$(6
& '$(0

& '⋯,$38
&

0 9DE)*+(%)
3B

+

𝑇𝐵𝐴(2)BR" ∗
$1
&'$2

&'⋯,$%(
&

0 9DE)*+(()
3B

+ 𝑇𝐵𝐴(3)BR" ∗
$%3
& '$%5

& '⋯,$%2
&

0 9DE)*+(3)
3B

+ 𝑇𝐵𝐴(4)BR" ∗

(*%7
& 9*(8& 9⋯,*(5&

F
+ 𝑆𝑃$%&(Q))/12, 

… 

𝐼𝐼𝑛𝑒𝑤𝐴𝑣JG" = 𝑇𝐵𝐴(7)JG	" ∗
M$31
& '$32

& '⋯,$5(
&

0 9DE)*+(1)N

3B
+ 𝑇𝐵𝐴(1)JG" ∗

$(6
& '$(0

& '⋯,$38
&

0 9DE)*+(%)
3B

+

𝑇𝐵𝐴(2)JG" ∗
$38
& '$3%

& '⋯,$30
&

0 9DE)*+(()
3B

+ 𝑇𝐵𝐴(3)JG	" ∗
$31
& '$32

& '⋯,$5(
&

0 9DE)*+(3)
3B

+	𝑇𝐵𝐴(4)JG	" ∗
$%7
& '$(8

& '⋯,$(5
&

0 9DE)*+(5)
3B

+ 𝑇𝐵𝐴(5)JG	" ∗
$(6
& '$(0

& '⋯,$38
&

0 9DE)*+(6)
3B

+ 𝑇𝐵𝐴(6)JG	" ∗
$3%
& '$3(

& '⋯,$30
&

0 9DE)*+(6)
3B

, 

 

…, 𝑡 = 60. 
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Appendix 2. Initial balance sheet, growth rates, spreads and spreads for newly 
generated items. Used in scenarios 1 and 3. 
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Appendix 3.  Parameters for repricing, flooring, amortizations (newly and initial 
items), credit loss rate. (Used in all tested scenarios except scenario 7, where 
every item is no floor item.) 

 
*AmzN = amortization rate for newly generated items. 
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Appendix 4. Limits for Monte Carlo simulation for growth rates and spreads for 
every asset and liability item. (Used in scenarios (2), (4), (5), (7)) 

 

 
 

Assets
Min Max Min Max Min Max Min Max Min Max Min Max

Cash and cash equivalents 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans and advances to the credit institutions 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans and advances to the public and public entities

Mortgages to the public: variable rate 12M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: variable rate 6M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: variable rate 3M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: fixed rate 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,92 % 1,12 % 0,82 % 1,22 % 0,66 % 1,38 %
Mortgages to the public: Bank rate 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Unsecured loans to public: variable rate 12M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: variable rate 6M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: variable rate 3M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: fixed rate 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 1,88 % 2,30 % 1,67 % 2,51 % 1,36 % 2,82 %
Unsecured loans to public: bank rate 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans to the corporations: variable rate 12M 17,53 % 21,43 % 14,61 % 24,35 % 12,66 % 26,30 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: variable rate 6M 17,53 % 21,43 % 14,61 % 24,35 % 12,66 % 26,30 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: variable rate 3M 17,53 % 21,43 % 14,61 % 24,35 % 12,66 % 26,30 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: fixed rate 17,53 % 21,43 % 14,61 % 24,35 % 12,66 % 26,30 % 0,87 % 1,07 % 0,78 % 1,16 % 0,63 % 1,31 %
Loans to the corporations: bank rate 17,53 % 21,43 % 14,61 % 24,35 % 12,66 % 26,30 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Credit cards: variable rate 3M 8,74 % 10,68 % 7,28 % 12,14 % 6,31 % 13,11 % 7,20 % 8,80 % 6,40 % 9,60 % 5,20 % 10,80 %
Student loans: variable rate 12M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,50 % 0,50 % 0,50 % 0,50 % 0,50 % 0,50 %
Other loans: variable rate 12M 17,49 % 21,37 % 14,57 % 24,29 % 12,63 % 26,23 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %

