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We present an application of stochastic risk factor approach to model the non-maturing deposits 
and it sketches a benchmark framework to assess the expected profitability and the liquidity risks 
of a bank compared with the rest of the industry. We calibrate the model to system data available 
from Banca d’Italia, for both retail and corporate customers. The model allows for i) integrated 
modelling of market rates, bank’s creditworthiness and evolution of deposits’ volume; ii) unified 
and consistent measurement of the interest rate risk and the liquidity; iii) negative interest rates; 
iv) the evaluation of zero-rate floor on the deposits rates; vi) stress testing. 
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1  Introduction 
In this work we apply and extend the analysis in Castagna and Mistè (2016), by showing 

how the framework that has been adopted therein can be used as a benchmark tool by single 
banks and by Supervisors. 

A renewed attention to the modelling of non-maturing liabilities has arisen after the 
publication of a consultative document by the Basel Committee on Banking Supervision (2015), 
and eventually of the new standards (Basel Committee on Banking Supervision, 2016) on the 
measurement and the management of the Interest Rate Risk of the Banking Book (IRRBB). 
Moreover, it must be stressed that the Supervisor may also run stress-test exercises specifically 
designed for the interest rate risk of the banking book,2 with a strong attention on the modelling 
assumptions and the results related to the behavioural models. 

For these reasons, we think it is useful to design a robust, unified, and forward-looking 
framework that can be used as a benchmark to assess the liquidity risk, interest rate exposure, 
and the profitability of this class of liabilities for the banking industry. The framework can be 
calibrated by the Supervisor to available system data: in this work we will be focussing our 
attention on public data on sight deposit available from Banca d’Italia for the Italian banking 
system. Similar calibration can be performed for other countries. 

As for the analysis in Castagna and Mistè (2016), first, we disentangle the data by 
identifying two types of depositors, namely: corporate and retail. Second, we classify the data for 
each type of depositors in five categories according to the amount of the single deposit. In this 
way, we will be able to detect how the two types of depositors, in each category, react to the 
changing of the risk factors. Therefore, we will analyse 8 different clusters of depositors. 

We will assess the expected profitability of the sight deposit accounts through the 
computation of the Economic Value; additionally, we will calculate the Duration of the deposits’ 
volume, a measure related to interest rate risk; and finally we will compute the Weighted 
Average Life and the Term Structure of Liquidity, at several percentile levels, as measures of the 
liquidity risk useful to assess the stability of the deposits’ volume. All these metrics will be defined 
in a way consistent with their use as a benchmarking tool by the Supervisors. 

 
2  Overview of the Approach 
 
The main idea of the framework we present, is that the deposits’ volume and interest 

rates depend on stochastic risk factors (SRF). The dependencies are estimated by standard 
econometric techniques; then, these dependencies can be used to simulate the future evolution 
of the deposits so as to compute a range of metrics and measures for risk management purposes 
and for profitability monitoring.3 

The approach is made of four building blocks: the first two blocks are market driven 
stochastic risk factors, and the last two blocks are the variables directly we wish to analyse. More 
specifically, in the implementation of the framework, we have:  

  
 

2 See the press release by the ECB (European Central Bank, 2017a) and the presentation (European Central Bank, 2017b) on the ECB’s website. 
3 The approach is not very different, in spirit, from the one adopted in some other studies; for a very short and incomplete list, we mention the 
works by Jarrow and Van Deventer (1998), Kalkbrener and Willing (2004), Dewachter, Lyrio and Maes (2006), Nystrom (2008) and Blochlinger 
(2011). For a more general overview, see also Castagna and Fede, (2013, chapter 9). 



 the market interest rates;  
 the creditworthiness of the average Italian bank, for which we use a 5Y CDS (credit 

default swap) index as a proxy (see below for the details);  
 the deposits’ interest rates;  
 the deposits’ volume;  

 
 

 
Figure 1: The Stochastic (Risk) Factor approach framework. 

  
The entire framework can be sketched as in Figure 1. The historical data for the risk 

factors, the deposit rate, and deposit volume are fed to the calibration engine: the models are 
calibrated in a nested fashion. First, we estimate the model for the deposit interest rate, which 
depends on the two stochastic risk factors, i.e.: the market risk-free (short-term) interest rate 
and the CDS index, representing the credit riskiness of the banking industry. Secondly, we 
estimate the model for deposit volume, which in turn depends on the market interest rate, the 
deposit interest rate, and the CDS index. Finally, the dynamics of the two stochastic risk factors, 
i.e.: the market interest rate and the CDS index, are calibrated to their historical time series. The 
two risk factors do not depend on any other variables. 

Once the calibration is performed, the models can be used to simulate future paths of all 
the variables: also in this case, the paths are generated in a sort of nested fashion. More 
specifically, the two risk factors are projected by Montecarlo simulations: the values in each path 
are input in the dynamics of the deposit interest rate, so as to produce a Montecarlo simulation 
for it too. Finally, the two risk factors and the deposit interest rate simulated in each path are 
input into the dynamics of the deposit volume, to obtain a Montecarlo simulation. 

Hence, the simulation of a (high) number of paths yields a distribution for the relevant 
market risk factors and the deposits’ interest rate and volume. This allows to compute useful 
quantities for the profitability monitoring and risk management, such as the Economic Value, the 
Term Structure of Liquidity, the Duration and the Weighted Average Life, which will all be 
described in the following. The approach can be even employed to generate a consistent scenario 
analysis, where one can assume some levels for the risk factors that, in turn, will provide the 
evolution of the deposit interest rate and volume, and the corresponding values of all the metrics 
we have just mentioned. 



The approach we present is rather different from the approach typically followed within 
banks, which is also implicitly alluded to by the new Basel documents on IRBBB (Basel Committee 
on Banking Supervision 2015, 2016), and which for this reason we refer to as the Basel standard 
approach. We sketch the framework of this approach in Figure 2: the data base of historical data 
is basically the same, even though only the short term market interest rate is considered as a risk 
factor, and no variable related to the creditworthiness of the bank is taken into account. 

The dynamics for the deposit volume is in an exogenous way superimposed (e.g.: a 
Geometric Brownian Motion), without any dependence on the market and the deposit interest 
rates: for this dynamics, often after removing the drift, the volatility parameter is historically 
estimated. Then, given the volatility of the time series, the deposit volume at the reference date 
is separated in a volatile and a stable component. The former is kept in a liquidity buffer, whereas 
the latter is subsequently divided in a non-core component, allocated in a rolling short-term 
investment, and a core component invested in a portfolio of medium-long term bonds, based on 
the amortisation profile derived by a stressed profile of the deposit volume’s dynamics, for 
example projecting in the future the volume at a 2.65 time the volatility level, up to a predefined 
cut-off time. The core and non-core components are determined according to the sensitivity of 
the deposit interest rate to the market interest rate. 

 

   
Figure  2: The Basel Standard approach framework. 

  
This approach is more simplified than the SRF approach, since it does not consider the 

future distribution of stochastic risk factors and their impact on the evolution of deposits’ volume 
and rate. Actually, within this framework, only one risk factor is considered, i.e.: the short term 
market interest rate, which affects just the level of the deposit rate, even though only the forward 
market rate curve prevailing at the reference rate is considered. 

As such, the approach does not allow for a proper evaluation of the profitability of the 
sight deposits, nor it provides risk metrics that include more risk factors (e.g.: the 
creditworthiness of the bank) and their effects on the deposit’s volume and rate. Moreover, 
within its framework, a scenario analysis can be run on a limited basis since the volume does not 
depend on any market variable, so that the projected decline would be the same in any interest 
rates’ environment. 

Basically, the standard approach is made of two separate modelling, i.e.: the volume and 



the deposits’ interest rate, and there is no interrelation whatsoever between the two models. 
The deposit interest rates are strongly linked to the market rates and this link is used also to 
determine the core/non-core split of the stable amount: this may create some insensible results 
in the current low (or even negative) market interest rate environment. 

The SRF approach tries to remedy at the weaknesses of the standard approach. Firstly, it 
models in a unified fashion both the liquidity and the interest rate risks: all the dynamics of 
deposits’ volume and interest rate depend on common risk factors, so they are both consistently 
affected by those. Secondly, the future distribution of the deposit’s volume can be used to 
determine the stable and volatile components, and the subsequent split of the former into the 
core/non-core parts, without the artificial link to the dependency of the deposit rates on market 
rates. Thirdly, the entire future distribution of volumes depends on the initial state of the risk 
factors: this does not happen in the standard approach. 

For all these reasons, we think the SRF approach is superior and more powerful to deal 
with several market environment, including the current one. 

 
2.1  Market Interest Rate 
The relevant market interest rate for our models is a short-term risk-free rate: we 

consider the 1M (one-month) Eonia swap rate as a good proxy for this rate. We choose to model 
the dynamics of the market interest rate with two alternative well known extended short-rate 
models, so as to capture the risks related to the current environment with negative rates. We 
will then show the results obtained by using either model. 

The first model is an extension of the 𝐶𝐶𝐶𝐶𝐶𝐶 dynamics introduced by Cox, Ingersoll and 
Ross (1985), denoted as 𝐶𝐶𝐶𝐶𝐶𝐶 + + . The mathematical details for the dynamics of the 
instantaneous risk-free rate and for the pricing formula of the zero-coupon bond (needed for the 
calibration of the model) are in Appendix A.1  

The evolution of the instantaneous risk-free rate is given by the sum of a deterministic 
time function component, superadded to a stochastic component (the original CIR process). The 
deterministic function can be calibrated to a given interest rate curve, so as to make the model 
perfectly fitted to the market quoted rates on the reference date 𝑡𝑡0. 

The CIR process has a lower reflecting barrier at 0, so that negative rates can be produced 
by this model only by the deterministic function. This means that future scenarios with negative 
rates are strongly limited by the starting conditions prevailing at the reference date when 𝜓𝜓𝑡𝑡 is 
calibrated to market rate quotes.  

The second model we use is an extended Vasiceck model (1977): as before, we refer to 
Appendix A.2 for the mathematical details for the dynamics of the instantaneous risk-free rate, 
and for the pricing formula of the zero-coupon bond. Also in this setting, the dynamics of the 
instantaneous risk-free rate is given by the sum of a deterministic time function component and 
a stochastic variable, which follows a mean reverting Ornstein-Uhlenbeck process, differently 
from the CIR++ model. In this case, the stochastic variable is not bounded below at 0, but it can 
take also negative values, so that future scenarios generated by the Vasicek model can have more 
negative rate’s levels than those achievable by the CIR++ model. 

We will use both models in the analysis below, to assess the model risk related to the 
capability to generate more or less negative rates in future scenarios.  

Regardless of the model, from the zero coupon bond pricing formula we can derive the 



simply compounded Eonia swap rate 𝑅𝑅(𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖) for a maturity time of 1 month, which is the 
proxy we use in our analysis for the short-term interest rate. Also in this case, in Appendix A.2 we 
provide additional technical details 

 
2.2  Credit Default Swap Index 
For the CDS index we choose not to use a credit model to evaluate derivative contracts, 

but to directly model the spread: the process is specified in Appendix A.3. 
The details on how the CDS index is built are provided in Section 3, where we show how 

the framework is calibrated and the input data we used. 
 
2.3  Deposit Interest Rate and Volume 
Being a tool of the pricing policy of the banks, the deposits’ interest rate is a driving factor 

that affects the evolution of deposits’ volume through time. An increase of the deposit rate will 
work as an incentive for existing depositors not to withdraw from their accounts or even to 
increase the amount deposited. 

On the other hand, the deposits’ rates will be also dependent on the general level of the 
market interest rates and on the perceived creditworthiness of the bank: in both cases, higher 
values of the risk factors tend to increase the level of the interests paid on deposits. 

The deposit volume is assumed to be dependent on the two risk factors and on the 
deposit rate. The main principle in identifying how the risk factors affect the deposits’ evolution 
is linked to the depositors’ liquidity preferences: the lower the market interest rates, the higher 
the depositors’ propensity to keep cash and high-liquidity assets, such as sight deposits. Hence, 
a negative relation is expected to be found between the level, or variations (or a function of 
them), of the volume of deposits and the level, or variations, of interest rates when estimating it 
with historical data. 

The effects of the market interest rates can be counterbalanced by the deposits’ interest 
rates: the higher they are, the more depositors are encouraged to keep their wealth in deposits, 
since their yield competes with other types of investments. 

Finally, the depositors are expected to withdraw from their deposits as the risk of the 
bank’s default increases. We proxy this risk with the Credit Default Swap premium quoted in the 
market. Since we are dealing with data referring to the entire Italian banking industry, we build 
a CDS index as explained below. 

The effect of the risk factors (and of the deposit rate on the deposit volume) is determined 
by means of an econometric analysis. In more detail, we adopt a Bayesian Average of Classic 
Estimates (BACE) methodology, which is widely used also by the ECB in building benchmark 
models for stress testing purposes, see Dees et al. (2017), Henry and Kok (2013) and the 
references therein.  

The BACE approach allows to skip the model selection process, by assuming that we 
cannot know which is the correct model specification with certainty: we can simply estimate 
every model generated by the combinations of a given set of explanatory variables, and assign 
to each regression equation a weight that reflects their relative predictive performance. All these 
regressions are embedded within a final equation that includes all the regressors with a weighted 
coefficient (see Section B of the Appendix for brief overview of the approach and details on how 
the weights are computed and their interpretation). 



The final model equation for the deposit interest rate is given in Appendix C and the list 
of the regressor used is in Table 15 of the same Appendix, where also the expected sign are 
indicated. We have four main explanatory variables: the market interest rate, the QoQ variation 
of market interest rate, the CDS index, and the variation of the CDS index. For each of the four 
variables, we calculate the moving average for one, two and four quarters.  

The deposit volume at time any time is similarly defined as a function of the same 
explanatory variables (or their transformations) as for the deposit interest rate. The regressors, 
and theirs expected signs, are shown in Table 16 in Section C of the Appendix. There are eight 
main explanatory variables: the market and deposit interest rates, the spread between them, the 
QoQ variations of market and deposit interest rate, the QoQ variations of the spread between 
them, the CDS index, and QoQ variation of the CDS index. For each of these eight variables, we 
calculate the moving average for one, two and four quarters. 

Details on the choice of the joint selection these variables to enter in the single 
regressions for each model, and the criteria to curb the maximum theoretical number of possible 
combinations, are in Appendix C. 

 
 
3  Calibration of the Framework 
We calibrate the framework above to different categories of depositors, clustered by the 

deposit amount, trying to capture the different behaviours. For example, some categories of 
depositors may be more concerned about the default of the bank than others, while some other 
depositors may just look at the interest paid by the bank. We estimate the BACE models shown 
above for the deposit rate and volume, and we calibrate the dynamics of the risk factors, i.e.: the 
market short-term risk free rate and the CDS index. 

We first analyse the data set we use for each of the four building blocks of the framework, 
then we provide the details on the calibration of the models. 

 
3.1  The Data Set 
The short rate models (𝐶𝐶𝐶𝐶𝐶𝐶++ and Extended Vasicek) are calibrated to the time series of 

Eonia swap rates sampled monthly from 29/02/2008 to 31/12/2016. For each month we have a 
term structure of Eonia swap rates retrieved from Bloomberg, made of the following maturities: 
all months from 1 to 11, all years from 1 to 12, then 15 and 20 years. The market curve of the 
zero rates implied in the Eonia swap rates is for the reference rate (i.e.: the last date of the 
calibration period, 31/12/2016) is in Figure 3. Table 14 in the Appendix A.4 shows the zero rate 
curve at this date (and also the curves for the scenarios we will use for a stress test analysis, see 
below Section 5.1). 

 



 
Figure  3: Market curve of the zero rates implied in the Eonia swap rates, for the reference date 

31/12/2016. 
  
To measure the market perceived credit risk, we build an index as a proxy for a 

hypothetical CDS of the Italian banking industry: we compute a quarterly weighted average of 
the CDS of the major Italian banks, where the weights are proportional to the sight deposits 
volumes in each bank’s balance sheet4. The banks considered are Banco Popolare, BPM, BNL, 
Intesa Sanpaolo, Mediobanca, Monte dei Paschi di Siena, UBI and Unicredit. 

In more detail, we collected from Bloomberg daily data, from 1/1/2005 to 31/12/2016, 
and we computed a quarterly average for each bank. Then we computed the quarterly average 
for the banking industry. 

The Bloomberg tickers for the banks are:   
 
 BPIIM CDS EUR SR 5Y D14 MSG1 Corp for Banco Popolare  
 LAVORO CDS EUR SR 5Y D14 MSG1 Corp for BNL  
 PMIIM CDS EUR SR 5Y D14 MSG1 Corp for BPM  
 ISPIM SPA CDS EUR SR 5Y D14 MSG1 Corp for Intesa Sanpaolo  
 BACRED CDS EUR SR 5Y D14 MSG1 Corp for Mediobanca  
 UBIIM CDS EUR SR 5Y D14 MSG1 Corp for UBI  
 UCGIM CDS EUR SR 5Y D14 MSG1 Corp for Unicredit  

 
In Figure 4 we show the plot of the CDS quarterly time series for each bank and the CDS 

index for the system. 
 

 
4 The deposits’ volume data are taken from the balance sheets published in 2016. 



 
Figure  4: CDS quarterly time series, from 1/1/2005 to 31/12/2016, for each bank and the CDS index 

(average) for the system (in basis points). 
  
For the deposits’ volume and the deposits’ interest rate, the source of the data is the 

Statistical Database of Banca d’Italia.5 The database is quite rich, since it contains quarterly data 
for deposits volumes and rates for two categories of depositors (retails and corporates), clustered 
for the amount deposited, and segmented for geographical areas, from regional departments 
down to single main cities. The fine granularity of data allows for a focussed calibration of the 
framework so that it can be used by the Supervisors to create robust benchmarks to assess the 
riskiness of sight deposits even of relatively small banks, or banks that work in specific 
geographical areas. In this work, as an example of possible calibration and use of the framework, 
we focus on data at country level (i.e.: the entire Italian economy). 

More specifically, we retrieved the following time series from the statistical database of 
Banca d’Italia, for the period spanning from January 2005 to December 2016:   

 
 Volumes on sight current account deposits: classified by sector and size of deposit 

(code [TDB30960  5540161] of the database of Banca d’Italia) for the products. 
Since the data set contains amounts multiplied by the number of days, we obtain 
the deposits’ volume by dividing the quarterly product by the actual number of 
days in each quarter.  

 Interest rates on sight current account deposits: classified by sector and size of 
deposit (code [TDB30960  5640113]) for the deposits’ interest rate.  

 
All data are quarterly. 

We allocate the available data into 8 clusters, made of two types of depositors, each one 
subdivided in four ranges of deposit amount, as follows:   

 
 Non-financial corporations and producer households (NFC&PH),   

o up to 10.000 Euros;  
o from 10.000 Euros to 50.000 Euros;  
o from 50.000 Euros to 250.000 Euros;  
o more than 250.000 Euros.  

 
5 The data are publicly available at https://www.bancaditalia.it/statistiche/basi-dati/bds/index.html. 



 
 Consumer households, non profit institutions (NPIS) serving households and 

unclassifiable units (CH,NSH&UI),   
o up to 10.000 Euros;  
o from 10.000 Euros to 50.000 Euros;  
o from 50.000 Euros to 250.000 Euros;  
o more than 250.000 Euros.  

 
The plots of the time series of deposits’ volume and interest rate for each cluster are in 

Figure 9. 
 
 

              
  (a):  Deposit volumes for NFC&PH (in billions of Euros).         (b): Deposit volumes for CH,NSH&UI (in billions of Euros). 
 

