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Executive Summary
This paper presents a procedure for the modelling of net bank commissions (Non
Interest Rate Income) as a function of macroeconomic variables. The methodology
used to estimate the models is based on a Bayesian approach (BACE) method
which provides the degree of relevance for each macroeconomic variable,
determining its impact in explaining the evolution of the commissions. Uses of the
procedure described above range from internal management purposes to
regulatory and supervisory stress testing. A quantitative analysis of the
commissions is presented for the Italian banking system, at an aggregate level, and
for a sample of Italian banks, at single entity level.
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A

n important source of revenues for the banks is the amount of fees and commissions
they charge for the services offered. Under this denomination fall a wide variety of
revenues, including: commissions and fees earned from service charges, brokerage fees,
origination and servicing fee income from the servicing of mortgage loans, credit card receivables
and other consumer and commercial loans, trust fees, management and investment banking fees
and commissions earned from real estate management services (e.g.: fees for property acquisition
and development, advisory fees, asset management fees, facilities management fees and related real
estate services).
In order to understand the relevance of commissions in the banking industry, for 2015 as an
example, one may consider that net commission income as a percentage of Italian banks’ revenues
was 36.5%, one of the highest in Europe as reported in the analysis by the Ufficio Studi CGIA [9].
In more detail, this study shows that in the period 2008 - 2015 the increase in the cost of current
accounts, credit cards and other banking services in Italy rose by 20%. In the same period in
the United Kingdom the increase stopped at 11.5%, in France at 11.1%, in Spain at 6.5%, while
in Germany (-4.6%), Belgium (-7%) and especially in the Netherlands (-27%) there was a strong
decrease.
Figure 1 shows the evolution of other net income (approximation of net commissions at an
aggregate Italian level), expressed as a percentage of intermediation margin. The percentage in

FIGURE 1: Percentage weight of other net income with respect to intermediation margin
(Source: Banca d’Italia).
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recent years has been around 40%, which once again means the importance of net commissions
in a bank financial statement. In one of the few empirical studies, as Mirza et al. state in [7], bank
commissions represent on average between 20% and 30% of the total income of Euro-area banks
and about two-thirds of banks’ total non-interest income, thus confirming the figures above.
Given these figures, it is surprising that little attention has been paid at the modelling and
analysis of this P&L item: a list of the most recent works includes Coffinet et al. [2], which
investigates the sensitivity to adverse macroeconomic scenarios of the main sources of banking
income, such as commissions, within the French banking system; ECB Financial Stability Review 2013
[5], where it is pointed out that a more systematic modelling of fees in relation to the underlying
macro-financial factors could help in forward-looking exercises like as stress tests, in contrast to
the frequently applied assumption of a constant evolution and finally Kok et al. [6], in which the
challenges of increasing commission income are discussed and some of the potential financial
stability implications related to a greater reliance on these income sources are highlighted.
The modelling of bank fees is a scarcely addressed issue within banks and it is mainly considered
in the the stress test exercises (e.g.: EU-wide EBA stress tests), which European banks must regularly
run since 2012.
This income component was often considered to be stable, but this hypothesis is too simplistic
and does not take into account the fact that the commissions have some cyclical features. As such,
treating this item independently of macroeconomic developments in conducting supervisory and
prudential stress tests could lead to an underestimation of banks’ sensitivity of income in the
macroeconomic shocks.
The aim of this work is to model bank commissions so that banks can have a tool to predict the
trend of fees and commissions in future years, taking into account various possible macroeconomic
scenarios, for internal banking management purposes, for ICAAP (Internal Capital Adequacy
Assessment Process) and stress test purposes within the ECB - EBA regulation.
To this end, we propose an econometric framework for estimating the relationships between
some macroeconomic and financial factors and net banking fees using an estimation methodology
based on a Bayesian approach. More specifically, Section 2 describes the methodology used for the
modelling of the bank charges under study, with the description of the calibration of the models,
the estimation and forecast of the target variable under different macroeconomic scenarios. The
data used in the analyses are presented in Section 3, while the main empirical results obtained are
presented in Section 4. Finally, Section 5 shows the conclusions reached thanks to the implementation
of the methodology used on commissions in the Italian banking system.

1.