Investment assets

Investments: variable rate 5Y 22,50 % 27,50 % 18,75 % 31,25 % 16,25 % 33,75 % 2,70 % 3,30 % 2,40 % 3,60 % 1,95 % 4,05 %
Investments: variable rate 12M 22,50 % 27,50 % 18,75 % 31,25 % 16,25 % 33,75 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

Shares of companies consolidated by the equity method 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Intangible assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Tangible assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Other assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Deferred tax assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y

Growth parameters Spreads

Liabilities
Min Max Min Max Min Max Min Max Min Max Min Max

Liabilities to cedit institutions 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Liabilities to the bublic and public sector entities

Checking accounts  to the public: fixed 17,10 % 20,90 % 14,25 % 23,75 % 12,35 % 25,65 % 0,00 % 0,00 % 0,00 % 0,02 % 0,00 % 0,05 %
Savings accounts to the public: fixed rate 17,10 % 20,90 % 14,25 % 23,75 % 12,35 % 25,65 % 0,00 % 0,00 % 0,00 % 0,02 % 0,00 % 0,05 %
Checking accounts to he corporations: fixed 17,10 % 20,90 % 14,25 % 23,75 % 12,35 % 25,65 % 0,00 % 0,01 % 0,00 % 0,05 % 0,00 % 0,10 %
Savings accounts to the corporations: fixed 17,10 % 20,90 % 14,25 % 23,75 % 12,35 % 25,65 % 0,00 % 0,01 % 0,00 % 0,05 % 0,00 % 0,10 %
Term deposits to the public: variable rate 12M 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,27 % 0,33 % 0,24 % 0,36 % 0,20 % 0,41 %
Term deposits to the public: fixed rate 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,36 % 0,44 % 0,32 % 0,48 % 0,26 % 0,54 %
Term deposits to the corporations: variable rate 12M 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,27 % 0,33 % 0,24 % 0,36 % 0,20 % 0,41 %
Term deposits to the corporations: variable rate 6M 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,18 % 0,22 % 0,16 % 0,24 % 0,13 % 0,27 %
Term deposits to the corporations: variable rate 3M 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,09 % 0,11 % 0,08 % 0,12 % 0,07 % 0,14 %
Term deposits to the corporations: 2Y 19,80 % 24,20 % 16,50 % 27,50 % 14,30 % 29,70 % 0,36 % 0,44 % 0,32 % 0,48 % 0,26 % 0,54 %

Debt securities issued to public
Bonds to public: variable rate  3Y 27,00 % 33,00 % 22,50 % 37,50 % 19,50 % 40,50 % 0,90 % 1,10 % 0,80 % 1,20 % 0,65 % 1,35 %
Bonds to public: fixed rate 20,70 % 25,30 % 17,25 % 28,75 % 14,95 % 31,05 % 0,12 % 0,14 % 0,10 % 0,16 % 0,08 % 0,18 %
Certificates of deposit: variable rate 6M 27,00 % 33,00 % 22,50 % 37,50 % 19,50 % 40,50 % 0,90 % 1,10 % 0,80 % 1,20 % 0,65 % 1,35 %

Subordinated liabilities: variable rate 12M 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Provisions and other liabilities 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Deferred tax liabilities 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Equity

Share capital 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Reserves 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Retained earnings 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Other 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

Growth parameters Spreads

2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y
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Appendix 5. Aggregated (from monthly to yearly) NII estimates from scenario 1. 

Base case estimates vs +2 parallel shock. 
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Base case estimates vs -2 parallel shock. 

 

 

 
 

 

 

 

 

Base case Shock -2 Diff. Base case Shock -2 Diff. Base case Shock -2 Diff. Base case Shock -2 Diff. Base case Shock -2 Diff.
Cash and cash equivalents 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Loans and advances to the credit institutions -0,30M -1,51M 1,21M -0,30M -1,51M 1,21M -0,30M -1,51M 1,21M -0,30M -1,51M 1,21M -0,30M -1,51M 1,21M
Loans and advances to the public and public entities