 
 

              
 

     (c): Deposit interest rate for NFC&PH.                          (d): Deposit interest rate for CH,NSH&UI. 
 

 
Figure  5: Plots of the time series retrieved from the public data base of Banca d’Italia. 
  
 
 
3.2  Results 
The 𝐶𝐶𝐶𝐶𝐶𝐶 + + and the extended Vasicek models for the short rate are calibrated by a 

procedure in two steps described in Appendix D, where also the technique used to calibrate the 
dynamics of the CDS index, is detailed. Table 16 of the same Appendix provides the values of the 
parameters resulting from the calibration. 

Also the models for the volume and the deposit rates have been estimated and results 
are shown in Section E of the Appendix. For each cluster, and for respective deposit interest rate 
and volume models, a first table shows the list of the variables entering in the final model, their 
(weighted) coefficients, the inclusion posterior probability (i.e.: the probability it belongs to the 



final model, see Section B of the Appendix), and the p-value (i.e.: the probability the coefficient 
is not statistically different from zero). 

It should be stressed that the number of variables entering the final regression model has 
been limited to those whose inclusion posterior probability is greater than 0.01%. This explains 
why the tables have different numbers of regressors for each cluster and they never contain the 
complete list of the possible regressors. 

It is also noteworthy that we add the coefficient 𝜌𝜌  of the AR(1) on residuals: some 
regressions do not pass the test on independently distributed residuals, so we need to modify 
the equation by adding the AR(1) process. Additionally, for the deposits’ volume models, the 
tables show four dummy variables for the quarters: the first is always nil, since its effect is 
captured by the constant; the remaining three dummies are always significantly different from 
zero, and they represent the correction to the 1𝑠𝑠𝑠𝑠 quarter effect produced by the constant. 

A second table, shows the 𝑅𝑅2 of the final regression model, and a number of tests to 
assess the normality and autocorrelation of the residuals. A set of graphs completes the 
information on the estimation of the model: we present the inclusion posterior probability of 
each regressor, to assess at a glance the numerosity of relevant explanatory variables; the partial 
autocorrelation function, to assess if the residuals of the final model are actually not 
autocorrelated; the histogram of the residuals compared with a normal distribution; and a plot 
of the actual and fitted values of the observed variable. 

The models are generally quite good in their fitting capability and statistically robust. 
 
3.3  Simulation 
Once the dynamics for risk factors and for deposits’ interest rate and volume are 

estimated, we can run simulations for the evolution of each factor. The standard approach 
requires to generate a number of simulated paths for the factors by means of the estimated 
dynamics, following these steps:   

 
 compute 𝑚𝑚 = 12,288 paths for the market rate 1M Eonia and for the CDS index, 

according to the 𝐶𝐶𝐶𝐶𝐶𝐶 ++ or Extended Vasicek model and the 𝐶𝐶𝐶𝐶𝐶𝐶  model 
respectively;  

 compute the value for the two risk factors at each time step (1 month) with time 
horizon equals to the cut-off of 10 years, hence T = 120 months;  

 compute the corresponding paths for the deposits’ interest rates and volumes, 
according to estimated regressions for each cluster of depositors;  

 
The distribution at each time step, derived through the simulation, are used to calculate 

the metrics that are discussed in next section. 
In Appendix F we plot the historical values and the projections of the deposits’ interest 

rates and volumes, up to the cut-off time in 10 years, for each cluster of depositors. The graphs 
plot the projection of the expected value, and 90-th percentile and 10-th percentile values of the 
distribution of the deposits’ interest rates and volumes. 

 
4  Benchmark Metrics for Profitability and Risk Management 



The approach we have sketched above, calibrated to historical systemic data, can be an 
effective tool to analyse and benchmark, under a unified framework, the profitability and the risk 
related to sight deposits of supervised banks. We will describe how to build metrics that can be 
used for those purposes. 

Until few years ago, before 2008, sight deposits were a very cheap liability for a bank. In 
many cases, the spread over the market short term risk-free interest rate was negative, meaning 
that the reinvestment of the volumes deposited by the bank’s customers earned a net profit. 

In the current economic environment, after the crisis of the banking sector in 2008/2009, 
the possibility for the banks to extract a positive net profit from the sight deposits dramatically 
decreased, at least in some countries. This is due to a variety of reasons, amongst which we 
mention: i) the general raise of funding spreads for banks, which affected also the sight deposits 
since they are a relevant funding source; ii) the stricter regulatory rules for the monitoring of the 
liquidity risk, such as the limits of the LCR and NSFR ratios set by the Basel Committee, making 
more difficult the reinvestment in less liquid, but more profitable, assets; iii) the increase, in some 
instances, of a bank-run threat by depositors, which forced bank to raise the interest rate paid 
on deposits for relatively long periods of time. 

We propose a set of metrics that can be calculated for the banking industry based on 
public available data, and that can be used as a benchmark to compare the profitability of sight 
deposits of a given bank, along with liquidity and interest rate risks, with respect to the system 
within which it operates.  

Hence, we suggest to use two types of metrics: one related to expected costs and profits, 
the other related to liquidity and interest rate risks. The Economic Value, the Value of the Liability 
and the Zero Floor Option belong to the first type of metrics, whereas the Duration, the Weighted 
Average Life and the Term Structure of Liquidity belong to the second type. We will describe each 
of them and flesh out the information content for each of them; the mathematical details and 
the formulae are in Appendix G. 

 
4.1 The Economic Value       
It is important to assess which are the deposit clusters that allow banks to have a higher 

profitability, with a forward looking view rather than a historical one. A profitability indicator is 
the Economic Value ( 𝐸𝐸𝐸𝐸 ) associated to a given cluster of depositors: it provides the present 
value of the NII, up the cut-off date, under the specific assumption that all the deposits’ volume 
is allocated in a short-term rolling investment with a maturity equal to the repricing period of the 
deposits (1 month in our analysis). In other words, the 𝐸𝐸𝐸𝐸 is the difference between what is 
earned by investing at short-term (i.e.. the market short-term interest rate) and the cost that 
must be paid to remunerate depositors (i.e.. the deposit interest rate), multiplied the deposit 
volume. Since we want to have a metric that can be used as a benchmark, we express the 𝐸𝐸𝐸𝐸 
as a percentage of the amount of desposits at the reference time. 

While the computation of this multiplication is straightforward at the reference date, for 
the future times it is not known with certainty. By simulating the relevant variables (the market 
and deposit rates, and the deposit volumes) we are able to determine the distribution of the 𝐸𝐸𝐸𝐸 
at future dates, and then consider its average value. Summing up all the discounted expected 
future values, up to the cut-off time, the 𝐸𝐸𝐸𝐸 is derived. 

In a discrete setting, even if the time interval is short (e.g.: 1 month, as the time step we 



are working with), the bank has to measure and manage the liquidity risk caused by the mismatch 
due to the possible withdrawal by the depositors and the reinvestment locked until the end of 
the chosen discretisation period. To this end, the bank will provide for a liquidity buffer to cope 
with the requests of the depositors, given the bank’s risk preferences. Clearly this liquidity buffer 
(that can be set also in accordance with the regulatory LCR requirements) will generate additional 
costs that are not considered in the calculation of the 𝐸𝐸𝐸𝐸. 

Moreover, we do not consider all the aspects related to the bank’s liquidity management 
policy, which may hinder or limit the simple rolling reinvestment, nor the compliance with the 
regulatory liquidity ratios. Therefore, the 𝐸𝐸𝐸𝐸 should be taken an upper bound of the expected 
NII originated by the sight deposits. Additionally, we do not deal with the volatility of the 𝐸𝐸𝐸𝐸, so 
we will not explicitly consider how to optimally allocate the deposits’ volume in fixed income 
investments with longer maturities, so as to lock in the received interests, satisfying the risk 
preferences of the bank about the liquidity risk and the probability of a liquidity shortage. 

Notwithstanding being an indication of a theoretically maximum value unattainable in 
reality, still the 𝐸𝐸𝐸𝐸 provides valuable information on the relative profitability amongst different 
clusters of depositors, and on the comparison with the corresponding levels of the banking 
industry. This information can be consistently used by a bank.  

We will also calculate the  𝐸𝐸𝐸𝐸 at stressed levels. For ease of comparison through all the 
metrics, we refer to stressed values of the deposits’ volume, and hence we compute the measure 
of interest (the 𝐸𝐸𝐸𝐸 in this case) by assuming a deterministic term structure of deposits built on 
predefined levels of percentiles of the distribution obtained from the simulation. The same 
approach is applied to all other metrics (see Appendix G for the mathematical formulae). 

We indirectly address the issue related to the volatility of the NII and of the deposits’ 
volume, and their allocation on longer maturity investments, by calculating, for each cluster, the 
Duration (𝐷𝐷𝐷𝐷𝐷𝐷), the Weighted Average Life (𝑊𝑊𝑊𝑊𝑊𝑊) and the Term Structure of Liquidity ( 𝑇𝑇𝑇𝑇𝑇𝑇). 

The Duration of the sight deposits is calculated according to the standard textbook 
definition: it provides the (expected) financial maturity for each cluster of deposits, so that it 
indicates how to build a counterbalancing portfolio of assets. The Weighted Average Life is 
computed both for the expected and stressed evolution of the volumes: it is a measure of the 
volatility and of the time within which the volumes will drop to zero. The Term Structure of 
Liquidity is also computed both for the expected and stressed evolution of the volumes: it gives 
a more detailed picture of the amount available at each future time step and, conversely, which 
is the amount of deposits that can flow out from the bank’s balance sheet. Therefore, the Term 
Structure of Liquidity is useful for liquidity management and for reinvestment purposes. 

 
4.2 Value of the Liability 
A slightly different metric linked to the 𝐸𝐸𝐸𝐸is the value of the liability (𝐿𝐿𝐿𝐿), which is the 

expected present value of the sum of all the cash-flows related to both interest rate payments 
and variations of the deposited amount. Differently from the 𝐸𝐸𝐸𝐸, the 𝐿𝐿𝐿𝐿 does not consider any 
effect due to the reinvestment of the deposited amounts.  

Also in this case, we want to have a metric that can be used as a benchmark and for this 
reason we divide the present value of future cash flows by the initial deposits’ amount. 

Being a liability, the (𝐿𝐿𝐿𝐿) is negative. since it is the sum of the present value of the cash 
outflows for the Bank. In some cases interest rates paid on deposits can be negative, thus abating 



the liability to the Bank. 
When calculating (𝐿𝐿𝐿𝐿), the sight deposits turn out to be a financial instrument similar to 

a floating rate bond issued by the Bank, with maturity set at the chosen cut-off date, and a 
stochastic amortisation schedule that, contrarily to the standard bonds, can also increase, instead 
of just decreasing, the starting notional amount. Besides, the paid interest rate is indexed in a 
complex fashion to the market interest rate and to the CDS index, with a residual stochastic 
component. The value of such exotic floating rate bond can be computed only by numerical 
techniques, such as the simulation method that we described above. 

Similarly to the economic value, we can compute 𝐿𝐿𝐿𝐿corresponding to given level of 
percentile of the deposits’ volume distribution.  

 
4.3  Floor Option on the Deposit Interest Rate 
For deposits with retail customers, it is interesting to assess the value of the floor option 

on the deposit rate at 0% strike implicitly sold to them by the banks. In some countries, civil laws 
forbid to set a negative rate for sight deposits, but even when this law provision is not existent, 
banks often are reluctant to explicitly set a negative deposit rate. For these reasons, the values 
of this option should be taken into account to properly evaluate the expected profitability of the 
different clusters of depositors. 

Therefore, in most cases, banks are, explicitly or implicitly, selling a floor options at zero 
strike on the deposit interest rate, at least for retail depositors. This means that it is crucial 
calculating the value of this option, so as to more precisely assess the profitability of the deposits. 
Additionally, even though the floor option is given for free to depositors (as it often happens), so 
that calculating its value may appear superfluous, its premium should be known to the Bank in 
order to include it in the pricing of other products and recover its cost. 

The value of the floor can be quite easily determined by computing twice the value in the 
liability seen above: in the first computation no constraints are set on the levels of the deposit 
rates simulated in the future; in the second simulation we impose a minimum value of the deposit 
rates at zero. Finally, we calculate the difference between the unconstrained and constrained 
levels of the 𝐿𝐿𝐿𝐿. 

Since the unconstrained value of the liability is lower than the constrained value, then the 
value of the floor option is negative, meaning that the option is sold by the Bank and that at best 
(for the Bank) it can be worthless to the depositor. 

The values of the floor corresponding to a given percentile of the deposits’ volume 
distribution, is defined as the difference of the unconstrained and constrained levels of the 𝐿𝐿𝐿𝐿s 
calculated at the corresponding percentiles. 

  
4.4  The Duration 
The Duration (𝐷𝐷𝐷𝐷𝐷𝐷) of the liability associated to the sight deposits is the derived from the 

standard text-book definition of discounted contract’s cash-flows, up to the cut-off time, 
weighted by the time of their occurrence.  

The interpretation of  𝐷𝐷𝐷𝐷𝐷𝐷 is the usual given in financial analysis: it serves both as a 
measure of the expected financial duration of the sight deposits and as an indicator of the 



sensitivity to the movement of the term structure of the market interest rates.6 As an ALM tool, 
the duration can be used to identify the proper reinvestment in assets (bonds or banking 
products, such as loans to clients) so as to have a matched sensitivity to market interest rates 
movements. 

Notwithstanding the basic floating-rate-bond feature of the sight deposit liability, the 
Duration is not very short, as it would be expected. This is due mainly to the stochastic notional 
amount, which could even increase in some scenarios. A unified framework that consider the 
entire distribution of volumes, such as the one we are working in, can provide counter-intuitive, 
yet consistent results. 

 
4.5  The Weighted Average Life 
The 𝑊𝑊𝑊𝑊𝑊𝑊 of the deposits is the average time until each unit of currency in the initial 

deposit 𝐷𝐷(𝑡𝑡0) is withdrawn by the clients. It is a measure of the volatility and of the time within 
which the volumes will drop to zero: the lower the value of the 𝑊𝑊𝑊𝑊𝑊𝑊 is, the sooner the bank 
loose one unit of currency from its deposit liabilities. 

The 𝑊𝑊𝑊𝑊𝑊𝑊 is somehow linked to the Duration, but since it does not considers discounted 
cash flows and interest payments, its meaning is strictly related to the time dimension, without 
any link to the sensitivity to the interest rates, as the 𝐷𝐷𝐷𝐷𝐷𝐷 metric is, 

 
4.6  Liquidity Risk Management 
Given a distribution of the future evolution of the deposits’ volume, we can define the so 

called Term Structure of Liquidity ( 𝑇𝑇𝑇𝑇𝑇𝑇 𝛼𝛼) (see [6]): it is a time series of the lowest volume of 
deposits, with a given confidence level 𝛼𝛼, at any given time.  

We can now consider various measures of this quantity over scenarios, in order to obtain 
stressed predictions on the future behaviour of deposits. For a percentile 𝛼𝛼 of values taken from 
the simulations, we can calculate what is the minimum level reached at a given time. The 
minimum is divided by the initial deposit amount so that we can come up with a metric that can 
be used as a benchmark tool. 

The  𝑇𝑇𝑇𝑇𝑇𝑇  at a given percentile 𝛼𝛼, differs from the 𝛼𝛼-percentile path deriving from the 
simulations in that it can never be increasing, but it can only slope downward or at best stay 
constant. In that way, we can be sure that the    𝑇𝑇𝑇𝑇𝑇𝑇  will never be above the starting amount 
of deposits that the bank has on its balance sheet. 

For this reason, the  𝑇𝑇𝑇𝑇𝑇𝑇  is crucial in defining the bank’s investment policy of the 
deposits’ volumes:  𝑇𝑇𝑇𝑇𝑇𝑇 𝛼𝛼(𝑡𝑡) is the amount available, with probability 1 − 𝛼𝛼, for an investment 
maturing in 𝑡𝑡. In fact, even if the sight deposits have an instantaneous contractual maturity, the 
behavioural model we are working with allows to design several investment policies, by allocating 
a fraction of the volume in a long-term bond portfolio, with the requirement of meeting the 
liquidity needs of the bank at any given moment. The  𝑇𝑇𝑇𝑇𝑇𝑇  would never indicate an amount to 
invest at a given maturity greater than the amount available to the bank at the reference date, 
i.e.: the date the analysis is operated. 

 
5  A Practical Application of the Benchmark Metrics 

 
6 Actually, the modified duration would be a more precise measure of the sensitivity. 



We calculate the benchmark measures for each of these metrics described in the previous 
section, for both the categories of debtors and the deposit amount clusters. We will show the 
expected value for each of them, and the values they take at a 1% and 5% percentiles of the 
distribution of the total deposit amount derived from the simulation we run. It should be stressed 
that other choices can be made, such as picking the percentiles values of the specific distributions 
of each metrics. We chose to have a common underlying distribution (i.e.: the total deposit 
amount) because we wanted to analyse how all the metrics behave under common scenarios. 

We show the results in the following order: First, Tables 1, 2, 3, 4, 5, present, for each 
cluster of depositors, the economic value, the value of the liability, the zero rate floor value, the 
Duration and the Weighted Average Life; second, in Table 6 we show, again for each cluster of 
depositors, the term structure of liquidity at one, five and 10 years, which is also the cut-off time 
we chose. 

Each table shows, for each metric, the values corresponding, respectively, to the expected 
value, the 5th percentile and 1st percentile of the distribution of the deposit amount. Additionally, 
all the tables compare the results obtained by modelling the interest rates with a 𝐶𝐶𝐶𝐶𝐶𝐶 + + 
dynamics, with the results obtained by modelling them with an extended Vasicek dynamics. 

   

 
Table  1: Economic value for clusters of depositors. Expected values, values corresponding to 

percentiles of the distribution of deposits’ volume and absolute volatility. 
   
   

 
Table  2: Value of the liability for clusters of depositors. Expected values, values corresponding to 

percentiles of the distribution of deposits’ volume and absolute volatility. 
   
   

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 -4.48% -4.65% -3.83% -3.77% -3.36% -3.32% 3.40% 6.51%
NFC&PH 50.000 - 250.000 1.92% -1.73% 0.14% -0.15% -0.38% -0.57% 4.25% 19.51%
NFC&PH 10.000 - 50.000 2.80% 0.38% 0.98% 0.67% 0.34% 0.10% 4.16% 16.85%
NFC&PH < 10 2.67% 2.19% 1.87% 1.75% 1.50% 1.38% 4.14% 14.32%
CH,NSH&UI > 250 -4.02% -14.63% -2.90% -3.92% -2.44% -3.15% 3.14% 40.30%
CH,NSH&UI 50.000 - 250.000 2.08% -7.02% 0.01% -1.18% -0.50% -1.32% 4.46% 33.89%
CH,NSH&UI 10.000 - 50.000 2.88% 1.62% 1.92% 1.08% 1.49% 0.72% 4.23% 15.94%
CH,NSH&UI < 10 2.87% 2.32% 2.42% 1.86% 2.27% 1.73% 3.93% 14.30%

 Expected  PCT 5%  PCT 1%  Std Dev

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 -104.46% -104.56% -103.82% -103.71% -103.35% -103.27% 3.42% 6.53%
NFC&PH 50.000 - 250.000 -98.06% -101.65% -99.85% -100.11% -100.38% -100.55% 4.27% 19.44%
NFC&PH 10.000 - 50.000 -97.18% -99.55% -99.01% -99.29% -99.65% -99.87% 4.18% 16.82%
NFC&PH < 10 -97.32% -97.75% -98.12% -98.20% -98.49% -98.58% 4.16% 14.33%
CH,NSH&UI > 250 -104.00% -114.53% -102.89% -103.89% -102.43% -103.13% 3.16% 40.10%
CH,NSH&UI 50.000 - 250.000 -97.90% -106.92% -99.99% -101.14% -100.49% -101.29% 4.48% 33.76%
CH,NSH&UI 10.000 - 50.000 -97.10% -98.32% -98.07% -98.87% -98.50% -99.23% 4.25% 15.95%
CH,NSH&UI < 10 -97.12% -97.62% -97.57% -98.09% -97.72% -98.22% 3.94% 14.32%

 Expected  PCT 5%  PCT 1%  Std Dev



 
Table  3: Zero rate floor sold by the bank for clusters of depositors. Expected values, values 
corresponding to percentiles of the distribution of deposits’ volume and absolute volatility. 
   