Methodology

We will apply an econometric technique to modelling fees and commissions; namely we will implement a BACE approach in order to obtain the list of explanatory variables ordered by probability
of inclusion in the final model and the coefficients associated with them. We will outline the
framework and briefly review the BACE approach.
1.1 The BACE Approach
The target variable is modelled by linear regressions; in these models the behavior of a target
variable (net commissions) is approximated by the linear combination of a set of independent
variables (macroeconomic variables). Basically, we will come up with a satellite model built in the
same spirit as satellite models used for credit and market variables. We will use a BACE approach
to identify the final model.
The Bayesian Averaging of Classical Estimates (BACE) is an approach for averaging linear
regression among a sample of possible models. Its main object is to capture the goodness of fit
for each model tested and then to compute, through a metric, the goodness of each independent
variable included in those models. The BACE was introduced by Sala-i-Martin et al. [8] to answer at
the following question: which predictors among a large sample of variables are the best choices for
the target variable? Therefore, they develop a methodology that takes into account the goodness of
fit for each model, called posterior probability, and then they used it for disentangle, among the large
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set of possible models given by the combination of all regressors, the best models from the worst
ones. The BACE is often adopted to build satellite models, and more recently also for behavioural
risk modelling, as in Castagna and Scaravaggi [1].
Let us start with the definition of the general model for the fees and commissions, which can be
represented as follows:
Yt = a + b 1 x1,t + b 2 x2,t + ... + b r xr,t + g1 x1,t

1

+ ... + gr xr,t

1

+ et

(1)

where:
• a: model intercept;
• b i : coefficient relative to the i-th regressor at time; t
• gi : coefficient relative to the i-th regressor at time t

1;

• xi,t : i-th regressor of the model evaluated at time t;
• et : error term at time t.
A specific model is generated for each combination of explanatory variables, after choosing the
maximum number of regressors to be inserted in the linear regression. According to the BACE
methodology, the set of possible models is defined taking into account all combinations of the p
independent variables, as follows:
K
p!
M= Â
(2)
k!( p k)!
k =1
where M is the total number of combination, k is the model size and K is the maximum model size.
Model size k is meant the number of independent variables included in the OLS regression which
belongs in the interval [1; K] with K  p. In the case K = p, the number of models M is equal to the
entire set of possible combination 2K .
Once the model size and the total number of independent variables have been chosen, the prior
probability for the j-th model becomes P(M j ) = K/p.
The posterior probability is a function of the model’s goodness of fit:
P( M j |y) =

P( M j ) T

k j /2

ÂiM
= 1 P ( Mi ) T

RSS j

Tj /2

k i /2 RSS Ti /2
i

(3)

where M j identifies the j-th model with j, i 2 [1; M], y is the observation vector on dependent
variable, P( M j ) is the prior probability of the model j-th, Tj is the observation set used in estimating
j-th model, k j is the number of independent variables and finally the RRS j identifies the Residual
Sum of Squares of the j-th model.
The Bayesian averaging approach involves the calculation of the posterior coefficient of each
explanatory variable entered in the OLS models: it is obtained by summing the posterior probability
of the model set M in which the explanatory variable is present. So we have the following:
E( b j |y) =

M

Â P( Mj |y) b̂i,j

(4)