Mortgages to the public: variable rate 12M 3,87M 3,87M 0,00M 4,62M 4,62M 0,00M 5,52M 5,52M 0,00M 6,60M 6,60M 0,00M 8,13M 7,88M 0,25M
Mortgages to the public: variable rate 6M 2,00M 2,00M 0,00M 2,39M 2,39M 0,00M 2,86M 2,86M 0,00M 3,43M 3,43M 0,00M 4,15M 4,12M 0,03M
Mortgages to the public: variable rate 3M 2,04M 2,04M 0,00M 2,43M 2,43M 0,00M 2,90M 2,90M 0,00M 3,47M 3,47M 0,00M 4,14M 4,14M 0,00M
Mortgages to the public: fixed rate 0,63M 0,63M 0,00M 0,75M 0,75M 0,00M 0,92M 0,92M 0,00M 1,12M 1,12M 0,00M 1,36M 1,36M 0,00M
Mortgages to the public: Bank rate 0,93M 0,55M 0,38M 0,95M 0,51M 0,44M 1,00M 0,47M 0,53M 1,06M 0,43M 0,63M 1,15M 0,40M 0,75M

Unsecured loans to public: variable rate 12M 16,37M 13,26M 3,11M 19,56M 13,10M 6,46M 23,62M 15,90M 7,73M 28,73M 19,50M 9,24M 34,91M 23,87M 11,04M
Unsecured loans to public: variable rate 6M 8,40M 6,13M 2,28M 10,09M 6,72M 3,37M 12,26M 8,22M 4,04M 14,98M 10,14M 4,85M 18,28M 12,46M 5,82M
Unsecured loans to public: variable rate 3M 8,32M 5,72M 2,59M 9,98M 6,62M 3,35M 12,08M 8,08M 4,01M 14,70M 9,92M 4,79M 17,86M 12,14M 5,72M
Unsecured loans to public: fixed rate 0,66M 0,66M 0,00M 0,79M 0,79M 0,00M 0,95M 0,95M 0,00M 1,13M 1,13M 0,00M 1,35M 1,35M 0,00M
Unsecured loans to public: bank rate 0,77M 0,20M 0,57M 0,74M 0,17M 0,57M 0,73M 0,15M 0,58M 0,72M 0,13M 0,59M 0,73M 0,11M 0,62M

Loans to the corporations: variable rate 12M 4,10M 4,10M 0,00M 4,91M 4,91M 0,00M 5,88M 5,88M 0,00M 7,03M 7,03M 0,00M 8,56M 8,42M 0,14M
Loans to the corporations: variable rate 6M 2,13M 2,13M 0,00M 2,55M 2,55M 0,00M 3,07M 3,07M 0,00M 3,68M 3,68M 0,00M 4,44M 4,43M 0,02M
Loans to the corporations: variable rate 3M 2,14M 2,14M 0,00M 2,56M 2,56M 0,00M 3,06M 3,06M 0,00M 3,66M 3,66M 0,00M 4,38M 4,38M 0,00M
Loans to the corporations: fixed rate 0,32M 0,32M 0,00M 0,39M 0,39M 0,00M 0,46M 0,46M 0,00M 0,55M 0,55M 0,00M 0,66M 0,66M 0,00M
Loans to the corporations: bank rate 0,48M 0,27M 0,21M 0,47M 0,23M 0,24M 0,47M 0,19M 0,29M 0,49M 0,15M 0,34M 0,52M 0,11M 0,41M

Credit cards: variable rate 3M 2,16M 1,68M 0,48M 2,25M 1,66M 0,58M 2,52M 1,87M 0,65M 2,80M 2,09M 0,72M 3,12M 2,33M 0,79M
Student loans: variable rate 12M 0,14M 0,07M 0,07M 0,17M 0,00M 0,17M 0,25M 0,00M 0,25M 0,41M 0,00M 0,41M 0,61M 0,00M 0,61M
Other loans: variable rate 12M 6,12M 2,80M 3,32M 6,64M 0,00M 6,63M 7,78M 0,00M 7,78M 9,70M 0,01M 9,70M 12,17M 0,01M 12,16M

Investment assets
Investments: variable rate 5Y 4,50M 3,35M 1,14M 6,27M 3,46M 2,81M 8,51M 3,78M 4,73M 11,39M 4,44M 6,95M 15,07M 5,52M 9,55M
Investments: variable rate 12M 3,02M 1,41M 1,61M 3,02M 0,00M 3,02M 3,12M 0,00M 3,12M 3,31M 0,00M 3,30M 3,56M 0,04M 3,51M