   

 
Table  4: Duration for clusters of depositors. Expected values, values corresponding to percentiles of 

the distribution of deposits’ volume and absolute volatility. 
   
   

 
Table  5: Weighted average life for clusters of depositors. Expected values, values corresponding to 

percentiles of the distribution of deposits’ volume and absolute volatility. 
   
   

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 50.000 - 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 10.000 - 50.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH < 10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
CH,NSH&UI > 250 -0.04% -8.15% -0.02% -1.23% -0.02% -0.90% 0.12% 29.17%
CH,NSH&UI 50.000 - 250.000 -0.08% -4.61% -0.06% -1.07% -0.05% -0.78% 0.12% 13.45%
CH,NSH&UI 10.000 - 50.000 -0.05% -1.14% -0.05% -0.87% -0.05% -0.79% 0.07% 2.06%
CH,NSH&UI < 10 -0.04% -0.78% -0.04% -0.58% -0.04% -0.56% 0.05% 1.39%

 Expected  PCT 5%  PCT 1%  Std Dev

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250        13.15        13.13          9.76          9.66          8.37          8.31          1.93          2.18 
NFC&PH 50.000 - 250.000        13.61        13.68          8.26          7.57          6.60          6.07          3.09          4.11 
NFC&PH 10.000 - 50.000        11.71        11.73          8.07          7.59          6.76          6.39          2.03          2.61 
NFC&PH < 10        10.43        10.42          8.88          8.74          8.20          8.07          0.83          0.93 
CH,NSH&UI > 250        12.99        13.31          7.02          6.44          5.37          4.93          3.58          4.68 
CH,NSH&UI 50.000 - 250.000        14.67        14.51          7.80          7.17          6.00          5.44          3.79          4.52 
CH,NSH&UI 10.000 - 50.000        10.99        10.97          9.17          9.14          8.37          8.35          0.93          0.95 
CH,NSH&UI < 10          9.67          9.71          8.78          8.80          8.45          8.46          0.49          0.50 

 Expected  PCT 5%  PCT 1%  Std Dev

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250        14.43        14.41        10.40        10.27          8.85          8.74          2.19          2.27 
NFC&PH 50.000 - 250.000        13.43        13.91          8.13          7.47          6.54          6.01          3.04          4.95 
NFC&PH 10.000 - 50.000        11.51        11.70          7.95          7.51          6.69          6.37          1.95          2.83 
NFC&PH < 10        10.48        10.49          8.91          8.80          8.21          8.10          0.83          0.92 
CH,NSH&UI > 250        13.92        15.59          7.15          6.59          5.47          4.99          4.08          8.56 
CH,NSH&UI 50.000 - 250.000        15.05        16.00          7.86          7.23          6.02          5.51          4.00          6.95 
CH,NSH&UI 10.000 - 50.000        11.21        11.25          9.33          9.35          8.47          8.50          0.95          0.97 
CH,NSH&UI < 10          9.76          9.82          8.89          8.93          8.53          8.59          0.49          0.50 

 Expected  PCT 5%  PCT 1%  Std Dev



 
Table  6: Term structure of liquidity for clusters of depositors. Expected value at different years and 

percentiles of the distribution of deposits’ volume. 
 

Unsurprisingly, 𝐸𝐸𝐸𝐸 has a negative correlation with the size of the deposits (Table 1), both 
for the NFC&PH and the CH,NSH&UI, which means that the bank is able to apply lower-than-
market deposit rates on deposits of smaller amounts. It can be noted that, as an average, the EV 
for non-financial corporates and producers households, runs from 2.67% for the CIR++ 
simulation, or 2.19% for the Extended Vasicek, for the deposits of less than 10.000 Eur, to -4.48% 
for the CIR++ simulation, or -4.65% for the Extended Vasicek, for deposits with a volume of above 
250.000 Eur. 

Similar results obtain also when consumers households and non-profit institutions are 
considered, showing a slightly better ability of the bank to extract the value from the deposits. It 
is also worth noting that the simulations with the Extended Vasicek model produce higher 
volatility of the results, due to the wider range of excursion of the interest rates that this model 
allow.     

The value of the floor option (Table 3) is calculated only for the clusters referring to 
CH,NSH&UI, since only for them negative deposit rates are not applied by banks, so that an 
implicit floor option is sold to them. It can be noted that the value of this optionality increases 

Cluster TSL Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250  1Y 99.94% 99.94% 96.05% 96.02% 94.42% 94.36%

 5Y 99.21% 99.17% 93.42% 93.24% 85.40% 84.90%
 10Y 98.71% 98.60% 91.38% 90.45% 74.61% 74.07%

NFC&PH 50.000 - 250.000  1Y 100.00% 100.00% 97.74% 97.73% 96.79% 96.78%
 5Y 98.54% 97.77% 88.57% 82.11% 70.53% 63.23%

 10Y 93.31% 89.21% 53.48% 39.79% 27.35% 19.93%
NFC&PH 10.000 - 50.000  1Y 99.99% 99.99% 98.11% 98.11% 97.36% 97.35%

 5Y 97.89% 97.10% 84.31% 79.66% 69.70% 65.39%
 10Y 91.18% 87.02% 51.19% 41.06% 30.07% 23.72%

NFC&PH < 10  1Y 99.45% 99.40% 96.63% 96.55% 95.17% 94.91%
 5Y 97.65% 97.39% 89.83% 89.12% 83.55% 83.30%

 10Y 94.72% 93.34% 76.93% 73.01% 64.04% 60.64%
CH,NSH&UI > 250  1Y 98.63% 97.84% 91.30% 87.64% 86.18% 81.72%

 5Y 94.11% 91.86% 68.47% 61.83% 49.44% 43.82%
 10Y 87.85% 84.75% 40.11% 33.79% 19.35% 16.59%

CH,NSH&UI 50.000 - 250.000  1Y 99.61% 99.17% 95.29% 92.40% 91.67% 87.73%
 5Y 96.71% 95.40% 76.15% 70.22% 56.18% 49.50%

 10Y 91.34% 88.59% 44.92% 36.46% 20.97% 16.81%
CH,NSH&UI 10.000 - 50.000  1Y 98.55% 98.56% 95.58% 95.59% 94.04% 93.98%

 5Y 97.26% 97.31% 89.67% 89.75% 82.50% 82.71%
 10Y 95.43% 95.50% 79.18% 79.33% 64.17% 64.90%

CH,NSH&UI < 10  1Y 97.54% 97.67% 94.09% 94.24% 92.53% 92.76%
 5Y 93.45% 93.93% 86.29% 86.85% 83.25% 83.66%

 10Y 89.92% 90.40% 79.91% 80.30% 75.90% 76.14%

 Expected  PCT 5%  PCT 1%



with the volume of the deposit; moreover, the model risk is quite large, since the difference 
between the option valued by using a 𝐶𝐶𝐶𝐶𝐶𝐶 + + model for rates is substantially lower than that 
valued by using the Extended Vasicek, for the simple reason that the latter allows for more 
extreme negative interest rates. The value of the option can be regarded as negligible when one 
considers only the results of the CIR++ model, but they are substantial when using the Extended 
Vasicek, which seems more appropriate in the current negative rate environment.  

The zero floor option’s results show that banks may be missing something really 
important in the measurement of the costs of the deposit liabilities, and in their risk 
management. Additionally, the choice of the model and its underlying assumptions and features 
should be carefully analysed, since the model risk is momentous.  

The results for the Duration and the 𝑊𝑊𝑊𝑊𝑊𝑊 are in Table 4 and 5, respectively: one can see 
that they have a negative correlation with the size of the deposits, both for the NFC&PH and the 
CH,NSH&UI, and in some cases it can even be grater to the cut-off period (10 years in our case) 
for the smallest sizes. Given the current low interest rate environment, the two metrics do not 
substantially differ; additionally, the model risk is not relevant in this case, since the results are 
similar either using a 𝐶𝐶𝐶𝐶𝐶𝐶 + + model for rates or the Extended Vasicek. 

The apparently strange result of a Duration, or a 𝑊𝑊𝑊𝑊𝑊𝑊, greater than the cut-off time of 
10 years, is explained by the fact that the amount of deposits is allowed to grow also above the 
initial value at time 0. This makes the Duration and the 𝑊𝑊𝑊𝑊𝑊𝑊, especially when calculated at the 
average volume path of the deposits, greater than the cut-off time. When the lower percentiles 
5% and 1% of the distribution of the volumes are considered, the values are smaller than the cut-
off time.   

The volume’s volatility is positively correlated with the amount of the deposit as Table 6 
shows with the results referring to the 𝑇𝑇𝑇𝑇𝑇𝑇 . In more detail, Table 6 shows the expected 
percentage of the initial deposit volume (for each cluster) at one year, five years and 10 years 
from the reference date. Also, the same result is shown at the 5th and 1st percentiles of the 
deposits’ volume distribution, so as to have a risk management metric of the available funding 
from this liability, at comfortable confidence levels. 

The most volatile clusters (i.e.: the ones with lowest volumes at the 5th and 1st percentiles) 
are the NFC&PH greater than 250.000 Eur and the CH,NSH&UI from 50.000 to 250.000 Eur and 
greater than 250.000 Eur, while the smallest clusters are almost insensitive. This can be explained 
by the fact that deposits whose size is greater than 100.000 Euro are not guaranteed by the 
Interbank Fund for the Protection of Deposits (FITD); hence such depositors could be more 
concerned than the others in smaller clusters if a stressed scenario led to the default of the bank.  

Also for the 𝑇𝑇𝑇𝑇𝑇𝑇, the model risk associated to the choice of the model used for the 
market interest rates, is not relevant. The 𝑇𝑇𝑇𝑇𝑇𝑇 for all the clusters of depositors are plotted in 
Appendix F, for the expected, 5th and 1st percentile levels. The visual representation show also 
the continuous path that does not appear in Table 6. 

 
5.1  Stress Test Analysis 
The framework we have presented is flexible enough to allow for its application in a stress 

test analysis. As a practical application to this type of stress exercise, we consider four of 
scenarios that the ECB designed to assess the sensitivity of European banks to change in the 
interest rate environment, see European Central Bank (2017b), (the scenarios were the same as 



in Basel Committee on Banking Supervision, 2016). 
We will operate in the following scenarios the same calculations we operated in the base 

zero rate curve scenario (i.e.: that of the reference date 31/12/2016) shown above: 
  
 UP: the base zero rate curve is bumped up by 200 bps;  
 DOWN: the base zero rate curve is bumped up by 200 bps;  
 FLATTENING: the base zero rate curve is tilted up at start of the curve and down 

at the end of the curve;  
 STEEPENER: the base zero rate curve is tilted down at start of the curve and up 

at the end of the curve;  
 
The details on the rule to create the zero rate curves in the FLATTENING and STEEPENING 

scenarios are described in the BIS document (Basel Committee on Banking Supervision, 2016) 
We will present the same metrics as above and we will stress how each scenario affects 

them by showing the difference between the value taken in each of the four settings and the 
expected value taken the base rate setting (i.e.: the result for the expected level in the Tables 1 
to 6). The results are calculated both with a 𝐶𝐶𝐶𝐶𝐶𝐶 + + and an Extended Vasicek model. 

Tables 7, 8, 9, 10, 11 present, for each cluster of depositors, the results for the economic 
value, the value of the liability, the zero rate floor value, the Duration and the Weighted Average 
Life. Table 12 shows, for each cluster of depositors, the results for the Term Structure of Liquidity 
at one, five and 10 years, which is also the cut-off time we chose. 

   

 
Table  7: Economic value for clusters of depositors. Differences between the value taken in the 

stressed scenario and the average value taken in the base rate scenario. 
   
   

 

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 -7.40% -7.78% 5.31% 5.33% -1.84% -1.97% 2.40% 2.28%
NFC&PH 50.000 - 250.000 -24.38% -30.09% 9.34% 12.09% -6.07% -5.41% 5.56% 6.68%
NFC&PH 10.000 - 50.000 -22.44% -22.44% 10.76% 10.76% -5.22% -5.22% 5.64% 5.64%
NFC&PH < 10 -19.11% -19.71% 13.67% 14.12% -4.04% -3.96% 5.93% 6.07%
CH,NSH&UI > 250 -33.59% -65.48% 7.57% 16.58% -7.85% -10.05% 3.41% 8.71%
CH,NSH&UI 50.000 - 250.000 -37.33% -53.64% 10.01% 17.36% -9.85% -9.15% 5.64% 9.47%
CH,NSH&UI 10.000 - 50.000 -21.65% -22.22% 14.34% 15.56% -4.93% -4.53% 5.90% 6.51%
CH,NSH&UI < 10 -19.36% -19.87% 14.30% 15.01% -3.95% -3.86% 5.56% 5.98%

 Down  Up  Flattening  Steepening

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 -7.85% -8.15% 5.91% 5.95% -1.36% -1.45% 2.08% 2.02%
NFC&PH 50.000 - 250.000 -24.82% -30.41% 9.90% 12.59% -5.59% -4.95% 5.23% 6.33%
NFC&PH 10.000 - 50.000 -22.89% -22.89% 11.31% 11.31% -4.75% -4.75% 5.31% 5.31%
NFC&PH < 10 -19.57% -20.16% 14.23% 14.66% -3.57% -3.50% 5.60% 5.73%
CH,NSH&UI > 250 -34.01% -65.64% 8.12% 17.08% -7.37% -9.56% 3.07% 8.35%
CH,NSH&UI 50.000 - 250.000 -37.75% -53.90% 10.57% 17.86% -9.37% -8.68% 5.31% 9.11%
CH,NSH&UI 10.000 - 50.000 -22.11% -22.67% 14.92% 16.11% -4.46% -4.08% 5.57% 6.17%
CH,NSH&UI < 10 -19.82% -20.32% 14.87% 15.56% -3.48% -3.41% 5.22% 5.64%

 Down  Up  Flattening  Steepening



Table  8: Value of the liability for clusters of depositors. Differences between the value taken in the 
stressed scenario and the average value taken in the base rate scenario. 

   
   

 
Table  9: Zero rate floor sold by the bank for clusters of depositors. Differences between the value 

taken in the stressed scenario and the average value taken in the base rate scenario. 
   
   

 
Table  10: Duration for clusters of depositors. Differences between the value taken in the stressed 

scenario and the average value taken in the base rate scenario. 
     

  
Table  11: Weighted average life for clusters of depositors. Differences between the value taken in the 

stressed scenario and the average value taken in the base rate scenario. 
  
   

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 50.000 - 250.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH 10.000 - 50.000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NFC&PH < 10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
CH,NSH&UI > 250 -17.21% -46.80% 0.04% 7.38% -3.69% -6.44% -0.30% 4.44%
CH,NSH&UI 50.000 - 250.000 -11.32% -22.11% 0.08% 4.16% -2.81% -3.07% -0.18% 2.43%
CH,NSH&UI 10.000 - 50.000 -3.37% -3.59% 0.05% 0.99% -0.92% -0.54% -0.11% 0.43%
CH,NSH&UI < 10 -2.27% -2.49% 0.04% 0.68% -0.60% -0.35% -0.09% 0.27%

 Down  Up  Flattening  Steepening

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 1.65 1.66 -1.51 -1.53 0.12 0.09 -0.32 -0.32
NFC&PH 50.000 - 250.000 4.79 4.58 -3.91 -3.92 0.11 0.05 -0.79 -0.69
NFC&PH 10.000 - 50.000 2.88 2.88 -2.55 -2.55 0.00 0.00 -0.42 -0.42
NFC&PH < 10 0.68 0.70 -0.74 -0.74 -0.06 -0.04 -0.07 -0.06
CH,NSH&UI > 250 5.57 4.62 -3.46 -3.69 0.85 0.58 -0.97 -1.01
CH,NSH&UI 50.000 - 250.000 4.57 3.96 -4.19 -4.08 0.33 0.20 -1.00 -0.93
CH,NSH&UI 10.000 - 50.000 0.18 0.20 -0.30 -0.28 -0.04 -0.03 -0.02 -0.01
CH,NSH&UI < 10 0.15 0.13 -0.07 -0.10 0.00 -0.02 0.03 0.01

 Down  Up  Flattening  Steepening

Cluster Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250 0.93 0.92 -0.83 -0.85 0.15 0.12 -0.24 -0.25
NFC&PH 50.000 - 250.000 6.02 6.54 -3.61 -3.97 0.61 0.48 -0.98 -1.06
NFC&PH 10.000 - 50.000 3.38 3.38 -2.29 -2.29 0.24 0.24 -0.52 -0.52
NFC&PH < 10 0.68 0.71 -0.62 -0.62 -0.02 0.00 -0.09 -0.08
CH,NSH&UI > 250 8.87 11.82 -3.30 -4.73 1.61 1.64 -1.10 -1.84
CH,NSH&UI 50.000 - 250.000 8.05 9.03 -4.10 -4.94 1.18 0.84 -1.35 -1.77
CH,NSH&UI 10.000 - 50.000 0.33 0.32 -0.18 -0.20 0.05 0.03 -0.03 -0.04
CH,NSH&UI < 10 0.10 0.08 0.07 0.02 0.01 -0.02 0.06 0.04

 Down  Up  Flattening  Steepening



 
Table  12: Term structure of liquidity for clusters of depositors. Differences between the value taken in 

the stressed scenario and the average value taken in the base rate scenario. 
   
The results clearly show that, in general, the sensitivity of the metrics to different 

scenarios is much greater when the Extended Vasicek model is used, for the usual reason that 
the latter allows for more extreme interest rates levels in the simulations. Additionally, UP and 
DOWN scenarios have a greater impact than the STEEPENING AND FLATTENING scenarios for all 
clusters of depositors.  

When analysing the single metrics, the 𝐸𝐸𝐸𝐸  and 𝐿𝐿𝐿𝐿  are identically (by construction) 
affected by the stressed scenarios: the metrics show a positive exposures to rates, meaning that 
the former metric increases , and the latter is less negative, when the term structure of interest 
rates shifts upward. In both cases, this is a positive outcome for the bank. The downward scenario 
produces almost mirrored results, thus having a negative impact for the bank; mooted, but 
equally symmetric, results are produced by the scenarios FLATTENING (negatively affecting the 
bank) and STEEPENING (positively affecting the bank). 

For the zero rate floor (see Table 9), the scenario DOWN produces the biggest impact on 
the starting value of the metric, for the obvious reason that it increases the moneyness (or the 
probability of being in the money) of the option. Also the FLATTENING scenario substantially and 
detrimentally affects the value of the option to the bank, given the starting shape of the term 
structure of the interest rates. On the other hand, the UP and STEEPENING scenarios have a 
limited impact on the value of the floor, and in both cases the outcome is positive to the bank. 