i =1

where b̂ i,j is the coefficient of the i-th OLS estimate of the j-th coefficient, with j 2 J M where J M is
the set of models in which the j-th coefficient is present.
In addition, the BACE provides for the calculation of the posterior inclusion probability (PIP) that
can be referred to each explanatory variable, expressing the probability that the j-th explanatory
variable will become part of the final model conditioned by the information obtained during the
estimation.
(
M
1 if b j 2 Mi
P( b j |y) = Â P( Mi |y) H, with H =
(5)
0 if b j 2
/ Mi
i =1
This method allows to obtain probabilities that are proportional to the level of goodness of the
single models. In fact, equation (3) shows that posterior probability is inversely proportional to the
residual sum of squares.
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1.2 Model Specification
In the analyses carried out in what follows, we identify 10 macroeconomic variables, each taken
also at first lag, for a total of 20 regressors. This means that p corresponds to 20. Besides, we limit
the number of regressors entering each specific model at K = 7.
Models characterized by the presence of a relevant correlation between regressors have been
eliminated to avoid problems of multicollinearity, just as regressions containing the same variables
at different times have been excluded for practical, methodological and computational reasons.
The coefficients of each model are estimated using the method OLS and in order to correct any
residual autocorrelation, the process was given the possibility to include the lagged target variable
among the regressors if specific statistical tests highlight the problem (e.g. Durbin-Watson test).
It should be pointed out that the BACE approach is based on the fundamental assumption that
one cannot know with certainty what the correct specification of the model is: one can simply
estimate each model generated by the combinations of a given set of explanatory variables and
assign to each regression a weight that determines its predictive performance.
Finally, it should be noted that, before applying the BACE methodology, economic constraints
were imposed on regression coefficients in order to consider only the economically significant
contribution of the variables in the procedure.
1.3 Final model and Forecasting
Once the BACE methodology has been implemented, we obtain the order of relevance of the
explanatory variables, thanks to the PIP, and the estimation of the associated coefficients. The final
model will contain all the explanatory variables, with a coefficient equal to the sum of all coefficients
associated to each explanatory variable appearing in the single possible models.Finally, statistics are
calculated for the model obtained in order to assess its statistical goodness (e.g. R2 , statistics related
to different types of statistical tests, etc.).
At this point, it is possible to estimate the values of the target variable, or the net commissions
and fees. As described above, one of the main uses of the approach we outlined, is the projections
of this banks’ P&L item in future scenarios. So, as an example, we will apply it to the scenarios
defined by the ECB for the EU-wide stress test exercise run by EBA in 2016 [4]. In more detail, two
types of economic scenarios were provided:
• Baseline scenario in which a situation characterized by economic stability is assumed;
• Adverse scenario in which the state of the economy is expected to deteriorate significantly.
We refer to the EBA and ECB documents for the values of the economic and financial variables in
each of the two scenarios.
In this way, we can assess the impact of the economic and financial variables on the net
commissions, especially in a situation of worsening of the economic environment.

2.

Applications of the Framework

We present a practical application of the framework sketched above to the Italian banking sector.
First we present the results obtained from the application of the approach on aggregated data for
the entire banking industry, then we will produce a specific application to a representative sample
of 6 Italian banks: Intesa Sanpaolo, Unicredit, UBI Banca, Banca Monte dei Paschi di Siena, Credito
Emiliano - CREDEM and Banca Popolare di Milano.
2.1 Fees and Commissions
The variable to be modelled represents the amount of net fees in the balance sheet. In the
application for the single banks, we used the data referrring to net commissions in the Bankscope
database for each bank; for the aggregated analysis, we used the data of Italian banking industry
available by the Banca d’Italia statistical data base. The period examined ranges from 2005 to 2015
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FIGURE 2: Historical series of "other net income" values from 2001 to 2014 - values in millions of euros.

for the sample of banks, while it starts in 2001 and ends in 2014 for the entire Italian banking system.
Since the data are derived from banks’ balance sheets, they are observed on an annual frequency.
Figure 2 shows the values taken from the aggregated data of Italian banks made available by the
Banca d’Italia: it can be noted that a peak was reached before the great financial crisis in 2008.
2.2 Macroeconomic and Financial Variables
The independent variables (regressors or explanatory variables) used to model the target variable
consist of macroeconomic variables related to the Italian economy. We use several sources: European
Central Bank (ECB), Banca d’Italia and ISTAT (Italian national institute of statistics).
The macroeconomic variables used in the analysis are as follows:
• Percentage change in gross domestic product (GDP);
• Inflation rate (CPI);
• Unemployment rate;
• Percentage change in disposable income;
• Percentage change in house price index (HPI);
• Long-term rate (10 years);
• Variation in long-term rate;
• Short term rate (Euribor 3m);
• Percentage change in stock exchange index (FTSE);
• Variation in euro/dollar exchange.
This set of regressors has been selected taking into account the most relevant national macroeconomic variables. These explanatory variables are included in the model at the same time of the
target variable and with reference to the previous year.
In more detail, the coefficients relating to GDP, interest rates, inflation rate, disposable income,
house price index and FTSE were bound to be positive, while the coefficient associated with the
unemployment rate was imposed negatively. Furthermore, the regression coefficient linked to the
euro/dollar exchange left unconstrained.
The selected variables provide an insight into both the state of the financial markets and the
situation and performance of the economy in general.
www.iasonltd.com
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FIGURE 3: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown) - original data in billions of euros.