Shares of companies consolidated by the equity method
Intangible assets 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Tangible assets 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Other assets 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Deferred tax assets 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M

Assets Year 1 Year 2 Year 3 Year 4 Year 5

Base case Shock -2 Diff. Base case Shock -2 Diff. Base case Shock -1 Diff. Base case Shock -2 Diff. Base case Shock -2 Diff.
Liabilities to cedit institutions 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M -0,04M 0,00M -0,04M
Liabilities to the bublic and public sector entities

Checking accounts  to the public: fixed 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M -0,01M 0,00M -0,01M
Savings accounts to the public: fixed rate -0,01M -0,01M 0,00M -0,02M -0,02M 0,00M -0,03M -0,03M 0,00M -0,05M -0,04M 0,00M -0,07M -0,06M -0,01M

Checking accounts to he corporations: fixed 0,04M 0,04M 0,00M 0,04M 0,04M 0,00M 0,03M 0,04M 0,00M 0,03M 0,04M 0,00M 0,03M 0,04M 0,00M
Savings accounts to the corporations: fixed 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M

Term deposits to the public: variable rate 12M -0,06M -0,04M -0,02M -0,06M 0,00M -0,06M -0,16M 0,00M -0,16M -0,38M 0,00M -0,38M -0,68M 0,00M -0,68M
Term deposits to the public: fixed rate -0,56M -0,37M -0,19M -0,55M -0,07M -0,47M -0,62M -0,01M -0,61M -0,75M -0,03M -0,73M -0,96M -0,08M -0,89M

Term deposits to the corporations: variable rate 12M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M -0,01M 0,00M -0,01M -0,05M 0,00M -0,05M -0,13M 0,00M -0,12M
Term deposits to the corporations: variable rate 6M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M -0,03M 0,00M -0,03M -0,10M 0,00M -0,10M
Term deposits to the corporations: variable rate 3M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M -0,02M 0,00M -0,02M
Term deposits to the corporations: 2Y -0,01M 0,22M -0,23M 0,00M 0,57M -0,58M -0,04M 0,74M -0,78M -0,11M 0,84M -0,95M -0,22M 0,94M -1,15M

Debt securities issued to public
Bonds to public: variable rate  3Y -4,02M -4,00M -0,02M -4,45M -4,38M -0,08M -5,07M -4,87M -0,20M -6,09M -5,57M -0,53M -7,58M -6,50M -1,09M
Bonds to public: fixed rate -19,79M -19,79M 0,00M -20,00M -20,00M 0,00M -20,26M -20,26M 0,00M -20,58M -20,58M -0,01M -20,98M -20,97M -0,01M
Certificates of deposit: variable rate 6M -1,00M -0,21M -0,79M -1,31M 0,00M -1,31M -1,89M 0,00M -1,89M -2,82M 0,00M -2,82M -4,10M 0,00M -4,10M

Subordinated liabilities: variable rate 12M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Provisions and other liabilities 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Deferred tax liabilities 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Equity

Share capital 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Reserves 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Retained earnings 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M
Other 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M 0,00M

Year 5Liabilities Year 1 Year 2 Year 3 Year 4
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Appendix 6. Growth parameters for low growth scenario 6. 

 
 

 
 

 

 

Assets
Min Max Min Max Min Max Min Max Min Max Min Max

Cash and cash equivalents 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans and advances to the credit institutions 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans and advances to the public and public entities