The Duration and the 𝑊𝑊𝑊𝑊𝑊𝑊 (Table 10 and 11) increase their starting values in the DOWN 

Cluster TSL Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas. Cir++  Ext. Vas.
NFC&PH > 250  1Y 0.36% 0.39% -0.41% -0.44% -0.26% -0.26% 0.20% 0.21%

 5Y 0.66% 0.69% -0.87% -0.88% -0.31% -0.29% 0.14% 0.17%
 10Y 0.85% 0.86% -1.06% -1.11% -0.23% -0.23% 0.06% 0.07%

NFC&PH 50.000 - 250.000  1Y 0.14% 0.12% -0.13% -0.14% -0.08% -0.08% 0.06% 0.06%
 5Y 1.35% 1.92% -6.80% -6.93% -1.04% -0.59% -0.10% -0.16%

 10Y 5.08% 7.71% -18.56% -17.80% -0.81% 1.76% -3.64% -4.68%
NFC&PH 10.000 - 50.000  1Y 0.08% 0.10% -0.09% -0.07% -0.07% -0.06% 0.07% 0.05%

 5Y 1.79% 2.38% -7.27% -7.39% -1.22% -0.82% -0.03% -0.11%
 10Y 6.55% 9.03% -19.77% -18.35% -0.67% 1.81% -4.40% -5.17%

NFC&PH < 10  1Y -1.15% -1.14% 0.34% 0.46% 0.27% 0.35% -0.51% -0.50%
 5Y -0.12% -0.01% -1.69% -1.47% -0.71% -0.53% -0.01% 0.05%

 10Y 1.93% 2.72% -7.14% -6.67% -0.59% 0.32% -1.47% -1.64%
CH,NSH&UI > 250  1Y 6.52% 7.46% -13.92% -13.56% -8.76% -8.23% 4.32% 4.67%

 5Y 9.97% 11.32% -16.68% -15.46% -6.87% -5.24% 0.98% 0.70%
 10Y 12.73% 14.15% -18.35% -16.69% -5.20% -2.84% -1.42% -1.87%

CH,NSH&UI 50.000 - 250.000  1Y 9.52% 10.04% -9.86% -9.93% -6.79% -6.68% 5.40% 5.36%
 5Y 11.61% 12.35% -13.56% -13.45% -5.94% -5.29% 3.24% 2.72%

 10Y 14.43% 15.65% -18.13% -17.56% -4.76% -3.03% 0.27% -0.90%
CH,NSH&UI 10.000 - 50.000  1Y 0.45% 0.46% -0.35% -0.33% -0.21% -0.18% 0.22% 0.27%

 5Y 0.85% 0.83% -0.57% -0.60% -0.12% -0.17% 0.16% 0.18%
 10Y 1.25% 1.24% -0.86% -0.90% 0.01% -0.01% 0.01% 0.01%

CH,NSH&UI < 10  1Y -0.03% -0.18% 1.71% 1.52% 1.10% 0.95% -0.09% -0.20%
 5Y 0.68% 0.30% 1.21% 0.73% 0.03% -0.26% 0.63% 0.33%

 10Y 1.18% 1.06% -0.18% -0.65% -0.04% -0.32% 0.50% 0.09%

 Down  Up  Flattening  Steepening



scenario, with the biggest impact occurring for the cluster CH,NSH&UI with volume greater than 
250,000 Eur. This result can be justified by the increased liquidity propension of depositors at 
lower rates’ levels, making them keep for longer periods money invested in sight deposit 
accounts. In fact, an almost symmetric result obtains in the UP scenario, confirming that the 
opposite decreasing liquidity propension generated by higher rates’ level, abates the Duration 
and the  𝑊𝑊𝑊𝑊𝑊𝑊. The FLATTENING and STEEPENING scenarios have a negligible impact on both 
metric. 

Finally, we analyse the results for the 𝑇𝑇𝑇𝑇𝑇𝑇 in Table 13: Firstly, it is worth noting that the 
Term Structure of Liquidity is affected by the stressed scenarios, thus confirming that the 
framework can be consistently adopted to measure both the interest rate and liquidity risk in a 
consistent and unified fashion, without work-arounds or ad hoc adjustments. 

Secondly, the main impact is produced by the DOWN and UP scenarios, the former taking 
the 𝑇𝑇𝑇𝑇𝑇𝑇 at higher values for almost all future dates, the latter shifting it at lower levels. The 
more sensitive cluster is also in this case CH,NSH&UI with volume greater than 250,000 Eur. 
Under a liquidity risk management perspective, the bank should be worried by a parallel increase 
of the interest rates, but also the FLATTENING scenario has some appreciable negative effect on 
the 𝑇𝑇𝑇𝑇𝑇𝑇, for almost all clusters and maturities. 

 
 
6  Conclusion 
We have presented a framework to create a toolkit for Supervisors and banks to 

benchmark the profitability and the risk of sight deposit of a bank with respect to the banking 
industry of a given economic system. 

The framework enhances the deposit modelling, commonly adopted within banks, in 
many respects: i) it allows for an integrated modelling of the market interest rates, 
creditworthiness of the bank and evolution of the deposits’ volume; ii) it is based on stochastic 
risk factors, thus being similar to the approaches used to evaluate the most complex derivatives; 
iii) interest rate risk and liquidity risk can be measured and monitored in a unified and consistent 
fashion; iv) it explicitly allows for negative interest rates, both at inception and in the future; v) it 
allows for the evaluation of optionalities such as the zero floor on the deposits rates; vi) it can be 
used for IRRBB stress testing purposes. 

We presented a set of benchmark metrics to assess the profitability (including 
optionalities), the interest rate risk and the liquidity risk. We showed a practical application, by 
calibrating the building blocks of the framework to the public data for the Italian banking system, 
available from Banca d’Italia. We also show how changing the underlying modelling assumptions 
for the interest rate affect the benchmark metrics. 

Notwithstanding the greater complexity of the framework, the calibration of its building 
blocks is relatively straightforward when operated by the BACE methodology. The integrated and 
holistic feature of the approach allow Supervisors to effectively challenge the risk management 
of non-maturing deposits by a bank. 
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Appendix 
  
A  Risk Factors Models and Data 

 
 A.1 CIR++ Model 

The 𝐶𝐶𝐶𝐶𝐶𝐶 + + is an extension, due to Brigo and Mercurio (2007), of the 𝐶𝐶𝐶𝐶𝐶𝐶 dynamics 
introduced by Cox, Ingersoll and Ross (1985) model. In this setting, the dynamics of the 
instantaneous risk-free rate 𝑟𝑟𝑡𝑡 is given by the sum of a deterministic time function component 
𝜓𝜓𝑡𝑡 and a stochastic variable 𝑥𝑥𝑡𝑡, which follows a mean reverting square-root process, the original 
CIR dynamics:  

 
 𝑟𝑟𝑡𝑡 = 𝜓𝜓𝑡𝑡 + 𝑥𝑥𝑡𝑡, (1) 

  
 𝑑𝑑𝑥𝑥𝑡𝑡 = 𝜅𝜅𝑥𝑥(𝜃𝜃𝑥𝑥 − 𝑥𝑥𝑡𝑡)𝑑𝑑𝑑𝑑 + 𝜎𝜎𝑥𝑥�𝑥𝑥𝑡𝑡𝑑𝑑𝑊𝑊𝑡𝑡

𝑥𝑥  (2) 
 

where 𝜅𝜅𝑥𝑥 , 𝜃𝜃𝑥𝑥  and 𝜎𝜎𝑥𝑥  are the parameters of the CIR dynamics and 𝑊𝑊𝑥𝑥  represents the 
Wiener process. 

The deterministic function 𝜓𝜓𝑡𝑡 can be calibrated to the zero rate curve on the reference 
date 𝑡𝑡0, so as to make the model perfectly fitted to the market quoted rates. 

Starting from this dynamics we can compute a zero-coupon bond price with maturity time 
𝑇𝑇 as follows:  

 𝑃𝑃(𝑡𝑡,𝑇𝑇) = 𝑒𝑒−∫
𝑇𝑇
𝑡𝑡 𝜓𝜓𝑠𝑠𝑑𝑑𝑑𝑑𝐴𝐴(𝑡𝑡,𝑇𝑇)𝑒𝑒−𝐵𝐵(𝑡𝑡,𝑇𝑇)𝑥𝑥𝑡𝑡 (3) 

 
 where the functions 𝐴𝐴(𝑡𝑡,𝑇𝑇) and 𝐵𝐵(𝑡𝑡,𝑇𝑇) are defined as:  
 

 𝐴𝐴(𝑡𝑡,𝑇𝑇) = � 2𝛾𝛾exp[(𝜅𝜅𝑥𝑥+𝛾𝛾)(𝑇𝑇−𝑡𝑡)/2]
2𝛾𝛾+(𝜅𝜅𝑥𝑥+𝛾𝛾)(exp[(𝑇𝑇−𝑡𝑡)𝛾𝛾]−1)

�
𝜈𝜈
2 

 
 𝐵𝐵(𝑡𝑡,𝑇𝑇) = 2exp[𝛾𝛾(𝑇𝑇−𝑡𝑡)]−1)

2𝛾𝛾+(𝜅𝜅𝑥𝑥+𝛾𝛾)(exp[𝛾𝛾(𝑇𝑇−𝑡𝑡)]−1)
 

 
 𝛾𝛾 = �𝜅𝜅𝑥𝑥2 + 2𝜎𝜎𝑥𝑥2 

 
 𝜈𝜈 = 4𝜅𝜅𝑥𝑥𝜃𝜃𝑥𝑥

𝜎𝜎𝑥𝑥2
 

 
The CIR process 𝑥𝑥(𝑡𝑡) has a lower reflecting barrier at 0, so that negative rates can be produced 
only by the deterministic function 𝜓𝜓𝑡𝑡. This means that future scenarios with negative rates are 
strongly limited to the starting conditions prevailing at the reference date when 𝜓𝜓𝑡𝑡 is calibrated 
to market rate quotes. 

 
A.2 Extended Vasicek Model 

In the extended Vasiceck model (1977), the dynamics of the instantaneous risk-free rate 
𝑟𝑟𝑡𝑡 is given by the sum of a deterministic time function component 𝜓𝜓𝑡𝑡 and a stochastic variable 



𝑥𝑥𝑡𝑡, which follows a mean reverting Ornstein-Uhlenbeck process:  
 
 𝑟𝑟𝑡𝑡 = 𝜓𝜓𝑡𝑡 + 𝑥𝑥𝑡𝑡, (4) 

  
 𝑑𝑑𝑥𝑥𝑡𝑡 = 𝜅𝜅𝑥𝑥(𝜃𝜃𝑥𝑥 − 𝑥𝑥𝑡𝑡)𝑑𝑑𝑑𝑑 + 𝜎𝜎𝑥𝑥𝑑𝑑𝑊𝑊𝑡𝑡

𝑥𝑥 (5) 
 

where 𝜅𝜅𝑥𝑥 , 𝜃𝜃𝑥𝑥  and 𝜎𝜎𝑥𝑥  are the parameters of the Ornsteinâ€“Uhlenbeck dynamics and 𝑊𝑊𝑥𝑥 
represents a Wiener process. In this case, 𝑥𝑥(𝑡𝑡) is not bounded below at 0, but it can take also 
negative values, so that future scenarios can have more negative rate’s levels than those 
achievable by the CIR++ model (see Brigo and Mercurio (2007) for a detailed discussion). 

The zero-coupon bond price at time 𝑡𝑡 with maturity at time 𝑇𝑇 has the same functional 
form as in equation (3), with modified functions 𝐴𝐴(𝑡𝑡,𝑇𝑇) and 𝐵𝐵(𝑡𝑡,𝑇𝑇):  

 
 𝐴𝐴(𝑡𝑡,𝑇𝑇) = exp ��𝜃𝜃𝑥𝑥 − 𝜎𝜎𝑥𝑥2

2𝜅𝜅𝑥𝑥2
� [𝐵𝐵(𝑡𝑡,𝑇𝑇) − 𝑇𝑇 + 𝑡𝑡] − 𝜎𝜎𝑥𝑥2

4𝜅𝜅𝑥𝑥
𝐵𝐵(𝑡𝑡,𝑇𝑇)2� 

 
 𝐵𝐵(𝑡𝑡,𝑇𝑇) = 1

𝜅𝜅𝑥𝑥
[1 − exp[−𝜅𝜅𝑥𝑥(𝑇𝑇 − 𝑡𝑡)]] 

 
Regardless of the model, from the zero coupon bond pricing formula (3) (with the proper 
𝐴𝐴(𝑡𝑡,𝑇𝑇)  and 𝐵𝐵(𝑡𝑡,𝑇𝑇)  functions), we can derive the simply compounded Eonia swap rate 
𝑅𝑅(𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖) for a maturity time Δ𝑡𝑡, which in our case is equal to 30

365
= 1 month. In a generic 

form, the simply compounded rate between time 𝑡𝑡𝑖𝑖−1 and 𝑡𝑡𝑖𝑖 valued at time 𝑡𝑡𝑖𝑖: 
  

 𝑅𝑅(𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖) ≡ 𝑅𝑅(𝑡𝑡𝑖𝑖) = � 1
   𝐸𝐸 [𝐷𝐷(𝑡𝑡𝑖𝑖−1,𝑡𝑡𝑖𝑖)]

− 1� 1
Δ𝑡𝑡

 (6) 
 
where 𝐷𝐷(𝑠𝑠, 𝑡𝑡) = exp(−∫𝑡𝑡𝑠𝑠 𝑟𝑟𝑢𝑢𝑑𝑑𝑑𝑑) represents the discount factor up to time 𝑡𝑡. Conditioned at 
the value 𝑟𝑟(𝑠𝑠), in the 𝐶𝐶𝐶𝐶𝐶𝐶 + + or Extended Vasicek setting    𝐸𝐸 [𝐷𝐷(𝑠𝑠, 𝑡𝑡)] = 𝑃𝑃(𝑠𝑠, 𝑡𝑡); at time 𝑡𝑡0, 
we have: 
  

 𝑅𝑅(𝑡𝑡0, 𝑡𝑡1) = � 1
𝑃𝑃(𝑡𝑡0,𝑡𝑡1)

− 1� 1
Δ𝑡𝑡

 (7) 
 
The 1M Eonia rate is the proxy we use in our analysis for the short-term interest rate. 

 
A.3  Credit Default Swap Index 
The CDS index spread is modelled with a standard CIR dynamics:  
 
 𝑑𝑑𝑆𝑆𝑡𝑡 = 𝜅𝜅𝑆𝑆(𝜃𝜃𝑆𝑆 − 𝑆𝑆𝑡𝑡)𝑑𝑑𝑑𝑑 + 𝜎𝜎𝑆𝑆�𝑆𝑆𝑡𝑡𝑑𝑑𝑊𝑊𝑡𝑡

𝑆𝑆 (8) 
 
where 𝜅𝜅𝑆𝑆 ,𝜃𝜃𝑆𝑆 and 𝜎𝜎𝑆𝑆 are the parameters of the model and 𝑊𝑊𝑡𝑡

𝑆𝑆 is the Wiener process.  
 
 

A.4 Zero Rate Curves 



In Table 14 we show the zero rate curve extracted from market quotes of Eonia swap 
prices on the reference date 31/12/2016; the Table shows also the curves used in the stressed 
scenarios of the analysis of Section 5.1. 

   

 
Table  13: Zero rate curve extracted from market quote of Eonia swap on the Reference Date, and zero 

rate curve used in the four scenarios of the stress test analysis. 
 

B  An overview of the BACE Methodology 
The BACE methodology can be summarised in four steps:   

Tenor  Ref.Date  Up  Down Steepening  Flattening
1M -0.35% 1.65% -2.35% -1.92% 1.60%
3M -0.35% 1.65% -2.35% -1.82% 1.50%
6M -0.35% 1.65% -2.35% -1.68% 1.35%
1Y -0.34% 1.66% -2.34% -1.41% 1.08%

1.25Y -0.34% 1.66% -2.34% -1.29% 0.96%
1.5Y -0.34% 1.66% -2.34% -1.07% 0.74%
2Y -0.33% 1.67% -2.33% -0.97% 0.64%
3Y -0.30% 1.70% -2.30% -0.59% 0.33%
4Y -0.25% 1.75% -2.25% -0.28% 0.11%
5Y -0.16% 1.84% -2.16% 0.01% -0.02%
7Y 0.07% 2.07% -1.93% 0.53% -0.08%
8Y 0.20% 2.20% -1.80% 0.76% -0.05%
9Y 0.32% 2.32% -1.68% 0.96% 0.00%

10Y 0.44% 2.44% -1.56% 1.13% 0.05%
11Y 0.54% 2.54% -1.46% 1.28% 0.11%
12Y 0.63% 2.63% -1.37% 1.41% 0.16%
13Y 0.70% 2.70% -1.30% 1.50% 0.20%
14Y 0.77% 2.77% -1.23% 1.59% 0.25%
15Y 0.84% 2.84% -1.16% 1.68% 0.30%
16Y 0.87% 2.87% -1.13% 1.73% 0.32%
17Y 0.91% 2.91% -1.09% 1.77% 0.35%
18Y 0.94% 2.94% -1.06% 1.81% 0.37%
19Y 0.98% 2.98% -1.02% 1.86% 0.40%
20Y 1.01% 3.01% -0.99% 1.90% 0.43%
21Y 1.03% 3.03% -0.97% 1.91% 0.44%
22Y 1.04% 3.04% -0.96% 1.93% 0.45%
23Y 1.05% 3.05% -0.95% 1.94% 0.46%
24Y 1.06% 3.06% -0.94% 1.96% 0.47%
25Y 1.08% 3.08% -0.92% 1.97% 0.48%



    1.  Identify 𝐾𝐾 explanatory variables;  
    2.  Define the number of lags 𝑞𝑞 for each explanatory variable that can possibly 

enter into a regression equation, determining the total number of regressors 𝐾𝐾 × 𝑞𝑞;  
    3.  Select all the possible combinations based in the maximum number 𝐿𝐿 of 

variables that can enter in a regression equation;7  
    4.  Estimate a classical linear regression for each combination, evaluate its 

soundness and include it with a proper weight in the final model  
 Each model in step 4 will be evaluated according to its robustness and the conformity of 

the sign of the regressors’ coefficient with the expected ones. If the tests on residuals cannot 
exclude that they are autocorrelated, then the equation is re-estimated by allowing for an AR(1) 
on the errors.8 

If the model is accepted, then it will be weighted with a rule that is shown in Section B of 
the Appendix, and included in the final model equation, which will contain all regressors, each 
one with a coefficient resulting from the weighted sum of all the coefficients appearing in the 
single equations. 

Hence, the model space is given by all possible combinations of regressors from the set 
of 𝐾𝐾 × 𝑞𝑞 variables, with the dimension of each model set at a predefined number of regressors 
𝐿𝐿 ≤ 𝐾𝐾 × 𝑞𝑞. When all combinations of variables in the model with 𝐿𝐿 regressors are considered, 
the total number of possible models 𝐽𝐽 can be computed as:   

 
 𝐽𝐽 = ∑𝐿𝐿

𝑙𝑙=1
(𝐾𝐾×𝑞𝑞)!

