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Editorial

Dear Readers,

After a year Argo returns with an innovative design and layout to reflect the
new essence of Iason.

The magazine is now organized in five core sections to reflect the area of in-
tervention of the company: Trading Book, Credit, ALM & IRRBB, Stress Test
and Advanced Techonology for Finance. Iason is working on all these areas
with several projects in the risk management departments of the main financial
institutions.

Argo publication highlights the level of research and activity that Iason con-
stantly performed on models and methodologies for market, credit and liquidity
risks with the most accurate level of details. Also new technologies and their
applications in the financial industry are considered as extremely important in
the development of risk frameworks.

Argo Issue n. 12 presents two important contributions in the Liquidity Risk and
Trading Book areas.

In the Liquidity Risk section, Antonio Castagna e Antonio Scaravaggi enhance
the analysis conducted on Castagna and Misté: “Risk and Profitability of Sight
Deposits in the Italian Banking Industry” published in Argo, Issue 11-2016. They
show evidence on how the framework can be used as a benchmark tool by single
banks and supervisors.

The Trading Book section opens with a contribute on CVA risk framework. Gian-
battista Aresi and Luca Olivo propose a detailed study on new CVA regulations,
recently reviewed by the Basel Committee. They compare the BCBS standards
on CVA with the reviewed market risk standards (FRTB), analysing any possible
implications on banks risk infrastructure.

We conclude, as usual by encouraging the submission of contributions for the next
issue of Argo to help improve and innovate this newsletter everytime. Detailed
information on how to contribute is on the front pages.

Enjoy reading!

Antonio Castagna
Luca Olivo

Giulia Perfetti
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ALM & IRRBB

A Benchmark Framework
for Non Maturing Deposits:

An Application to Public Data
Available from Banca d’Italia

aaaa

Antonio Castagna Antonio Scaravaggi

T his paper presents an application of stochastic risk factor approach to model the non-maturing deposits
and it sketches a benchmark framework to assess the related expected profitability and the liquidity
and duration risks of a bank compared with the rest of the economic system it works within. More

specifically, we calibrate the model to system data for sight deposits of the Italian banking industry, available
from the public statistical data base of Banca d’Italia, spanning over a long period of time that includes the
Euro Crisis. The approach is applied to both retail and corporate customers, and it considers their different
behaviour based on the size of their deposit. It allows for i) an integrated modelling of the market interest
rates, creditworthiness of the bank and evolution of the deposits’ volume; ii) stochastic risk factors driving
deposits’ rates and volume; iii) unified and consistent measurement of the interest rate risk and the liquidity;
iv) negative interest rates, both at inception and in the future; v) the evaluation of optionalities such as the
zero floor on the deposits rates; vi) stress testing for ALM purposes

In this paper we apply and extend the anal-
ysis in Castagna and Mistè [7], by showing
how the framework that has been adopted

therein can be used as a benchmark tool by sin-
gle banks and by Supervisors.

A renewed attention to the modelling of non-
maturing liabilities has arisen after the publi-
cation of a consultative document [1] by the
Basel Committee, and eventually of the new
standards [2] on the measurement and the man-
agement 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,1 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 at-
tention on public data on sight deposit available
from Banca d’Italia for the Italian banking sys-
tem. Similar calibration can be performed for
other countries.

As for the analysis in Castagna and Mistè
[7], 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 de-
positors, 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 computa-
tion of the Economic Value; additionally, we will
calculate the Duration of the deposits’ volume, a
measure related to interest rate risk; and finally

1See the press release [11] and the presentation [12] on the ECB’s website.
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FIGURE 1: The Stochastic (Risk) Factor approach framework.

we will compute the Weighted Average Life and
the Term Structure of Liquidity, at several per-
centile levels, as measures of the liquidity risk
useful to assess the stability of the deposits’ vol-
ume. All these metrics will be defined in a way
consistent with their use as a benchmarking tool
by the Supervisors.

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. The depen-
dencies are estimated by standard econometric
techniques; then, these dependencies can be
used to simulate the future evolution of the de-

posits so as to compute a range of metrics and
measures for risk management purposes and
for profitability monitoring.2

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:

• 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;

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 de-
pends 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 mod-
els 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.

2The 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 [14], Kalkbrener and Willing [15], Dewachter, Lyrio and Maes [10],
Nystrom [16] and Blochlinger [3]. For a more general overview, see also Castagna and Fede, chapter 9, [6].
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FIGURE 2: The Basel Standard approach framework.

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 pro-
vide 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 ([1] and [2]),
and which for this reason we refer to as the
Basel standard approach. We sketch the frame-
work 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 sepa-
rated 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 in-
vestment, 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.

This approach is more simplified than the SF
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 mar-
ket 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 creditwor-
thiness 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 pro-
jected decline would be the same in any rates’
environment.

Basically, the standard approach is made of

10
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two separate modelling, i.e.: the volume and
the deposits’ interest rate, and there is no in-
terrelation 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 SF approach tries to remedy at the weak-
nesses 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 consis-
tently affected by those. Secondly, the future
distribution of the deposit’s volume is 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 SF ap-
proach is superior and more powerful to deal
with several market environment, including the
current one.

Market Interest Rate

The relevant market interest rate for our
models is a short-term risk-free rate: we con-
sider 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.