Mortgages to the public: variable rate 12M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: variable rate 6M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: variable rate 3M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %
Mortgages to the public: fixed rate 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,92 % 1,12 % 0,82 % 1,22 % 0,66 % 1,38 %
Mortgages to the public: Bank rate 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Unsecured loans to public: variable rate 12M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: variable rate 6M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: variable rate 3M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 5,68 % 6,94 % 5,05 % 7,57 % 4,10 % 8,52 %
Unsecured loans to public: fixed rate 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 1,88 % 2,30 % 1,67 % 2,51 % 1,36 % 2,82 %
Unsecured loans to public: bank rate 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Loans to the corporations: variable rate 12M 5,26 % 6,43 % 4,68 % 7,01 % 3,80 % 7,89 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: variable rate 6M 5,26 % 6,43 % 4,68 % 7,01 % 3,80 % 7,89 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: variable rate 3M 5,26 % 6,43 % 4,68 % 7,01 % 3,80 % 7,89 % 1,31 % 1,61 % 1,17 % 1,75 % 0,95 % 1,97 %
Loans to the corporations: fixed rate 5,26 % 6,43 % 4,68 % 7,01 % 3,80 % 7,89 % 0,87 % 1,07 % 0,78 % 1,16 % 0,63 % 1,31 %
Loans to the corporations: bank rate 5,26 % 6,43 % 4,68 % 7,01 % 3,80 % 7,89 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Credit cards: variable rate 3M 2,62 % 3,20 % 2,33 % 3,50 % 1,89 % 3,93 % 7,20 % 8,80 % 6,40 % 9,60 % 5,20 % 10,80 %
Student loans: variable rate 12M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,50 % 0,50 % 0,50 % 0,50 % 0,50 % 0,50 %
Other loans: variable rate 12M 5,25 % 6,41 % 4,66 % 6,99 % 3,79 % 7,87 % 0,70 % 0,86 % 0,62 % 0,94 % 0,51 % 1,05 %

Investment assets

Investments: variable rate 5Y 6,75 % 8,25 % 6,00 % 9,00 % 4,88 % 10,13 % 2,70 % 3,30 % 2,40 % 3,60 % 1,95 % 4,05 %
Investments: variable rate 12M 6,75 % 8,25 % 6,00 % 9,00 % 4,88 % 10,13 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

Shares of companies consolidated by the equity method 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Intangible assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Tangible assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Other assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Deferred tax assets 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

Growth parameters Spreads

2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y

Liabilities
Min Max Min Max Min Max Min Max Min Max Min Max

Liabilities to cedit institutions 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Liabilities to the bublic and public sector entities

Checking accounts  to the public: fixed 5,13 % 6,27 % 4,56 % 6,84 % 3,71 % 7,70 % 0,00 % 0,00 % 0,00 % 0,02 % 0,00 % 0,05 %
Savings accounts to the public: fixed rate 5,13 % 6,27 % 4,56 % 6,84 % 3,71 % 7,70 % 0,00 % 0,00 % 0,00 % 0,02 % 0,00 % 0,05 %
Checking accounts to he corporations: fixed 5,13 % 6,27 % 4,56 % 6,84 % 3,71 % 7,70 % 0,00 % 0,01 % 0,00 % 0,05 % 0,00 % 0,10 %
Savings accounts to the corporations: fixed 5,13 % 6,27 % 4,56 % 6,84 % 3,71 % 7,70 % 0,00 % 0,01 % 0,00 % 0,05 % 0,00 % 0,10 %
Term deposits to the public: variable rate 12M 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,27 % 0,33 % 0,24 % 0,36 % 0,20 % 0,41 %
Term deposits to the public: fixed rate 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,36 % 0,44 % 0,32 % 0,48 % 0,26 % 0,54 %
Term deposits to the corporations: variable rate 12M 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,27 % 0,33 % 0,24 % 0,36 % 0,20 % 0,41 %
Term deposits to the corporations: variable rate 6M 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,18 % 0,22 % 0,16 % 0,24 % 0,13 % 0,27 %
Term deposits to the corporations: variable rate 3M 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,09 % 0,11 % 0,08 % 0,12 % 0,07 % 0,14 %
Term deposits to the corporations: 2Y 6,50 % 7,80 % 5,80 % 8,50 % 4,70 % 9,50 % 0,36 % 0,44 % 0,32 % 0,48 % 0,26 % 0,54 %

Debt securities issued to public
Bonds to public: variable rate  3Y 8,10 % 9,90 % 7,20 % 10,80 % 5,85 % 12,15 % 0,90 % 1,10 % 0,80 % 1,20 % 0,65 % 1,35 %
Bonds to public: fixed rate 6,21 % 7,59 % 5,52 % 8,28 % 4,49 % 9,32 % 0,12 % 0,14 % 0,10 % 0,16 % 0,08 % 0,18 %
Certificates of deposit: variable rate 6M 8,10 % 9,90 % 7,20 % 10,80 % 5,85 % 12,15 % 0,90 % 1,10 % 0,80 % 1,20 % 0,65 % 1,35 %

Subordinated liabilities: variable rate 12M 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Provisions and other liabilities 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Deferred tax liabilities 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Equity

Share capital 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Reserves 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Retained earnings 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %
Other 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 % 0,00 %

Growth parameters Spreads

2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y2x simulation: Y1 2x simulation: Y2 6x simulation:  > 2Y
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Appendix 7. Aggregated (from monthly to yearly) NII estimates from scenario 7.  