𝑙𝑙!(𝐾𝐾×𝑞𝑞−𝑙𝑙)!
 (9) 

 
The model posterior probability, used to weight the coefficient of regressors in the BACE 

procedure, is calculated for each possible regression equation as:  

 𝑃𝑃(𝑀𝑀𝑗𝑗|𝑦𝑦) =
𝑃𝑃(𝑀𝑀𝑗𝑗)𝑇𝑇−𝑘𝑘𝑗𝑗/2𝑅𝑅𝑅𝑅𝑆𝑆𝑗𝑗

−𝑇𝑇𝑗𝑗/2

∑𝐼𝐼𝑖𝑖=1 𝑃𝑃(𝑀𝑀𝑖𝑖)𝑇𝑇−𝑘𝑘𝑖𝑖/2𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖−𝑇𝑇𝑖𝑖/2
 

where 𝑅𝑅𝑅𝑅𝑆𝑆𝑗𝑗  is the sum of square residuals, 𝑇𝑇  are the number of observation, 𝑘𝑘𝑗𝑗  is the 
number of regressors of the model 𝑗𝑗 (identified as 𝑀𝑀𝑗𝑗, from a total of 𝐼𝐼 possible models), and 
𝑦𝑦 is the vector of available data. 𝑃𝑃(𝑀𝑀𝑗𝑗) is the prior probability that we imposed to have a 
uniform distribution:9  

 𝑃𝑃(𝑀𝑀𝑗𝑗) = 𝑘𝑘/𝐾𝐾. 
Using the posterior probability, the conditional expected coefficient values for each regressor 
can be calculated as:  

    𝐸𝐸 [𝛽𝛽𝑗𝑗|𝑦𝑦] = ∑𝐼𝐼
𝑖𝑖=1 𝑃𝑃(𝑀𝑀𝑖𝑖|𝑦𝑦)𝛽̂𝛽𝑖𝑖,𝑗𝑗 

where 𝛽̂𝛽𝑖𝑖,𝑗𝑗 is the coefficient estimates using the OLS procedure in the model 𝑖𝑖 for the regressor 
𝑗𝑗. The inclusion posterior probability is defined as:  

 𝑃𝑃(𝛽𝛽𝑗𝑗|𝑦𝑦) = ∑𝑀𝑀
𝑖𝑖=1 𝑃𝑃(𝑀𝑀𝑖𝑖|𝑦𝑦)𝐻𝐻1,      𝐻𝐻1 = �

1, if𝛽𝛽𝑗𝑗 ∈ 𝑀𝑀𝑖𝑖
0, if𝛽𝛽𝑗𝑗 ∉ 𝑀𝑀𝑖𝑖

 

It provides the probability that a regressor enters in the final model regression. 
 

7 We preliminary calculate the correlation between two regressors: if it is above 80% we prevent them to enter simultaneously in the same 
regression equation. 
8 A standard Cochrane-Orcutt procedure is used for the estimation. 
9 This is a simple assumption that can be relaxed by assigning any other distribution form, if it is considered more appropriate by the estimator. 



 
C  Models for Deposit Rate and Volume 
The final model equation for the deposit interest rate is given by:  
  
 𝐼𝐼(𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖) = 𝐼𝐼(𝑡𝑡𝑖𝑖) = 𝛼𝛼 + ∑𝐾𝐾

𝑘𝑘=1 [(𝛽𝛽0𝑘𝑘𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖)+. . . +𝛽𝛽𝑞𝑞𝑘𝑘𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖−𝑞𝑞))] + 𝜂𝜂𝑡𝑡𝐼𝐼  (10) 
 
where 𝐼𝐼(𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖) is the deposit interest rate for the period [𝑡𝑡𝑖𝑖−1, 𝑡𝑡𝑖𝑖] and 𝜂𝜂𝑡𝑡𝐼𝐼 = 𝜌𝜌𝜂𝜂𝑡𝑡−1𝐼𝐼 + 𝜖𝜖𝑡𝑡𝐼𝐼, so 
that we allow the error term to be autoregressive of order 1. 

The regressors 𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖)  are shown in Table 14, where also the expected sign are 
indicated. So, we have four main explanatory variables: the market interest rate, the QoQ 
variation of market interest rate, the CDS index, and the variation of the CDS index. For each of 
the four variables, we calculate the moving average for one, two and four quarters. This means 
we have 𝐾𝐾 = 12 explanatory variables. Each of them can enter in a model equation with lag 0, 
1 and 2 quarters, which means we have 𝑞𝑞 = 3 lags. Therefore, we can identify four groups of 9 
variables each (see Table 14), for a total number of regressors of 12 × 3 = 36. 

Each model equation is allowed to have 𝐿𝐿 = 4 regressors, chosen from the total of 36 
regressors, which means, from formula (9), that we have 66,711 possible combinations, or 
model equations. To curb this number, we force each model equation to have only one variable 
taken from each of the four groups, which cuts downs the number of possible models to 9,999. 

The deposit volume at time 𝑡𝑡𝑖𝑖 , 𝐷𝐷(𝑡𝑡_𝑖𝑖), is similarly defined as a function of the same 
explanatory variables (or their transformations) as for the deposit interest rate, to which we add 
the deposit rate itself and the spread between the deposit and the market rates. Table 15 shows 
all the regressors for the deposit volume. Additionally, we allow also for seasonality effects, by 
adding a constant 𝛾𝛾_𝑖𝑖 for each of the four quarters. The final model is:  

  
Δln(𝐷𝐷(𝑡𝑡𝑖𝑖)) = 𝛼𝛼 + ∑4

𝑖𝑖=1 𝛾𝛾𝑖𝑖1{𝑄𝑄𝑢𝑢𝑖𝑖 = 1} + ∑𝐾𝐾
𝑘𝑘=1 [(𝛽𝛽0𝑘𝑘𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖)+. . . +𝛽𝛽𝑞𝑞𝑘𝑘𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖−𝑞𝑞))] + 𝜂𝜂𝑡𝑡𝐷𝐷 (11) 

 
where 𝜂𝜂𝑡𝑡𝐷𝐷 = 𝜌𝜌𝜂𝜂𝑡𝑡−1𝐷𝐷 + 𝜖𝜖𝑡𝑡𝐷𝐷 , and 𝑄𝑄𝑢𝑢𝑖𝑖  is the 𝑖𝑖 -th quarter (with Jan/Feb/Mar being the first 
quarter). 

The regressors 𝑋𝑋𝑘𝑘(𝑡𝑡𝑖𝑖), and theirs expected signs, are shown in Table 15. There are eight 
main explanatory variables: the market and deposit interest rates, the spread between them, the 
QoQ variations of market and deposit interest rate, the QoQ variations of the spread between 
them, the CDS index, and QoQ variation of the CDS index. For each of these eight variables, we 
calculate the moving average for one, two and four quarters. 

Then we have 𝐾𝐾 = 24 explanatory variables that can enter a model equation with lag 0, 
1 and 2 quarters, which means we have 𝑞𝑞 = 3 lags; so, we have four groups, two of which 
containing 27 variables and the other two containing 9 variables each (see Table 16), for a total 
number of regressors of 24 × 3 = 72. 

Also in this case, we set the number of variables included in each model to 𝐿𝐿 = 4, so that 
we have, from formula (9), 1,091,058 possible combinations. We reduce this number by forcing 
each model to have only one variable from each of the four groups, thus limiting the total number 
of combinations to 78,399. 

The regressor used for the models of the volume and deposit rates are in the following 



tables. 
 
   

  
Table  14: Regressors used for the deposit rate model and the expected sign they should have in each 

model equation. 
  
   

Group Regressor  Label  Description
Expected 

Sign
  1 quarter Mov. Avg. of Eonia 1M  +

   1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters  +
   2 quarters Mov. Avg. of Eonia 1M  +

1 Market Rate   2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  +
   4 quarters Mov. Avg. of Eonia 1M  +
   4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  +

  Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M  +
   Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters  +
   Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M  +

2 ∆Market Rate   Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  +

  1 quarter Mov. Avg. of CDS when higher than 300 bps  +
   1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 1 Quarter  +
   1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 2 Quarters  +
   2 quarters Mov. Avg. of CDS  +

3 CDS Index   2 quarters Mov. Avg. of CDS, Lag 1 Quarter  +
   2 quarters Mov. Avg. of CDS, Lag 2 Quarters  +
   4 quarters Mov. Avg. of CDS  +
   4 quarters Mov. Avg. of CDS, Lag 1 Quarter  +
   4 quarters Mov. Avg. of CDS, Lag 2 Quarters  +

  Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS  +
   Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 1 Quarter  +
   Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 2 Quarters  +
   Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS  +

4  ∆CDS Index   Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 1 Quarter  +
   Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 2 Quarters  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 1 Quarter  +
   Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 2 Quarters  +



 

Group Regressor  Label  Description
Expected 

Sign
  1 quarter Mov. Avg. of Eonia 1M  -

    1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
    2 quarters Mov. Avg. of Eonia 1M  -
 Market Rate   2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
    4 quarters Mov. Avg. of Eonia 1M  -
    4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
   1 quarter Mov. Avg. of Deposit Rate  +
    1 quarter Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    1 quarter Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
    2 quarters Mov. Avg. of Deposit Rate  +
1 Deposit Rate   2 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    2 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
    4 quarters Mov. Avg. of Deposit Rate  +
    4 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    4 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
   1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate)  -
    1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters  -
    2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate)  -
  Spread   2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters  -
   4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate)  -
    4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters  -

  Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M  -
 ∆Market Rate   Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 1 Quarter  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Eonia 1M, Lag 2 Quarters  -
   Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate  +
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate  +
2 ∆Deposit Rate   Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate  +
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate, Lag 1 Quarter  +
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Deposit Rate, Lag 2 Quarters  +
   Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate)  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of Spread (Eonia 1M-Dep.Rate), Lag 2 Quarters  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep.Rate)  -
 ∆Spread   Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate)  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 1 Quarter  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of Spread (Eonia 1M-Dep. Rate), Lag 2 Quarters  -

  1 quarter Mov. Avg. of CDS when higher than 300 bps  -
    1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 1 Quarter  -
    1 quarter Mov. Avg. of CDS when higher than 300 bps, Lag 2 Quarters  -
    2 quarters Mov. Avg. of CDS  -
3 CDS Index   2 quarters Mov. Avg. of CDS, Lag 1 Quarter  -
    2 quarters Mov. Avg. of CDS, Lag 2 Quarters  -
    4 quarters Mov. Avg. of CDS  -
    4 quarters Mov. Avg. of CDS, Lag 1 Quarter  -
    4 quarters Mov. Avg. of CDS, Lag 2 Quarters  -

  Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 1 Quarter  -
    Absolute Variation QoQ of 1 quarter Mov. Avg. of CDS, Lag 2 Quarters  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS  -
4 ∆CDS Index   Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 1 Quarter  -
    Absolute Variation QoQ of 2 quarters Mov. Avg. of CDS, Lag 2 Quarters  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 1 Quarter  -
    Absolute Variation QoQ of 4 quarters Mov. Avg. of CDS, Lag 2 Quarters  -



  
Table  15: Regressors used for the deposit volume model and the expected sign they should have in 

each model equation. 
   



  
D  Details on the Calibration of the CDS Index Dynamics 
The 𝐶𝐶𝐶𝐶𝐶𝐶 + + and the extended Vasicek models for the short rate are calibrated by a 

procedure in two steps:   
 the parameters 𝜅𝜅𝑥𝑥,𝜃𝜃𝑥𝑥  and 𝜎𝜎𝑥𝑥  relative to the stochastic part 𝑥𝑥𝑡𝑡  of either 

𝐶𝐶𝐶𝐶𝐶𝐶 + + and the extended Vasicek model, have been estimated by means of a 
Kalman filter calibration and the starting point 𝑟𝑟(𝑡𝑡0) is set equal to the last value 
of the time series for the shortest maturity rate (O/N), (in case of 𝐶𝐶𝐶𝐶𝐶𝐶 + + this 
occurs if the rate is positive, otherwise it is set equal to 0.01%). In our calibration 
the estimated parameters and the initial value are shown in Table 16.10  

 the function 𝜓𝜓𝑡𝑡 is determined by imposing an exact fit of the 𝐶𝐶𝐶𝐶𝐶𝐶 + + model 
to the discount factors derived from Eonia swap rates’ term structure on the last 
date of the calibration time series (end December 2016).  

For the CDS index, the 𝐶𝐶𝐶𝐶𝐶𝐶 dynamics is calibrated to the time series of the index by a 
procedure suggested by Brigo et al. (2007).  

The 𝐶𝐶𝐶𝐶𝐶𝐶  model is calibrated to the time series of the CDS index by a procedure 
suggested by Brigo et al. [4]. The dynamic of the process can be written as:  

 
 𝑑𝑑𝑆𝑆𝑡𝑡 = 𝜅𝜅𝑆𝑆(𝜃𝜃𝑆𝑆 − 𝑆𝑆𝑡𝑡)𝑑𝑑𝑑𝑑 + 𝜎𝜎𝑆𝑆�𝑆𝑆𝑡𝑡𝑑𝑑𝑊𝑊𝑡𝑡

𝑆𝑆 (12) 
where 𝜅𝜅𝑆𝑆, 𝜃𝜃𝑆𝑆, 𝜎𝜎𝑆𝑆 > 0 and 𝑊𝑊𝑆𝑆 is the Wiener process. 

To ensure that 𝑆𝑆𝑡𝑡 is always strictly positive one needs to impose the Feller condition: 
  
 𝜎𝜎𝑆𝑆2 ≤ 2𝜅𝜅𝑆𝑆𝜃𝜃𝑆𝑆 . 

 
The simulation of the 𝐶𝐶𝐶𝐶𝐶𝐶  process can be done using a recursive discrete version of the 
stochastic differential equation (26) with discretised time steps 𝑡𝑡𝑖𝑖: 
  

 𝑆𝑆(𝑡𝑡𝑖𝑖) = 𝜅𝜅𝑆𝑆𝜃𝜃𝑆𝑆Δ𝑡𝑡 + (1 − 𝜅𝜅𝑆𝑆Δ𝑡𝑡)𝑆𝑆𝑡𝑡𝑖𝑖−1 + 𝜎𝜎𝑆𝑆�𝑆𝑆𝑡𝑡𝑖𝑖−1Δ𝑡𝑡 𝜖𝜖(𝑡𝑡𝑖𝑖) 
 
with error terms 𝜖𝜖(𝑡𝑡𝑖𝑖) following a Gaussian distribution. 

For 𝐶𝐶𝐶𝐶𝐶𝐶 processes we have the following exact conditional distribution:  
 

 𝑓𝑓(𝑆𝑆(𝑡𝑡𝑖𝑖)|𝑆𝑆𝑡𝑡𝑖𝑖−1) = 𝑐𝑐𝑒𝑒−𝑢𝑢−𝑣𝑣 �𝑣𝑣
𝑢𝑢
�
𝑞𝑞
2 𝐼𝐼𝑞𝑞(2√𝑢𝑢𝑢𝑢) 

 
where  

 𝑐𝑐 = 2𝜅𝜅𝑆𝑆
𝜎𝜎𝑆𝑆
2(1−𝑒𝑒−𝜅𝜅𝑆𝑆Δ𝑡𝑡)

 

 
 𝑢𝑢 = 𝑐𝑐𝑆𝑆𝑡𝑡𝑖𝑖𝑒𝑒

−𝜅𝜅𝑆𝑆Δ𝑡𝑡 
 

 𝑣𝑣 = 𝑐𝑐𝑆𝑆𝑡𝑡𝑖𝑖−1  

 
10 More details on the Kalman filter calibration of the 𝐶𝐶𝐶𝐶𝐶𝐶 + + model can be found in Castagna and Fede (2013). 



 
 𝑞𝑞 = 2𝜅𝜅𝑆𝑆𝜃𝜃𝑆𝑆

𝜎𝜎𝑆𝑆
2 − 1 

 
with 𝐼𝐼𝑞𝑞 the modified Bessel function of the first kind of order 𝑞𝑞 and Δ𝑡𝑡 = 𝑡𝑡𝑖𝑖 − 𝑡𝑡𝑖𝑖−1. 

To calibrate this model we apply the maximum likelihood estimation with starting 
parameters equal to: 

  
 𝜅𝜅(𝑡𝑡0) = − log(𝑏𝑏)

Δ𝑡𝑡
 

 
 𝜃𝜃(𝑡𝑡0) =    𝐸𝐸 (𝑆𝑆𝑡𝑡) 

 
 𝜎𝜎(𝑡𝑡0) = 2𝑏𝑏   𝑉𝑉𝑉𝑉𝑉𝑉 (𝑆𝑆𝑡𝑡)

𝜃𝜃(𝑡𝑡0)
 

 
where 𝑏𝑏 is the coefficient obtained from a standard OLS estimation on our data. 

The results of the calibration for the interest rates (boh for the CIR++ and Extended 
Vasicek models) and for the CDS index spread, are given in Table 16. 

   
   Market Rate     

 𝐶𝐶𝐶𝐶𝐶𝐶++ Vasicek CDS Index 
𝜅𝜅  0.030885 0.019720 0.165479 
𝜃𝜃  0.046416 0.096114 0.025289 
𝜎𝜎  0.053545 0.009691 0.072165 
 

Table  16: Calibrated parameters for the market risk factors. 
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Table 17. Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability greter than 0.0001% are shown). 
 
 

   

Description
 

Coefficient
 Posterior 

Probability  p-Value
   AR(1) residual 0.8738 1  
Constant 0 1 0
month moving average of Eonia 1M, Lag 1 0.7911 0.9938 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.259 0.9896 0
month moving average of CDS, Lag 1 0.193 0.901 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0.0137 0.1957 0.036
month moving average of CDS when higher than 300 bps, Lag 0 0.0023 0.1262 0.032
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 0.0044 0.1093 0.034
month moving average of CDS, Lag 2 0.0208 0.0979 0
month moving average of CDS when higher than 300 bps, Lag 1 0.0011 0.0822 0.04
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 0.0001 0.0629 0.06
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0.0047 0.0094 0
month moving average of Eonia 1M, Lag 1 0.0024 0.0031 0
month moving average of Eonia 1M, Lag 2 0.0024 0.0031 0
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0.0001 0.0007 0
month moving average of CDS, Lag 2 0.0001 0.0006 0
month moving average of CDS when higher than 300 bps, Lag 2 0 0.0002 0
month moving average of CDS, Lag 1 0 0.0002 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 0 0.0002 0
month moving average of CDS, Lag 0 0 0.0002 0
month moving average of CDS, Lag 1 0 0.0002 0

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 26%  Passed
stat dwatson  Durbin Watson Statistic 2.34  Passed
pval durbinalt  Pvalue test Durbin-Alt 27%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 14%  Passed
pval sfrancia  Pvalue test Shapiro Francia 8%  Passed
pval SKskew  Pvalue test Skewness 48%  Passed
pval SKkurt  Pvalue test Kurtness 27%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 40%  Passed
pval ttest  Pvalue T-test sui Residui 29%  Passed



 
Table 18. Statistical tests 

 

   
Figure  6: Posterior probabilities of all regressors. 

     
Figure  7: Autocorrelation function of residuals 

     
Figure  8: Histogram of residuals 

     
Figure  9: Plot of actual and fitted values. 

  
 
 

  



Non financial corporations and producer households, from 50.000 to 250.000 Euros 
 

 
   

Table 19: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability greter than 0.0001% are shown). 

 
   

 
 

Table 20: Statistical tests 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.8975 1  
Constant 0.0015 1 0.01
month moving average of Eonia 1M, Lag 1 0.3482 0.9678 0
month moving average of CDS when higher than 300 bps, Lag 1 0.0141 0.8704 0.045
month moving average of CDS, Lag 1 0.006 0.0961 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0.0093 0.0483 0.011
month moving average of CDS when higher than 300 bps, Lag 2 0.0004 0.0223 0
month moving average of Eonia 1M, Lag 1 0.0059 0.0161 0
month moving average of Eonia 1M, Lag 2 0.0059 0.0161 0
month moving average of CDS, Lag 2 0.0008 0.0126 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0.0004 0.0125 0
month moving average of CDS, Lag 1 0.0003 0.0093 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.0005 0.0085 0
month moving average of CDS, Lag 0 0.0001 0.0053 0.002
month moving average of CDS, Lag 0 0 0.003 0.001
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0 0.0001 0
month moving average of CDS, Lag 2 0 0.0001 0

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 77%  Passed
stat dwatson  Durbin Watson Statistic 1.9  Passed
pval durbinalt  Pvalue test Durbin-Alt 77%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 45%  Passed
pval sfrancia  Pvalue test Shapiro Francia 29%  Passed
pval SKskew  Pvalue test Skewness 62%  Passed
pval SKkurt  Pvalue test Kurtness 49%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 69%  Passed
pval ttest  Pvalue T-test sui Residui 54%  Passed



 

   
Figure  10: Posterior probabilities of all regressors. 