2.3 Aggregated Banking System
Figure 2 shows the evolution of the historical series of the net fees and commissions. We can
see the expansionary phase before the beginning of the great financial economic crisis, and the
downturn that occurred in 2011 during the strong pressure that the Italian economic system went
under in that period.
For the aggregated analysis we identified 1166 models and we estimated their coefficients. Then
the BACE method has been applied, as described in section 1, and the contribution of the explanatory
variable is obtained.
Table 3 shows the list of macroeconomic variables entering the final model with their associated
coefficients and their posterior inclusion probability. The table shows that the macroeconomic
variable most commonly found in the models (with a posterior inclusion probability of almost 98%)
and with greater explanatory power is the percentage change in the FTSE MIB stock market index;
this is can be economically sensible, since it indicates a general vibrant activity in the financial
markets that may generate fees for banks, and also a positive economic environment.
The second and third most important variables are, respectively: the absolute variation of the
euro/dollar exchange rate with a lag of one year, even if the p-value associated with it indicates the
low significance of the variable; and the short-term rate represented by the 3-month Euribor rate.
Table 4 shows the main statistics for the final model. As can be seen, the R2 index provides
information on the goodness of the model; it is relatively high, confirming the good performance of
the model estimated. In addition, different statistics on residuals are shown, in particular p-values
of different tests: the Ljung-Box test that tests the autocorrelation of residuals (specifically, the
absence of correlation is accepted), the Shapiro-Wilk and Shapiro-Francia tests useful in testing
the hypothesis of normality of residuals (in this case the residuals can be considered normally
distributed). Furthermore, the t-test is used to check that the residuals have an average zero and
this test is also passed.
Furthermore, for sake of completeness, Figure 5 shows the histogram of the residuals where it
is possible to see the comparison with the normal distribution and the autocorrelogram. The first
helps to graphically test the distribution of residuals, while the second is a particular graph that
allows to verify the presence of autocorrelation of residuals, which can be considered absent because
the bars are all contained within the confidence interval shown.
All the statistics described above show that the final model is very satisfactory for modelling.
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FIGURE 4: Model statistics.

(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 5: Residual analysis charts.

Let us now focus on the projections of the fees and commissions in the two different scenarios
provided in the 2016 stress tests. The results are in a graph (Figure 6), where the different future
paths followed by the fees and commissions are shown, based on the macroeconomic scenario.
One can observe how the fees and commissions suffer a drop in the worst case scenario. This is
due to the fact that a worsening of the economic performance will produce a reduction of the other
net income. On the other hand, it is possible to observe that when the economic performance is
stable or improves, also the evolution of the fees and commissions is stable or grows.
Table 7 shows the values assumed by the fees and commissions (or, other net income) in the two
macroeconomic scenarios and the respective multipliers calculated as a ratio of the projected values
to the level at the reference date (i.e.: end of 2015), thus highlighting the expected percentage change
with respect to the starting value.
A similar analysis has been carried out by Mirza et al. [7], who consider the ratios between net
commissions and total assets for a sample of banks in each euro area country. We have here used a
different methodology, particularly for the selection of variables and the estimation of coefficients.
Similarly to us, they also use the scenarios provided by the EBA for the 2016 stress tests to forecast
the fees and commissions.
As far as the forecasts are concerned, under the adverse scenario, we find similar percentage
variations in the three years, with respect to our starting date. Mirza et al. [7] note that in the first
year of the scenario most European banks are expected to decline by up to 5%, and this trend is
also fully confirmed by our model. For the second year they predict an increase in the number of
countries where banks are affected by a reduction in fees, with an average decrease of around 5%;
our forecast is also in line, which stands at around 3.4%. The fees and commissions improve in the
last year of the scenario, where countries with significant contractions are reduced; the improvement
is also captured by our model, where the other net income basically revert to the starting value.
However, it should be kept in mind that their target variable is not exactly the same as ours, since
the commissions are related to total assets.

www.iasonltd.com
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FIGURE 6: Forecasts under the Baseline and Adverse scenarios for 2016-2018. Values in millions of euros.

FIGURE 7: Other net income (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.