Base case vs -2 shock. 
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Appendix 8. Scenario 2 probability distributions and figures 

 
(The NII in y-axis is provided in EUR) 
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Probability distribution: Basecase Y4
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Probability distribution: DN1 Y5
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Probability distribution: DN1 Y4
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Probability distribution: UP1 Y5
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Probability distribution: UP2 Y5
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Probability distribution: UP2 Y4
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Probability distribution: DN2 Y5
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Probability distribution: DN2 Y4
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Scenario 2 with stochastic growth rates and constant spreads: 

 
 

Appendix 9. Scenario 3 probability distributions and figures. 

 
 

 

 

 

 

Scenario min max min max min max min max min max
Basecase 105,99M 113,94M 85,23M 90,34M 68,13M 71,0M 54,27M 55,41M 43,23M 43,52M
UP1 127,34M 138,98M 105,06M 112,62M 86,74M 90,83M 73,10M 74,79M 56,27M 56,70M
DN1 82,32M 88,79M 64,81M 69,12M 50,29M 52,67M 38,62M 39,57M 33,96M 34,21M
UP2 149,13M 165,46M 127,68M 138,37M 110,02M 115,97M 97,12M 99,60M 72,84M 73,48M
DN2 62,85M 68,23M 48,81M 52,33M 37,36M 39,31M 28,10M 28,88M 27,54M 27,74M

Basecase 104,70M 115,23M 84,42M 91,14M 67,66M 71,43M 54,09M 55,56M 43,19M 43,56M
UP1 125,30M 140,62M 103,91M 113,67M 85,94M 91,52M 72,85M 75,03M 56,21M 56,77M
DN1 81,16M 89,88M 64,17M 69,69M 49,92M 53,04M 38,47M 39,70M 33,93M 34,24M
UP2 146,21M 167,96M 125,95M 140,01M 109,0M 116,94M 96,76M 99,98M 72,75M 73,59M
DN2 61,96M 69,15M 48,33M 52,86M 37,08M 39,61M 27,99M 28,99M 27,51M 27,76M

Confidence intervals 95%
Year 5 Year 4 Year 3 Year 2 Year 1

Confidence intervals 99%

Probability distribution: 205 scenarios Y5
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Probability distribution: 205 scenarios Y4
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3005 NII estimates with use of 3000 stochastic yield curves.  

 
(The NII in y-axis is provided in EUR) 
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Appendix 10. Scenario 4 probability distributions 

 
Appendix 11. Scenario 5 probability distributions and figures. 

 

Probability distribution: 615000 scenarios Y5
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Probability distribution: 61500 scenarios Y4
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Probability distribution: Basecase Y5
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Probability distribution: Basecase Y4
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Probability distribution: UP1 Y5
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Probability distribution: UP1 Y4
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Probability distribution: DN1 Y5
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Probability distribution: DN1 Y4
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Probability distribution: UP2 Y5
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Probability distribution: UP2 Y4
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Probability distribution: DN2 Y5
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Probability distribution: DN2 Y4
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Appendix 12. Scenario 6 probability distributions and figures. 

 
(The NII in y-axis is provided in EUR) 
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Probability distribution: Basecase Y5
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Probability distribution: Basecase Y4

5 5.05 5.1 5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5
NII 107

0

0.01

0.02

0.03

0.04

PR
O

BA
BI

LI
TY

95
%

 p
er

ce
nt

ile
 

95
%

 p
er

ce
nt

ile
 

Probability distribution: UP1 Y5
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Probability distribution: UP1 Y4
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Probability distribution: UP2 Y5
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Probability distribution: UP2 Y4
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Probability distribution: DN1 Y5
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Probability distribution: DN1 Y4
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Probability distribution: DN2 Y5
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Probability distribution: DN2 Y4
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