     
Figure  11: Autocorrelation function of residuals 

     
Figure  12: Histogram of residuals 

     
Figure  13: Plot of actual and fitted values. 

  
 
 

  



Non financial corporations and producer households, from 10.000 to 50.000 Euros 
 

 
   

Table 21: Final regressors, regression coefficients, posterior probabilities and statistical significance 
(only final regressors with a posterior probability greter than 0.0001% are shown). 

 
   

 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.8952 1  
Constant 0.0006 1 0.007
month moving average of Eonia 1M, Lag 1 0.1855 0.7903 0
month moving average of CDS, Lag 1 0.0138 0.3707 0
month moving average of CDS when higher than 300 bps, Lag 2 0.0037 0.3279 0.01
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0.0378 0.3145 0.066
month moving average of Eonia 1M, Lag 1 0.0238 0.1048 0
month moving average of Eonia 1M, Lag 2 0.0238 0.1048 0
month moving average of CDS, Lag 2 0.0028 0.1037 0.003
month moving average of CDS when higher than 300 bps, Lag 1 0.0008 0.0737 0.003
month moving average of CDS, Lag 1 0.0011 0.0653 0.003
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0.001 0.0616 0.007
month moving average of CDS, Lag 0 -0.0003 0.0508 0.025
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.0011 0.0484 0.009
month moving average of CDS, Lag 0 0.0002 0.0256 0.012
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0 0.0004 0
month moving average of CDS, Lag 2 0 0.0004 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 0 0.03% 0.00%
month moving average of CDS, Lag 0 0 0.01% 0.00%

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 60%  Passed
stat dwatson  Durbin Watson Statistic 1.82  Passed
pval durbinalt  Pvalue test Durbin-Alt 61%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 94%  Passed
pval sfrancia  Pvalue test Shapiro Francia 93%  Passed
pval SKskew  Pvalue test Skewness 95%  Passed
pval SKkurt  Pvalue test Kurtness 85%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 98%  Passed
pval ttest  Pvalue T-test sui Residui 32%  Passed



Table 22: Statistical tests 
 

  
Figure  14: Posterior probabilities of all regressors. 

     
Figure  15: Autocorrelation function of residuals 

     
Figure  16: Histogram of residuals 

     
Figure  17: Plot of actual and fitted values. 

  
 
 

  



Non financial corporations and producer households, up to 10.000 Euros 
 

 
 

Table 23: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability greter than 0.0001% are shown).  

 
   

 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.8986 1  
Constant 0.0008 1 0.018
month moving average of CDS, Lag 2 0.012 0.8192 0.013
month moving average of Eonia 1M, Lag 1 0.1109 0.6895 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0.0375 0.3681 0.042
month moving average of Eonia 1M, Lag 1 0.025 0.1553 0
month moving average of Eonia 1M, Lag 2 0.025 0.1553 0
month moving average of CDS, Lag 1 0.002 0.1461 0.005
month moving average of CDS, Lag 0 0.0002 0.0239 0.006
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 0 0.0067 0.003
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0.0001 0.0056 0
month moving average of CDS, Lag 2 0.0001 0.0043 0
month moving average of CDS, Lag 1 0.0001 0.0036 0
month moving average of CDS, Lag 0 0 0.0019 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0 0.0004 0
month moving average of CDS, Lag 0 0 0.0001 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0 0.0001 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 0 0.03% 0.00%
month moving average of CDS, Lag 0 0 0.01% 0.00%

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 25%  Passed
stat dwatson  Durbin Watson Statistic 1.63  Passed
pval durbinalt  Pvalue test Durbin-Alt 26%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 46%  Passed
pval sfrancia  Pvalue test Shapiro Francia 60%  Passed
pval SKskew  Pvalue test Skewness 48%  Passed
pval SKkurt  Pvalue test Kurtness 47%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 58%  Passed
pval ttest  Pvalue T-test sui Residui 48%  Passed



 
Table 24: Statistical tests 

 

   
Figure  18: Posterior probabilities of all regressors. 

     
Figure  19: Autocorrelation function of residuals 

     
Figure  20: Histogram of residuals 

  
Figure  21: Plot of actual and fitted values. 

  
 
 

  



Consumer households, NPIS serving households and unclassifiable units, more than 
250.000 Euros 

 

 
 

Table 25: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability greter than 0.0001% are shown). 

 
   

Description  Coefficient
 Posterior 

Probability  p-Value
 AR(1) residual 0.8607 1  
Constant 0.003 1 0.02
month moving average of Eonia 1M, Lag 1 0.6091 0.9823 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.1494 0.7857 0.001
month moving average of CDS when higher than 300 bps, Lag 1 0.0242 0.4544 0.01
month moving average of CDS when higher than 300 bps, Lag 2 0.0097 0.3993 0.17
month moving average of CDS, Lag 2 0.0263 0.3565 0.001
month moving average of CDS, Lag 1 0.0186 0.2518 0.007
month moving average of CDS, Lag 1 0.0284 0.1959 0.001
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 0.0091 0.0536 0
month moving average of CDS, Lag 0 0.004 0.0505 0.004
month moving average of CDS, Lag 1 0.0061 0.0266 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0.0092 0.0254 0.002
month moving average of CDS, Lag 2 0.0034 0.0209 0
month moving average of CDS, Lag 0 0.003 0.0156 0
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0.0013 0.0143 0.002
month moving average of Eonia 1M, Lag 1 0.0052 0.0086 0
month moving average of Eonia 1M, Lag 2 0.0051 0.84% 0.00%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0.0003 0.55% 0.10%
month moving average of CDS, Lag 0 0 0.54% 0.40%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 0 0.47% 0.40%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 0 0.40% 0.20%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 0.0001 0.26% 0.10%
month moving average of CDS when higher than 300 bps, Lag 0 0 0.11% 0.10%
month moving average of Eonia 1M, Lag 0 0.0003 0.05% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 0 0.02% 0.00%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 0.0001 0.02% 0.00%
month moving average of Eonia 1M, Lag 0 0.0001 0.02% 0.00%
month moving average of CDS, Lag 2 0 0.01% 0.00%



 
 

Table 26: Statistical tests 
 

     
Figure  22: Posterior probabilities of all regressors. 

    
Figure  23: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 35%  Passed
stat dwatson  Durbin Watson Statistic 1.7  Passed
pval durbinalt  Pvalue test Durbin-Alt 36%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 18%  Passed
pval sfrancia  Pvalue test Shapiro Francia 10%  Passed
pval SKskew  Pvalue test Skewness 14%  Passed
pval SKkurt  Pvalue test Kurtness 37%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 21%  Passed
pval ttest  Pvalue T-test sui Residui 90%  Passed



     
Figure  24: Histogram of residuals 

     
Figure  25: Plot of actual and fitted values. 

  
 
 

  



Consumer households, NPIS serving households and unclassifiable units, from 50.000 
to 250.000 Euros 

 

   
 

Table 27: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability greter than 0.0001% are shown). 

 
   

 
 

Table 28: Statistical tests 
 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.872 1  
Constant 0.0014 1 0.014
month moving average of Eonia 1M, Lag 1 0.3633 0.9999 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 0.0801 0.9885 0
month moving average of CDS, Lag 1 0.0106 0.4351 0.031
month moving average of CDS when higher than 300 bps, Lag 1 0.0049 0.3455 0.047
month moving average of CDS when higher than 300 bps, Lag 0 0.0002 0.0766 0.063
month moving average of CDS, Lag 0 -0.0005 0.0742 0.044
month moving average of CDS, Lag 0 0.0014 0.0634 0.01
month moving average of CDS, Lag 1 0.0003 0.0063 0
month moving average of CDS when higher than 300 bps, Lag 2 0 0.0022 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.0002 0.002 0
month moving average of CDS, Lag 2 0 0.0016 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0 0.0003 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0 0.0001 0

 Description  Stats  Results
R2  R-squared 99%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 76%  Passed
stat dwatson  Durbin Watson Statistic 2.07  Passed
pval durbinalt  Pvalue test Durbin-Alt 76%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 50%  Passed
pval sfrancia  Pvalue test Shapiro Francia 22%  Passed
pval SKskew  Pvalue test Skewness 37%  Passed
pval SKkurt  Pvalue test Kurtness 19%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 26%  Passed
pval ttest  Pvalue T-test sui Residui 72%  Passed



 
Figure  26: Posterior probabilities of all regressors. 

 
Figure  27: Autocorrelation function of residuals 

 
Figure  28: Histogram of residuals 

 
Figure  29: Plot of actual and fitted values. 

  
 
 

  



Consumer households, NPIS serving households and unclassifiable units, from 10.000 
to 50.000 Euros 

 

 
   

Table 29: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability grater than 0.0001% are shown). 

 
   

 
 

Table 30: Statistical tests 
 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.8895 1  
Constant 0.0007 1 0.035
month moving average of Eonia 1M, Lag 1 0.2172 1 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 0.0505 0.9976 0
month moving average of CDS, Lag 1 0.0061 0.4677 0.034
month moving average of CDS when higher than 300 bps, Lag 1 0.0025 0.3249 0.048
month moving average of CDS when higher than 300 bps, Lag 0 0 0.0797 0.076
month moving average of CDS, Lag 0 0.0006 0.0576 0.011
month moving average of CDS, Lag 0 -0.0001 0.0292 0.02
month moving average of CDS when higher than 300 bps, Lag 2 0 0.0004 0
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0 0.0004 0
month moving average of CDS, Lag 2 0 0.0003 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0 0.0001 0
month moving average of CDS, Lag 1 0 0.0001 0

 Description  Stats  Results
R2  R-squared 100%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 85%  Passed
stat dwatson  Durbin Watson Statistic 1.92  Passed
pval durbinalt  Pvalue test Durbin-Alt 86%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 81%  Passed
pval sfrancia  Pvalue test Shapiro Francia 61%  Passed
pval SKskew  Pvalue test Skewness 80%  Passed
pval SKkurt  Pvalue test Kurtness 55%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 81%  Passed
pval ttest  Pvalue T-test sui Residui 74%  Passed



   
Figure  30: Posterior probabilities of all regressors. 

    
Figure  31: Autocorrelation function of residuals 

    
Figure  32: Histogram of residuals 

     
Figure  33: Plot of actual and fitted values. 

  
 
 

  



Consumer households, NPIS serving households and unclassifiable units, up to 10.000 
Euros 

 
   

 
 

Table 31: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability grater than 0.0001% are shown). 

 

   
 

Table 32: Statistical tests 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.8948 1  
Constant 0.0005 1 0.023
month moving average of Eonia 1M, Lag 1 0.1164 0.7983 0
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 0.0439 0.7983 0
month moving average of Eonia 1M, Lag 0 0.0293 0.201 0
month moving average of CDS when higher than 300 bps, Lag 0 0.0003 0.1462 0.065
month moving average of CDS, Lag 0 0.0003 0.1269 0.076
month moving average of CDS, Lag 2 0 0.0096 0.003
month moving average of CDS when higher than 300 bps, Lag 2 0 0.0081 0.001
month moving average of CDS when higher than 300 bps, Lag 1 0 0.0053 0
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0 0.0031 0.001
month moving average of CDS, Lag 1 0 0.0016 0
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 0 0.0013 0.001
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 0 0.0013 0.001
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 0.0001 0.0007 0
month moving average of Eonia 1M, Lag 1 0.0001 0.0007 0

 Description  Stats  Results
R2  R-squared 100%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 0%  
pval bdgodfrey  Pvalue test Breush-Godfrey 49%  Passed
stat dwatson  Durbin Watson Statistic 1.78  Passed
pval durbinalt  Pvalue test Durbin-Alt 50%  Passed
normalit  Number of test on residual normality distribution passed 1  
pval swilk  Pvalue test Shapiro Wilk 7%  Passed
pval sfrancia  Pvalue test Shapiro Francia 3%  Failed
pval SKskew  Pvalue test Skewness 4%  Failed
pval SKkurt  Pvalue test Kurtness 3%  Failed
pval SKTot  Pvalue test Skewness/Kurtosis 2%  Failed
pval ttest  Pvalue T-test sui Residui 42%  Passed



 

  
Figure  34: Posterior probabilities of all regressors. 

  
Figure  35: Autocorrelation function of residuals 

  
Figure  36: Histogram of residuals 

  
Figure  37: Plot of actual and fitted values. 

  
  

  



 
E.2  Deposit Volume 
  
Non-financial corporations and producer households, more than 250.000 Euros 
 



   

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual  -   
Constant -0.0428 100.00% 0.10%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter 0.1175 100.00% 0.00%
Dummy 3rd Quarter 0.0531 100.00% 0.00%
Dummy 4th Quarter 0.0958 100.00% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -2.5831 82.80% 2.10%
month moving average of CDS, Lag 0 -0.1722 24.47% 3.90%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.4112 20.45% 2.30%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 -0.2992 20.09% 2.40%
month moving average of CDS, Lag 1 -0.1194 19.61% 3.70%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0659 18.83% 4.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.1815 16.03% 4.40%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 -0.1454 11.71% 3.70%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0313 11.61% 3.60%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.1857 10.81% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0835 9.85% 3.60%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0203 8.72% 3.40%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 -0.0379 8.36% 6.20%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0447 7.44% 3.50%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0497 7.10% 3.40%
month moving average of Eonia 1M, Lag 1 -0.0101 6.36% 3.80%
month moving average of CDS, Lag 0 -0.0413 6.24% 1.20%
month moving average of Eonia 1M, Lag 0 -0.0106 6.08% 3.50%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0654 5.55% 2.50%
month moving average of CDS, Lag 2 -0.0292 4.95% 1.10%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.0508 4.38% 1.00%
month moving average of Eonia 1M, Lag 2 -0.0054 4.17% 2.80%
month moving average of Sight Deposit Rate, Lag 1 0.0038 4.10% 3.30%
month moving average of Sight Deposit Rate, Lag 2 0.004 4.06% 3.30%
month moving average of Sight Deposit Rate, Lag 2 0.0046 3.93% 2.90%
month moving average of Sight Deposit Rate, Lag 2 0.0026 3.72% 3.20%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0884 3.71% 1.00%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 -0.0455 3.44% 0.80%
month moving average of Sight Deposit Rate, Lag 0 0.0017 3.11% 2.70%
month moving average of Sight Deposit Rate, Lag 1 0.0019 2.84% 2.50%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0107 2.73% 1.80%
month moving average of Sight Deposit Rate, Lag 1 0.0014 2.64% 2.30%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0366 2.61% 0.80%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0193 2.61% 1.10%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 -0.0152 2.51% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0156 2.48% 1.10%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0078 2.07% 1.40%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0064 1.91% 1.70%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.0051 1.84% 1.50%
month moving average of Eonia 1M, Lag 0 -0.0027 1.76% 1.10%
month moving average of CDS, Lag 1 -0.0092 1.41% 0.30%
month moving average of Sight Deposit Rate, Lag 0 0.0004 1.33% 1.20%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 0.0071 1.19% 0.90%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0152 0.74% 0.10%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 0 -0.0115 0.70% 0.20%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.0006 0.69% 0.60%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 2 -0.0068 0.65% 0.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.004 0.64% 0.30%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0383 0.59% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0186 0.57% 0.10%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.011 0.51% 0.30%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 -0.0057 0.45% 0.10%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 0.0016 0.43% 0.30%
month moving average of Eonia 1M, Lag 1 -0.0007 0.41% 0.30%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 0.0008 0.34% 0.30%
month moving average of Sight Deposit Rate, Lag 0 0 0.25% 0.20%
month moving average of CDS, Lag 2 -0.0016 0.25% 0.10%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 1 -0.0022 0.14% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0007 0.12% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0003 0.08% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.0008 0.03% 0.00%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0009 0.03% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.0001 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 2 -0.0001 0.01% 0.00%



 
 

Table 33: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability grater than 0.0001% are shown). 

 
 

   
 

Table 34: Statistical tests 
 

  
Figure  38: Posterior probabilities of all regressors. 

     
Figure  39: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 82%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 2%  
pval bdgodfrey  Pvalue test Breush-Godfrey 91%  Passed
stat dwatson  Durbin Watson Statistic 1.84  Passed
pval durbinalt  Pvalue test Durbin-Alt 91%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 35%  Passed
pval sfrancia  Pvalue test Shapiro Francia 54%  Passed
pval SKskew  Pvalue test Skewness 73%  Passed
pval SKkurt  Pvalue test Kurtness 6%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 14%  Passed
pval ttest  Pvalue T-test sui Residui 91%  Passed



     
Figure  40: Histogram of residuals 

     
Figure  41: Plot of actual and fitted values. 

  
  

  



 
Non-financial corporations and producer households, from 50.000 to 250.000 Euros 
 
 

   



 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.0002 0.06%  
Constant -0.0226 100.00% 0.00%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter 0.1201 100.00% 0.00%
Dummy 3rd Quarter 0.0784 100.00% 0.00%
Dummy 4th Quarter 0.0427 100.00% 0.00%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.7934 100.00% 0.70%
month moving average of CDS, Lag 0 -0.3441 31.22% 0.00%
month moving average of CDS, Lag 1 -0.3461 30.52% 0.00%
month moving average of Eonia 1M, Lag 2 -0.2259 25.95% 0.00%
month moving average of CDS, Lag 0 -0.2709 23.63% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.304 22.88% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.3402 21.34% 1.50%
month moving average of Eonia 1M, Lag 1 -0.1385 15.60% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.2225 13.60% 3.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 0 0.2739 13.05% 2.80%
month moving average of CDS, Lag 2 -0.1446 12.56% 0.00%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 0.163 11.18% 4.70%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.1282 9.57% 0.00%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 0 0.1759 9.34% 3.40%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.0617 8.21% 5.30%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0898 7.06% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 0.0868 6.51% 3.20%
month moving average of Eonia 1M, Lag 0 -0.0542 5.98% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 0.0647 5.69% 2.70%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0308 5.14% 1.80%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0488 3.74% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 -0.0103 3.12% 1.90%
month moving average of Eonia 1M, Lag 0 -0.0255 2.89% 0.00%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 -0.0017 2.48% 2.30%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0317 2.35% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 -0.0007 2.32% 2.20%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0095 2.27% 1.40%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 -0.0022 2.22% 1.90%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 -0.0042 1.96% 1.50%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0056 1.72% 1.50%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0189 1.43% 0.00%
month moving average of Eonia 1M, Lag 1 -0.0104 1.16% 0.00%
month moving average of CDS, Lag 1 -0.0126 1.12% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0117 0.90% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0006 0.88% 0.80%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0154 0.86% 0.10%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0011 0.86% 0.70%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0052 0.74% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0025 0.51% 0.30%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 2 -0.0014 0.44% 0.30%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.001 0.35% 0.20%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0035 0.29% 0.00%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 0 0.22% 0.20%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 0 -0.0007 0.21% 0.10%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0008 0.19% 0.10%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 -0.0002 0.11% 0.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0013 0.10% 0.00%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0006 0.10% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.0002 0.09% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0008 0.09% 0.00%
month moving average of CDS, Lag 2 -0.0008 0.08% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 1 -0.0004 0.07% 0.00%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0007 0.06% 0.00%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0001 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.0001 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 2 -0.0001 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0 0.01% 0.00%



 
Table 35: Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 
 

   

 
 

Table 36: Statistical tests 
 

   
Figure  42: Posterior probabilities of all regressors. 