2.4 Sample of Banks
The sample of banks we chose can be considered representative of the Italian banking system due
to their importance and presence country-wise; we also considered the availability and robustness
of the public data available. The methodology applied is the same as above: the target variable is
the amount of net fees reported on the balance sheet and available through the Bankscope database.
Figure 8 shows the evolution of net commissions of selected banks: it is possible to observe the
model performance and the impact of macroeconomic scenarios on the fees and commissions.
In Table 10 we show the full details of the results for one main Italian bank: Intesa Sanpaolo
(details for other banks are in the Appendix). In more detail, te table show the results obtained
by BACE methodology for each variable: the posterior inclusion probability associated with the
variables and the estimated coefficients, which for clarity’s sake are related to regressors expressed
in billions of euros. The variable with a higher probability of entering the final model, which is an
indication of its explanatory power, is the absolute variation in the euro/dollar exchange rate.
The relevance of the lagged variables for modelling the target variable can be explained by the
nature of the available data; in fact, the data are extrapolated from bank balance sheets and often
affected by the influence of the previous year’s economic situation, with the determination of a
carry-over effect.
It is interesting to note that a significant positive contribution is made by gross domestic product,
which is considered a typical indicator of an economy’s health. Another variable that highlights
the state of the country’s economy is the percentage change in the house price index, which is
a signal of the liveliness in the origination of mortgage loans. It is reasonable to think that an
expanding real estate sector combined with an expansionary phase of the economy leads to the
underwriting of additional mortgages, which generates an increase in the resulting commissions.
Finally, the negative sign associated with the unemployment rate confirms the negative impact of
general economic conditions on the fees earned by the bank.
Looking at Figure 8, the time series shows once again a downturn caused by the unfavourable
scenario of the 2016 EBA Stress Test, and a slight upward trend in the baseline scenario. Table ??
presents the forecasts of the commissions in the years for the macroeconomic scenarios and their
multipliers. In the Appendix we report the details on model statistics.
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(a) Intesa Sanpaolo.

(b) Unicredit.

(c) UBI Banca.

(d) Monte dei Paschi di Siena.

(e) CREDEM.

(f) Banca Popolare di Milano.

FIGURE 8: Forecasts under the Baseline and Adverse scenarios for 2016-2018 for the sample of 6 Italian Banks. Values in
millions of euros.
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FIGURE 9: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown), for Intesa SanPaolo.

FIGURE 10: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios, for
IntesaSanPaolo.
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3.

Conclusion

In this article we have presented a methodology for modelling net commissions, a relevant
balance sheet item in the banking sector, by linking them to main macroeconomic and financial
variables. In order to do this, we have used a fairly robust approach in the econometric field, the
BACE technique, which is largely employed by the ECB’s in analysing and stress testing the banking
industry performance.
We have practically tested the approach in the Italian banking industry, both at an aggregated
system level, and at single institution level, for a sample of 6 banks. The models estimated using
the BACE methodology are very satisfactory under a statistical point of view, detecting significant
relationships between the fees and commissions, and macroeconomic variables. The resulting models
can be used for several purposes, ranging from managerial planning and forecasting, to ICAAP
stress tests, including scenario analysis run for regulatory reasons as required by the European
Banking Authority and the European Central Bank on regular basis by now.
The approach seems promising and robust also to applications to other countries.
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A.

Regressors and expected contribution

FIGURE 11: List of variables used as regressors and expected sign to explain the target variable.
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B.

Detailed level analysis

B.1 Intesa Sanpaolo

(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 12: Residual analysis charts.

FIGURE 13: Residual analysis charts.
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B.2 Unicredit

FIGURE 14: Residual analysis charts.

FIGURE 15: Residual analysis charts.
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(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 16: Residual analysis charts.

FIGURE 17: Model statistics.
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B.3 UBI Banca

FIGURE 18: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

FIGURE 19: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.
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(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 20: Residual analysis charts.

FIGURE 21: Model statistics.
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B.4 Banca Monte dei Paschi di Siena

FIGURE 22: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

FIGURE 23: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.
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(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 24: Residual analysis charts.

FIGURE 25: Model statistics.
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B.5 Credito Emiliano - CREDEM

FIGURE 26: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

FIGURE 27: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.
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(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 28: Residual analysis charts.

FIGURE 29: Model statistics.
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B.6 Banca Popolare di Milano

FIGURE 30: Final regressors, regression coefficients, posterior inclusion probabilities and statistical significance (only final
regressors with a PIP greater than 0.0001 are shown).

FIGURE 31: Commissions (in millions of euros) and multipliers in the Baseline (BL) and Adverse (ADV) scenarios.
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(b) Autocorrelation function of residuals.

(a) Histogram of residuals.

FIGURE 32: Residual analysis charts.

FIGURE 33: Model statistics.
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