   
Figure  43: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 94%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 1%  
pval bdgodfrey  Pvalue test Breush-Godfrey 84%  Passed
stat dwatson  Durbin Watson Statistic 1.88  Passed
pval durbinalt  Pvalue test Durbin-Alt 84%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 90%  Passed
pval sfrancia  Pvalue test Shapiro Francia 79%  Passed
pval SKskew  Pvalue test Skewness 49%  Passed
pval SKkurt  Pvalue test Kurtness 55%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 64%  Passed
pval ttest  Pvalue T-test sui Residui 75%  Passed



  
Figure  44: Histogram of residuals 

  
Figure  45: Plot of actual and fitted values. 

  
  

  



 
Non-financial corporations and producer households, from 10.000 to 50.000 Euros 
 
 

   



 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.0067 1.58%  
Constant -0.0013 100.00% 1.00%
Dummy 1st Quarter  - 100.00%  -
Dummy 2nd Quarter 0.06 100.00% 0.00%
Dummy 3rd Quarter 0.0413 100.00% 0.00%
Dummy 4th Quarter 0.0086 100.00% 4.40%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.9598 90.90% 0.10%
month moving average of CDS, Lag 2 -0.4731 51.08% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 0 2.9095 49.74% 0.10%
month moving average of Eonia 1M, Lag 2 -0.1746 23.67% 0.00%
month moving average of CDS, Lag 0 -0.2129 23.28% 0.00%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 0 1.2859 22.08% 0.70%
month moving average of CDS, Lag 1 -0.1723 17.99% 0.00%
month moving average of Eonia 1M, Lag 1 -0.0944 13.11% 0.10%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 0.5275 10.18% 0.30%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0814 9.68% 0.00%
month moving average of Eonia 1M, Lag 0 -0.0691 9.62% 0.00%
month moving average of Eonia 1M, Lag 1 -0.063 8.63% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0757 8.33% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.0861 7.18% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0538 6.71% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0539 5.99% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0476 5.33% 0.10%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 0.206 4.94% 0.20%
month moving average of CDS, Lag 1 -0.0358 4.37% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 0.1296 4.01% 0.50%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0309 3.62% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.1028 3.24% 0.30%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.0603 2.03% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0146 1.73% 0.10%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0531 1.73% 0.20%
month moving average of Eonia 1M, Lag 0 -0.0115 1.72% 0.10%
month moving average of CDS, Lag 0 -0.0107 1.48% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0112 1.03% 0.20%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0025 0.70% 0.10%
month moving average of Eonia 1M, Lag 2 -0.005 0.68% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0054 0.56% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0043 0.53% 0.00%
month moving average of CDS, Lag 2 -0.0048 0.50% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0032 0.49% 0.10%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0009 0.29% 0.00%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.0003 0.16% 0.10%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0004 0.13% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.0003 0.12% 0.10%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.05% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 0 0.05% 0.00%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 2 0 0.04% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.04% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 0 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.0001 0.01% 0.00%



 
Table 37: Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 
 

   

 
 

Table 38: Statistical tests 
 

  
Figure  46: Posterior probabilities of all regressors. 

  
Figure  47: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 88%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 1%  
pval bdgodfrey  Pvalue test Breush-Godfrey 65%  Passed
stat dwatson  Durbin Watson Statistic 1.75  Passed
pval durbinalt  Pvalue test Durbin-Alt 66%  Passed
normalit  Number of test on residual normality distribution passed 0  
pval swilk  Pvalue test Shapiro Wilk 4%  Failed
pval sfrancia  Pvalue test Shapiro Francia 3%  Failed
pval SKskew  Pvalue test Skewness 1%  Failed
pval SKkurt  Pvalue test Kurtness 11%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 2%  Failed
pval ttest  Pvalue T-test sui Residui 66%  Passed



  
Figure  48: Histogram of residuals 

  
Figure  49: Plot of actual and fitted values. 

  
  

  



Non-financial corporations and producer households, up to 10.000 Euros 
 

   

 
 

Table 39: Final regressors, regression coefficients, posterior probabilities and statistical 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0 0.00%  
Constant -0.0009 100.00% 0.70%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter 0.0088 100.00% 3.40%
Dummy 3rd Quarter 0.0239 100.00% 0.10%
Dummy 4th Quarter 0.0036 100.00% 50.10%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.7085 100.00% 0.50%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 0 5.3447 46.41% 0.10%
month moving average of CDS, Lag 2 -0.1518 43.15% 0.50%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 0 3.1819 32.01% 0.10%
month moving average of CDS, Lag 0 -0.0774 24.22% 1.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0335 13.28% 2.60%
month moving average of Eonia 1M, Lag 0 -0.0309 13.22% 2.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.028 11.50% 2.70%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.0744 11.26% 2.20%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 0.9127 10.45% 0.10%
month moving average of CDS, Lag 1 -0.0364 9.88% 0.20%
month moving average of Eonia 1M, Lag 2 -0.0251 8.82% 0.40%
month moving average of Eonia 1M, Lag 1 -0.0244 8.43% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0227 7.09% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0227 6.99% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0232 6.98% 0.40%
month moving average of CDS, Lag 1 -0.015 5.12% 0.30%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0158 5.07% 0.50%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 0.4381 4.78% 0.00%
month moving average of Eonia 1M, Lag 0 -0.012 4.64% 0.50%
month moving average of Eonia 1M, Lag 1 -0.0109 4.33% 0.50%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 0.3211 3.89% 0.00%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0037 3.81% 1.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0097 3.63% 0.60%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0103 3.60% 0.50%
month moving average of CDS, Lag 0 -0.0097 3.58% 0.30%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0027 3.34% 2.00%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0024 2.26% 1.10%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0077 2.24% 1.60%
month moving average of CDS, Lag 2 -0.0059 1.53% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.0383 0.89% 0.00%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.031 0.74% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0017 0.60% 0.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0015 0.50% 0.10%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0139 0.45% 0.20%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 0 0.12% 0.10%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 0 0.02% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 0 0.01% 0.00%



significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 

 
   

 
 

Table 40: Statistical tests 
 

  
Figure  50: Posterior probabilities of all regressors. 

  
Figure  51: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 46%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 1%  
pval bdgodfrey  Pvalue test Breush-Godfrey 33%  Passed
stat dwatson  Durbin Watson Statistic 1.54  Passed
pval durbinalt  Pvalue test Durbin-Alt 34%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 16%  Passed
pval sfrancia  Pvalue test Shapiro Francia 11%  Passed
pval SKskew  Pvalue test Skewness 6%  Passed
pval SKkurt  Pvalue test Kurtness 17%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 7%  Passed
pval ttest  Pvalue T-test sui Residui 88%  Passed



     
Figure  52: Histogram of residuals 

  
Figure  53: Plot of actual and fitted values. 

  
  

  



 
Consumer households, NPIS serving households and unclassifiable units, more than 

250.000 Euros 
 
 

   



 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual -0.0413 10.59%  
Constant 0.0335 100.00% 2.30%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter -0.0004 100.00% 77.10%
Dummy 3rd Quarter 0.0035 100.00% 63.20%
Dummy 4th Quarter 0.0115 100.00% 57.50%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 -3.3198 100.00% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -2.204 35.55% 0.30%
month moving average of CDS, Lag 0 -0.5318 32.09% 1.30%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -6.5319 30.20% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.831 20.26% 0.50%
month moving average of CDS, Lag 1 -0.252 17.60% 1.30%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 -1.0113 13.67% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 -0.4968 13.34% 0.10%
month moving average of CDS, Lag 0 -0.1853 12.89% 1.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.2683 12.08% 1.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.1838 9.45% 2.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.5373 8.94% 0.40%
month moving average of CDS, Lag 1 -0.1041 8.57% 1.20%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0638 8.13% 0.50%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.1675 7.66% 0.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.1265 7.58% 2.00%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0588 7.46% 0.70%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.1883 6.70% 0.80%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -1.374 6.41% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0514 5.23% 2.50%
month moving average of CDS, Lag 2 -0.0535 4.96% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0579 4.69% 1.90%
month moving average of Eonia 1M, Lag 0 -0.0225 4.63% 2.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0374 4.61% 1.70%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0562 4.48% 1.70%
month moving average of Sight Deposit Rate, Lag 2 0.0471 4.42% 0.80%
month moving average of Sight Deposit Rate, Lag 1 0.0352 3.78% 1.00%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0193 3.64% 0.80%
month moving average of Eonia 1M, Lag 2 -0.0132 3.61% 1.70%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.3385 3.50% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0287 3.20% 1.70%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.024 3.13% 1.80%
month moving average of Eonia 1M, Lag 1 -0.0118 3.08% 1.60%
month moving average of CDS, Lag 2 -0.044 3.06% 0.40%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.3823 2.96% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 0 -0.2708 2.91% 0.00%
month moving average of Sight Deposit Rate, Lag 0 0.021 2.84% 1.10%
month moving average of Eonia 1M, Lag 0 -0.0108 2.82% 1.60%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 -0.0345 2.76% 0.50%
month moving average of Eonia 1M, Lag 1 -0.0106 2.68% 1.50%
month moving average of Sight Deposit Rate, Lag 2 0.024 2.67% 1.10%
month moving average of Sight Deposit Rate, Lag 1 0.0211 2.31% 0.80%
month moving average of Eonia 1M, Lag 2 -0.0065 2.30% 1.50%
month moving average of Sight Deposit Rate, Lag 1 0.0202 2.22% 0.80%
month moving average of Sight Deposit Rate, Lag 2 0.0191 2.06% 0.70%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.0229 2.00% 0.70%
month moving average of Sight Deposit Rate, Lag 0 0.0157 1.89% 0.80%
month moving average of Sight Deposit Rate, Lag 0 0.0119 1.59% 0.70%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 2 -0.0338 1.17% 0.40%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 -0.0782 1.10% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.1232 0.97% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 -0.056 0.91% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 1 -0.0299 0.34% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 -0.0008 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0028 0.02% 0.00%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 2 -0.0009 0.02% 0.00%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0005 0.01% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0005 0.01% 0.00%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0002 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0005 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 2 -0.0003 0.01% 0.00%



 
Table 41: Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 
 

   

 
 

Table 42: Statistical tests 
 

  
Figure  54: Posterior probabilities of all regressors. 

  
Figure  55: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 59%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 3%  
pval bdgodfrey  Pvalue test Breush-Godfrey 7%  Passed
stat dwatson  Durbin Watson Statistic 2.44  Passed
pval durbinalt  Pvalue test Durbin-Alt 7%  Passed
normalit  Number of test on residual normality distribution passed 1  
pval swilk  Pvalue test Shapiro Wilk 1%  Failed
pval sfrancia  Pvalue test Shapiro Francia 1%  Failed
pval SKskew  Pvalue test Skewness 8%  Passed
pval SKkurt  Pvalue test Kurtness 3%  Failed
pval SKTot  Pvalue test Skewness/Kurtosis 3%  Failed
pval ttest  Pvalue T-test sui Residui 95%  Passed



  
Figure  56: Histogram of residuals 

     
Figure  57: Plot of actual and fitted values. 

  
  

  



 
Consumer households, NPIS serving households and unclassifiable units, from 50.000 

to 250.000 Euros 
 
 

   



 

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual 0.0006 0.13%  
Constant 0.0392 100.00% 0.10%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter 0.0026 100.00% 75.50%
Dummy 3rd Quarter -0.0053 100.00% 60.80%
Dummy 4th Quarter -0.0026 100.00% 78.70%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 -2.793 100.00% 0.00%
month moving average of CDS, Lag 0 -0.5222 35.94% 0.00%
month moving average of CDS when higher than 300 bps, Lag 0 -0.3245 33.69% 0.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.4251 22.85% 1.70%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 -1.0808 20.00% 0.00%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.1332 19.45% 8.00%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 -0.2798 15.37% 2.20%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.1511 14.86% 0.90%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.1358 14.72% 3.80%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.1452 14.69% 1.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.1462 14.63% 1.00%
month moving average of CDS when higher than 300 bps, Lag 1 -0.1121 12.14% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.6927 9.69% 0.00%
month moving average of Eonia 1M, Lag 0 -0.0497 9.33% 1.10%
month moving average of CDS, Lag 1 -0.1192 8.84% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0788 8.83% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0765 8.80% 0.90%
month moving average of Eonia 1M, Lag 1 -0.0428 8.38% 1.10%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.3061 5.77% 0.00%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 -0.044 5.61% 1.90%
month moving average of CDS, Lag 0 -0.0605 4.48% 0.00%
month moving average of Eonia 1M, Lag 2 -0.0184 4.28% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0329 4.09% 0.60%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0926 3.60% 0.40%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.326 3.52% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0213 3.09% 0.60%
month moving average of CDS when higher than 300 bps, Lag 2 -0.024 2.72% 0.00%
month moving average of Eonia 1M, Lag 0 -0.0105 2.52% 0.60%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.0168 1.53% 0.60%
month moving average of CDS, Lag 2 -0.0153 1.29% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 0 -0.0716 1.15% 0.00%
month moving average of Sight Deposit Rate, Lag 2 0.0019 1.10% 0.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0065 1.03% 0.30%
month moving average of CDS, Lag 1 -0.0092 0.74% 0.00%
month moving average of Eonia 1M, Lag 1 -0.0024 0.72% 0.30%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.0154 0.62% 0.10%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.031 0.51% 0.00%
month moving average of Sight Deposit Rate, Lag 1 0.0006 0.28% 0.20%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 -0.0092 0.25% 0.00%
month moving average of Sight Deposit Rate, Lag 1 0.0008 0.19% 0.10%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 -0.008 0.19% 0.00%
month moving average of Sight Deposit Rate, Lag 2 0.0005 0.18% 0.10%
month moving average of Sight Deposit Rate, Lag 1 0.0006 0.17% 0.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0007 0.16% 0.10%
month moving average of Sight Deposit Rate, Lag 2 0.0006 0.15% 0.10%
month moving average of Sight Deposit Rate, Lag 0 0.0006 0.14% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0003 0.13% 0.10%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0111 0.13% 0.00%
month moving average of Sight Deposit Rate, Lag 0 0.0004 0.12% 0.10%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0044 0.11% 0.00%
month moving average of Sight Deposit Rate, Lag 0 0.0004 0.11% 0.10%
month moving average of CDS, Lag 2 -0.001 0.09% 0.00%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0016 0.04% 0.00%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 -0.0006 0.02% 0.00%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.0005 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 2 -0.0001 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0009 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 1 -0.0006 0.01% 0.00%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0003 0.01% 0.00%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0003 0.01% 0.00%



 
Table 43: Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 
 

   

 
 

Table 44: Statistical tests 
 

  
Figure  58: Posterior probabilities of all regressors. 

  
Figure  59: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 56%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 2%  
pval bdgodfrey  Pvalue test Breush-Godfrey 82%  Passed
stat dwatson  Durbin Watson Statistic 2.03  Passed
pval durbinalt  Pvalue test Durbin-Alt 83%  Passed
normalit  Number of test on residual normality distribution passed 4  
pval swilk  Pvalue test Shapiro Wilk 38%  Passed
pval sfrancia  Pvalue test Shapiro Francia 31%  Passed
pval SKskew  Pvalue test Skewness 89%  Passed
pval SKkurt  Pvalue test Kurtness 81%  Passed
pval SKTot  Pvalue test Skewness/Kurtosis 96%  Passed
pval ttest  Pvalue T-test sui Residui 99%  Passed



   
Figure  60: Histogram of residuals 

    
Figure  61: Plot of actual and fitted values. 

  
  

  



 
Consumer households, NPIS serving households and unclassifiable units, from 10.000 

to 50.000 Euros 
 
 



   

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual -0.0094 2.81%  
Constant 0.026 100.00% 0.00%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter -0.03 100.00% 0.00%
Dummy 3rd Quarter -0.0184 100.00% 0.50%
Dummy 4th Quarter -0.0136 100.00% 0.40%
month moving average of CDS when higher than 300 bps, Lag 0 -0.0826 100.00% 0.70%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.0573 19.53% 6.80%
month moving average of CDS, Lag 0 -0.0762 16.50% 0.80%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.0775 15.45% 4.70%
month moving average of CDS, Lag 0 -0.0614 12.62% 0.50%
month moving average of CDS, Lag 2 -0.0471 11.06% 0.70%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.1621 10.50% 5.20%
month moving average of CDS, Lag 1 -0.0389 8.90% 0.40%
month moving average of Sight Deposit Rate, Lag 1 0.0456 8.21% 2.90%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 1 -0.016 7.94% 4.90%
month moving average of Sight Deposit Rate, Lag 0 0.0364 7.41% 3.10%
month moving average of CDS when higher than 300 bps, Lag 1 -0.0226 7.35% 0.70%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 0.0471 7.18% 5.90%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 1 -0.0134 6.60% 5.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0114 6.59% 2.40%
month moving average of Sight Deposit Rate, Lag 0 0.0277 6.26% 2.90%
month moving average of Eonia 1M, Lag 0 -0.0081 6.18% 2.40%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 0 -0.0173 5.49% 1.60%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0103 5.48% 1.70%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0222 5.44% 2.10%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0859 5.42% 2.50%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 0 -0.0394 5.05% 1.80%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0088 5.02% 1.70%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0077 5.01% 1.90%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 1 -0.0138 4.87% 2.50%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0135 4.83% 2.20%
month moving average of Eonia 1M, Lag 1 -0.0057 4.47% 1.60%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0099 4.40% 2.90%
month moving average of Eonia 1M, Lag 0 -0.0052 4.39% 1.70%
Absolute Variation QoQ of 3 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0172 4.16% 0.70%
month moving average of Sight Deposit Rate, Lag 2 0.015 4.06% 2.10%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 1 -0.0138 4.00% 0.80%
month moving average of Sight Deposit Rate, Lag 1 0.0139 3.98% 2.20%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 0 -0.0169 3.91% 0.80%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0063 3.88% 1.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0054 3.88% 1.50%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0186 3.85% 0.90%
Absolute Variation QoQ of 3 month moving average of Eonia 1M, Lag 2 -0.005 3.74% 2.90%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0051 3.52% 1.30%
month moving average of Sight Deposit Rate, Lag 2 0.0095 3.44% 2.10%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 2 -0.0127 3.38% 2.10%
month moving average of Eonia 1M, Lag 2 -0.0034 3.19% 1.40%
month moving average of Sight Deposit Rate, Lag 0 0.0062 3.15% 2.10%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.0229 3.06% 2.40%
month moving average of CDS when higher than 300 bps, Lag 2 -0.0057 2.22% 0.30%
month moving average of Sight Deposit Rate, Lag 1 0.0048 2.21% 1.40%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.0209 2.20% 1.50%
month moving average of CDS, Lag 1 -0.0078 1.98% 0.30%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 2 -0.0011 1.66% 1.50%
month moving average of Sight Deposit Rate, Lag 2 0.0031 1.52% 1.00%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0058 1.23% 0.60%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 0 -0.0043 1.10% 0.60%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0012 1.06% 0.60%
month moving average of Eonia 1M, Lag 1 -0.0008 0.93% 0.50%
Absolute Variation QoQ of 6 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0014 0.78% 0.60%
Absolute Variation QoQ of 6 month moving average of Eonia 1M, Lag 2 -0.0011 0.76% 0.60%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 0.0018 0.63% 0.60%
Absolute Variation QoQ of 12 month moving average of CDS, Lag 1 -0.003 0.55% 0.30%
month moving average of CDS, Lag 2 -0.0008 0.23% 0.10%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0015 0.21% 0.10%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 1 -0.001 0.19% 0.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.16% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0001 0.15% 0.10%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 0.0001 0.12% 0.10%
Absolute Variation QoQ of 12 month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.02% 0.00%
Absolute Variation QoQ of 12 month moving average of Eonia 1M, Lag 2 -0.0001 0.02% 0.00%



 
 

Table 45: Final regressors, regression coefficients, posterior probabilities and statistical 
significance (only final regressors with a posterior probability grater than 0.0001% are shown). 

 
 

   

 
 

Table 46: Statistical tests 
 

  
Figure  62: Posterior probabilities of all regressors. 

  
Figure  63: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 51%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 1%  
pval bdgodfrey  Pvalue test Breush-Godfrey 13%  Passed
stat dwatson  Durbin Watson Statistic 2.45  Passed
pval durbinalt  Pvalue test Durbin-Alt 14%  Passed
normalit  Number of test on residual normality distribution passed 0  
pval swilk  Pvalue test Shapiro Wilk 0%  Failed
pval sfrancia  Pvalue test Shapiro Francia 0%  Failed
pval SKskew  Pvalue test Skewness 4%  Failed
pval SKkurt  Pvalue test Kurtness 0%  Failed
pval SKTot  Pvalue test Skewness/Kurtosis 0%  Failed
pval ttest  Pvalue T-test sui Residui 68%  Passed



  
Figure  64: Histogram of residuals 

  
Figure  65: Plot of actual and fitted values. 

  
  

  



Consumer households, NPIS serving households and unclassifiable units, up to 10.000 
Euros 

 
  
 

 
Table 47: Final regressors, regression coefficients, posterior probabilities and statistical 

significance (only final regressors with a posterior probability grater than 0.0001% are shown). 
 

 
   

Description  Coefficient
 Posterior 

Probability  p-Value
ρ AR(1) residual -0.1744 50.87%  
Constant 0.0026 100.00% 3.40%
Dummy 1st Quarter  -   -
Dummy 2nd Quarter -0.0227 100.00% 0.30%
Dummy 3rd Quarter 0.0129 100.00% 19.60%
Dummy 4th Quarter -0.0088 100.00% 16.20%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 0 4.4495 100.00% 0.10%
Absolute Variation QoQ of 3 month moving average of CDS, Lag 0 -0.1366 29.03% 7.80%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 0 1.8817 16.76% 0.20%
Absolute Variation QoQ of 6 month moving average of CDS, Lag 0 -0.0099 13.47% 11.80%
month moving average of Eonia 1M, Lag 2 -0.0115 12.14% 5.60%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0128 11.90% 5.70%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0126 11.57% 5.50%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 1 1.0333 11.36% 0.30%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 1 1.1875 11.35% 0.20%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 0 0.9288 9.11% 0.10%
month moving average of CDS, Lag 2 -0.001 5.42% 4.90%
month moving average of Eonia 1M, Lag 1 -0.0037 2.90% 1.10%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.004 2.80% 1.10%
month moving average of Sight Deposit Rate, Lag 0 0.0074 2.70% 2.10%
month moving average of Sight Deposit Rate, Lag 0 0.0016 2.53% 2.40%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.003 2.49% 1.10%
month moving average of Eonia 1M, Lag 0 -0.0019 2.09% 1.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0021 2.01% 1.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0023 1.93% 0.90%
month moving average of Eonia 1M, Lag 0 -0.0013 1.70% 1.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 0 -0.0014 1.55% 0.90%
Absolute Variation QoQ of 3 month moving average of Sight Deposit Rate, Lag 2 0.1061 1.36% 0.10%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 1 0.1073 1.22% 0.10%
Absolute Variation QoQ of 6 month moving average of Sight Deposit Rate, Lag 2 0.063 0.80% 0.00%
month moving average of Eonia 1M, Lag 1 -0.0007 0.51% 0.20%
month moving average of CDS, Lag 1 -0.0001 0.50% 0.50%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 1 -0.0007 0.47% 0.20%
Absolute Variation QoQ of 12 month moving average of Sight Deposit Rate, Lag 2 0.0165 0.39% 0.10%
month moving average of CDS, Lag 2 -0.0001 0.17% 0.10%
month moving average of Eonia 1M, Lag 2 -0.0001 0.08% 0.00%
month moving average of Spread ( Eonia 1m - Sight Deposit Rate), Lag 2 -0.0001 0.07% 0.00%



 
 

Table 48: Statistical tests 
 

  
Figure  66: Posterior probabilities of all regressors. 

    
Figure  67: Autocorrelation function of residuals 

 Description  Stats  Results
R2  R-squared 51%  
autocorr  Number of test on residual autocorrelation passed 3  
stdvres  Residual Std Deviation 2%  
pval bdgodfrey  Pvalue test Breush-Godfrey 12%  Passed
stat dwatson  Durbin Watson Statistic 2.47  Passed
pval durbinalt  Pvalue test Durbin-Alt 12%  Passed
normalit  Number of test on residual normality distribution passed 1  
pval swilk  Pvalue test Shapiro Wilk 0%  Failed
pval sfrancia  Pvalue test Shapiro Francia 0%  Failed
pval SKskew  Pvalue test Skewness 26%  Passed
pval SKkurt  Pvalue test Kurtness 0%  Failed
pval SKTot  Pvalue test Skewness/Kurtosis 0%  Failed
pval ttest  Pvalue T-test sui Residui 73%  Passed



  
Figure  68: Histogram of residuals 

    
Figure  69: Plot of actual and fitted values. 

  
  

  



 
F. Historical Evolution and Projection of Deposit Rates, Volumes 

and Term Structure of Liquidity 
 

  
(a): More than 250.000 Euros. CIR++ 

     
(b): More than 250.000 Euros. Ext. Vasicek. 

     
(c): From 50.000 to 250.000 Euros. CIR++ 

  
(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 

  
 

  



(e): From 10.000 to 50.000 Euros. CIR++ 

  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

  
(g): Up to 10.000 Euros. CIR++ 

  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  70: Non financial corporations and producer households. Time series of the deposits’ interest 
rates: expected, 90-th percentile and 10-th percentile levels. 

  
 

  
(a): More than 250.000 Euros. CIR++ 

  



(b): More than 250.000 Euros. Ext. Vasicek. 

  
(c): From 50.000 to 250.000 Euros. CIR++ 

  
(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 

  
 

  
(e): From 10.000 to 50.000 Euros. CIR++ 

  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

     
(g): Up to 10.000 Euros. CIR++ 



  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  71: Non financial corporations and producer households. Time series of the deposits’ volume: 
expected, 90-th percentile and 10-th percentile levels. 

  
 
 

  
(a): More than 250.000 Euros. CIR++ 

  
(b): More than 250.000 Euros. Ext. Vasicek. 

  
(c): From 50.000 to 250.000 Euros. CIR++ 

  



(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 
  
 

  
(e): From 10.000 to 50.000 Euros. CIR++ 

  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

  
(g): Up to 10.000 Euros. CIR++ 

  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  72: Consumer households, NPIS serving households and unclassifiable units. Time series of the 
Term Structure of Liquidity: expected, 5-th percentile and 1-st percentile levels. 

  
 



  
(a): More than 250.000 Euros. CIR++ 

    
(b): More than 250.000 Euros. Ext. Vasicek. 

  
(c): From 50.000 to 250.000 Euros. CIR++ 

  
(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 

  
 

  
(e): From 10.000 to 50.000 Euros. CIR++ 



  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

  
(g): Up to 10.000 Euros. CIR++ 

  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  73: Consumer households, NPIS serving households and unclassifiable units. Time series of the 
deposits’ interest rates: expected, 90-th percentile and 10-th percentile levels. 

  
 

  
(a): More than 250.000 Euros. CIR++ 

  
(b): More than 250.000 Euros. Ext. Vasicek. 



   
(c): From 50.000 to 250.000 Euros. CIR++ 

    
(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 

  
 

  
(e): From 10.000 to 50.000 Euros. CIR++ 

  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

  
(g): Up to 10.000 Euros. CIR++ 



  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  74: Consumer households, NPIS serving households and unclassifiable units. Time series of the 
deposits’ volume: expected, 90-th percentile and 10-th percentile levels. 

  
 
  

  
(a): More than 250.000 Euros. CIR++ 

   
(b): More than 250.000 Euros. Ext. Vasicek. 

  
(c): From 50.000 to 250.000 Euros. CIR++ 

  



(d): From 50.000 to 250.000 Euros. Ext. Vasicek. 
  
 

  
(e): From 10.000 to 50.000 Euros. CIR++ 

  
(f): From 10.000 to 50.000 Euros. Ext. Vasicek. 

  
(g): Up to 10.000 Euros. CIR++ 

  
(h): Up to 10.000 Euros. Ext. Vasicek. 

  
 

Figure  75: Consumer households, NPIS serving households and unclassifiable units. Time series of the 
Term Structure of Liquidity: expected, 5-th percentile and 1-st percentile levels. 

  
 

G.  Mathematical Details of the Benchmark Metrics 
 

Economic Value 
At time 𝑡𝑡 = 0 , considering a time horizon equals to T (=10 years in our case), the 

Economic Value to the bank of the sight deposits is defined as  



 

    𝐸𝐸𝐸𝐸 (0,𝑇𝑇) =
EQ�∫𝑇𝑇𝑡𝑡0 𝐷𝐷𝐹𝐹(𝑡𝑡0,𝑠𝑠)𝐷𝐷(𝑠𝑠)(𝑅𝑅(𝑠𝑠)−𝐼𝐼(𝑠𝑠))𝑑𝑑𝑑𝑑�

𝐷𝐷(𝑡𝑡0)
 (13) 

 
where the dynamics for the interest rate 𝑅𝑅𝑠𝑠  are taken under the risk neutral measure 𝑄𝑄 , 
𝐷𝐷𝐹𝐹(𝑡𝑡0, 𝑠𝑠) = exp(−∫𝑠𝑠𝑡𝑡0 𝑟𝑟𝑢𝑢𝑑𝑑𝑑𝑑) represents the discount factor up to time 𝑠𝑠 and 𝐷𝐷𝑠𝑠 is the value 
of the deposit at time 𝑠𝑠. The 𝐸𝐸𝐸𝐸 is the expected difference between the market interest rate, 
at which deposits’ volume is reinvested, and the interest rate paid on the deposits. This quantity 
can be positive or negative depending on a number of factors related to the Bank, markets and 
behaviour of the depositors. The 𝐸𝐸𝐸𝐸 is expressed as a fraction of the initial total deposit amount, 
so that the metric can be easily used as a benchmark tool. 

Since we are working in discrete time steps the equation (13) becomes:  
 

    𝐸𝐸𝐸𝐸 (0,𝑇𝑇) = EQ�∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(𝑡𝑡0,𝑡𝑡𝑖𝑖+1)𝐷𝐷(𝑡𝑡𝑖𝑖)(𝑅𝑅(𝑡𝑡𝑖𝑖)−𝐼𝐼(𝑡𝑡𝑖𝑖))Δ𝑡𝑡�
𝐷𝐷(𝑡𝑡0)

 (14) 

 
where Δ𝑡𝑡 is the time-step chosen in the simulation (we have fixed Δ𝑡𝑡 = 1/12) and 𝑡𝑡𝑖𝑖 is the 
𝑖𝑖-th month in the period of time [𝑡𝑡0, 𝑡𝑡𝐼𝐼] = [0,𝑇𝑇]. The discount factor is accordingly modified as 
𝐷𝐷𝐹𝐹(0, 𝑡𝑡𝑖𝑖+1) = exp[−∑𝑖𝑖

𝑗𝑗=0 𝑅𝑅(𝑡𝑡𝑗𝑗)Δ𝑡𝑡]. 
We will also calculate the  𝐸𝐸𝐸𝐸 at stressed levels. We mentioned above that, for ease of 

comparison through all the metric, we refer to stressed values of the deposits’ volume, and hence 
we compute the measure of interest by assuming a deterministic term structure of deposits built 
on predefined levels of percentiles of the distribution obtained from the simulation. Let us 
indicate with 𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)  the amount of the deposits at time 𝑡𝑡𝑖𝑖 , corresponding the the 𝛼𝛼 
percentile of the distribution: the distribution is ordered from lower to higher values, so that at 
lower percentiles correspond lower deposits’ volume. The 𝛼𝛼-percentile    𝐸𝐸𝐸𝐸  is computed as: 

  

    𝐸𝐸𝐸𝐸 𝛼𝛼(0,𝑇𝑇) = EQ�∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(𝑡𝑡0,𝑡𝑡𝑖𝑖+1)𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)(𝑅𝑅(𝑡𝑡𝑖𝑖)−𝐼𝐼(𝑡𝑡𝑖𝑖))Δ𝑡𝑡�
𝐷𝐷(𝑡𝑡0)

 (15) 

 
We stress that the difference between equations (14) and (15) lies in that in the latter the amount 
of deposits at each 𝑡𝑡𝑖𝑖, 𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖), is a constant. By means of (15), we are able to assess how the 
deposits’ volume at stressed levels affect the economic value. 

 
Value of the Liability 
The value of the liability, which is the expected present value of the sum of all the cash-

flows related to both interest rate payments and variations of the deposited amount. Formally, 
the value of the liability is defined as:  

 

    𝐿𝐿𝐿𝐿 (0, 𝑡𝑡) = 𝐸𝐸𝑄𝑄[∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]]
𝐷𝐷(𝑡𝑡0)

 (16) 

 
where Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1) is the variation of the value of the deposit between time 𝑡𝑡𝑖𝑖 and 𝑡𝑡𝑖𝑖+1 and the 
expectation is still calculated under the risk neutral measure 𝑄𝑄 . Equation (16) shows the 



expected present value of the deposits seen as a liability to the Bank. Also in this case, we want 
to have a metric that can be used as a benchmark and for this reason we divide the present value 
of future cash flows by the initial deposits’ amount 𝐷𝐷(𝑡𝑡0). 

We define, similarly to the economic value, we can compute 𝐿𝐿𝐿𝐿corresponding to 𝛼𝛼-
percentile of the deposits’ volume distribution as:  

 

    𝐿𝐿𝐿𝐿 𝛼𝛼(0,𝑇𝑇) = 𝐸𝐸𝑄𝑄[∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]]
𝐷𝐷(𝑡𝑡0)

 (17) 
 

 
Floor Option on the Deposit Interest Rate 
The value of the floor can be quite easily determined as: 
  
    𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (0,𝑇𝑇) =    𝐿𝐿𝐿𝐿 (0,𝑇𝑇) − 𝐿𝐿𝐿𝐿 𝐹𝐹(0,𝑇𝑇) (18) 

where  
 

    𝐿𝐿𝐿𝐿 𝐹𝐹(0,𝑇𝑇) = 𝐸𝐸𝑄𝑄[∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1)−max[0,𝐼𝐼(𝑡𝑡𝑖𝑖)]𝐷𝐷(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]]
𝐷𝐷(𝑡𝑡0)

 
 
Since    𝐿𝐿𝐿𝐿 (0,𝑇𝑇) ≤    𝐿𝐿𝐿𝐿 𝐹𝐹(0,𝑇𝑇) then  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (0,𝑇𝑇) ≤ 0, meaning that the option is sold by the 
Bank and that at best (for the Bank) it can be worthless to the depositor. 

The values of the floor corresponding to 𝛼𝛼-percentile of the deposits’ volume distribution 
are defined as:  

 
    𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝛼𝛼(0,𝑇𝑇) =    𝐿𝐿𝐿𝐿 𝛼𝛼(0,𝑇𝑇) −    𝐿𝐿𝐿𝐿 𝛼𝛼𝐹𝐹(0,𝑇𝑇) (19) 

 
where the notation is the standard one we are using. 

 
The Duration 
The Duration of the liability associated to the sight deposits is the derived from the 

standard definition of contract’s cash-flows weighted by the time of their occurrence. Formally 
we have: 

  

    𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿 = 𝐸𝐸𝑄𝑄[∑
𝐼𝐼−1
𝑖𝑖=0 𝑡𝑡𝑖𝑖+1𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]
∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]

] (20) 

 
where Δ𝐷𝐷(𝑡𝑡𝑖𝑖+1) is the variation of the value of the deposit between time 𝑡𝑡𝑖𝑖 and 𝑡𝑡𝑖𝑖+1. 

The Duration corresponding to 𝛼𝛼 -percentile of the deposits’ volume distribution is 
defined as: 

  

    𝐷𝐷𝐷𝐷𝐷𝐷 𝛼𝛼𝐿𝐿 = 𝐸𝐸𝑄𝑄[∑
𝐼𝐼−1
𝑖𝑖=0 𝑡𝑡𝑖𝑖+1𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]
∑𝐼𝐼−1𝑖𝑖=0 𝐷𝐷𝐹𝐹(0,𝑡𝑡𝑖𝑖+1)[Δ𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖+1)−𝐼𝐼(𝑡𝑡𝑖𝑖)𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)Δ𝑡𝑡]

] (21) 

 
 
 



The Weighted Average Life 
The 𝑊𝑊𝑊𝑊𝑊𝑊 is calculated as the average life of the money in the deposit. The expected 

   𝑊𝑊𝑊𝑊𝑊𝑊  is defined as:  
 

    𝑊𝑊𝑊𝑊𝑊𝑊 = −𝐸𝐸𝑄𝑄[∑
𝐼𝐼−1
𝑖𝑖=0 𝑡𝑡𝑖𝑖+1[𝐷𝐷(𝑡𝑡𝑖𝑖+1)−𝐷𝐷(𝑡𝑡𝑖𝑖)]

𝐷𝐷(𝑡𝑡0)
]. (22) 

where the notation is the same as before. 
The    𝑊𝑊𝑊𝑊𝑊𝑊  corresponding to 𝛼𝛼 -percentile of the deposits’ volume distribution is 

defined as: 
  

    𝑊𝑊𝑊𝑊𝑊𝑊 𝛼𝛼 = −[∑
𝐼𝐼−1
𝑖𝑖=0 𝑡𝑡𝑖𝑖+1[𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖+1)−𝐷𝐷𝛼𝛼(𝑡𝑡𝑖𝑖)]

𝐷𝐷(𝑡𝑡0)
]. (23) 

 
Liquidity Risk Management 
To define the  𝑇𝑇𝑇𝑇𝑇𝑇𝛼𝛼 we start with the concept of historical minimum of deposits: on any 

given scenario we can evaluate the quantity:  
 
 𝑀𝑀(𝑡𝑡𝐼𝐼) = min

𝑡𝑡0≤𝑡𝑡≤𝑡𝑡𝐼𝐼
𝐷𝐷(𝑡𝑡) (24) 

 
where 𝐷𝐷(𝑡𝑡) is as usual the total volume of deposits. This number is the lowest level of deposits’ 
volume reached up to the time 𝑇𝑇, in a given scenario. 

We can now consider various measures of this quantity over scenarios, in order to obtain 
stressed predictions on the future behaviour of deposits. For a percentile 𝛼𝛼 of values taken from 
the simulations, we can calculate what is the minimum level reached at a given time. This brings 
us to the definition of the 𝑇𝑇𝑇𝑇𝑇𝑇 𝛼𝛼:  

    𝑇𝑇𝑇𝑇𝑇𝑇 𝛼𝛼(𝑡𝑡) = [𝑀𝑀(𝑡𝑡)]𝛼𝛼
𝐷𝐷(𝑡𝑡0)

 (25) 

 
where 𝑀𝑀 is the minimum as defined in (24), and the expression [⋅]𝛼𝛼 indicates that equation 
(24) as been computed by considering all the deposits volumes taken at the 𝛼𝛼-percentile of the 
simulations. The minimum is divided by the initial deposit amount so that we can come up with 
a metric that can be used as a benchmark tool. 
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