CIR++ Model

The first model is an extension of the CIR
dynamics introduced by Cox, Ingersoll and Ross
[8], denoted as CIR ++, which is due to Brigo
and Mercurio [5]. In this setting, the dynamics
of the instantaneous risk-free rate rt is given by
the sum of a deterministic time function com-
ponent yt and a stochastic variable xt, which
follows a mean reverting square-root process,
the original CIR dynamics:

rt = yt + xt, (1)

dxt = kx(qx � xt)dt + sx
p

xtdWx
t (2)

where kx, qx and sx are the parameters of the
CIR dynamics and Wx represents the Wiener
process.

The deterministic function yt can be cali-
brated to the zero rate curve on the reference
date t0), 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 T
as follows:

P(t, T) = e�
R T

t ysds A(t, T)e�B(t,T)xt (3)

where the functions A(t, T) and B(t, T) are de-
fined as:

A(t, T) =


2g exp[(kx + g)(T � t)/2]
2g + (kx + g)(exp[(T � t)g]� 1)

� n
2

B(t, T) =
2 exp[g(T � t)]� 1)

2g + (kx + g)(exp[g(T � t)]� 1)

g =
q

k2
x + 2s2

x

n =
4kxqx

s2
x

The CIR process x(t) has a lower reflecting
barrier at 0, so that negative rates can be pro-
duced only by the deterministic function yt.
This means that future scenarios with negative
rates are strongly limited to the starting condi-
tions prevailing at the reference date when yt is
calibrated to market rate quotes.

Extended Vasicek Model

The second model we use is an extended
Vasiceck model [17] (see Brigo and Mercurio [5]
for a detailed discussion). Also in this setting,
the dynamics of the instantaneous risk-free rate
rt is given by the sum of a deterministic time
function component yt and a stochastic vari-
able xt, which follows a mean reverting Orn-
stein–Uhlenbeck process:

rt = yt + xt, (4)

dxt = kx(qx � xt)dt + sxdWx
t (5)

where kx, qx and sx are the parameters of the
Ornstein–Uhlenbeck dynamics and Wx repre-
sents a Wiener process. In this case, x(t) 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.

Issue n. 12 / 2018
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The zero-coupon bond price at time t with
maturity at time T has the same functional
form as in equation (3), with modified functions
A(t, T) and B(t, T):

A(t, T) = exp
✓

qx � s2
x

2k2
x

◆
[B(t, T)� T + t]�

+
s2

x
4kx

B(t, T)2
�

B(t, T) =
1
kx

[1 � exp[�kx(T � t)]]

Regardless of the model, from the zero
coupon bond pricing formula (3) (with the
proper A(t, T) and B(t, T) functions), we can
derive the simply compounded Eonia swap rate
R(ti�1, ti) for a maturity time Dt, which in our
case is equal to 30

365 = 1 month. In a generic
form, the simply compounded rate between
time ti�1 and ti valued at time ti:

R(ti�1, ti) ⌘ R(ti) =

✓
1

E[D(ti�1, ti)]
� 1

◆
1

Dt
(6)

where D(s, t) = exp(�
R t

s rudu) represents the
discount factor up to time t. Conditioned at the
value r(s), in the CIR ++ or Extended Vasicek
setting E[D(s, t)] = P(s, t); at time t0, we have:

R(t0, t1) =

✓
1

P(t0, t1)
� 1

◆
1

Dt
(7)

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

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 with a stan-
dard CIR dynamics:

dSt = kS(qS � St)dt + sS
p

StdWS
t (8)

where kS, qS and sS are the parameters of the
model and WS

t is the Wiener process.
The details on how the CDS index is built

are provided in Section , where we show how
the framework is calibrated and the input data
we used.

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’ vol-
ume through time. An increase of the deposit

rate will work as an incentive for existing de-
positors 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 cred-
itworthiness 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 de-
pendent on the two risk factors and on the de-
posit rate. The main principle in identifying
how the risk factors affect the deposits’ evolu-
tion is linked to the depositors’ liquidity prefer-
ences: the lower the market interest rates, the
higher the depositors’ propensity to keep cash
and high-liquidity assets, such as sight deposits.
So, a negative relation is expected to be found
between the level, or variations (or their func-
tions), 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 with-
draw 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 de-
posit rate on the deposit volume) is determined
by means of an econometric analysis. In more
detail, we adopt a Bayesian Average of Clas-
sic Estimates (BACE) methodology, which is
widely used also by the ECB in building bench-
mark models for stress testing purposes, see [9]
and [13] 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 speci-
fication with certainty: we can simply estimate
every model generated by the combinations of
a given set of explanatory variables, and we as-
sign to each regression equation a weight that
reflects their relative predictive performance,
which then results in a final equation that in-
cludes all the regressors with a weighted coef-
ficient (see Section of the Appendix for more
details on how the weights are computed and

12
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their interpretation).
In summary, we have to follow four steps:

1. Identify K explanatory variables;

2. Define the number of lags q for each ex-
planatory variable that can possibly enter
into a regression equation, determining
the total number of regressors K ⇥ q;

3. Select all the possible combinations based
in the maximum number L of variables
that can enter in a regression equation;3

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 accord-
ing to its robustness and the conformity of
the sign of the regressors’ coefficient with the
expected ones. If the tests on residuals can-
not exclude that they are autocorrelated, then
the equation is re-estimated by allowing for an
AR(1) on the errors.4

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

Hence, the model space is given by all pos-
sible combinations of regressors from the set
of K ⇥ q variables, with the dimension of each
model set at a predefined number of regressors
L  K ⇥ q. When all combinations of variables
in the model with L regressors are considered,
the total number of possible models J can be
computed as:

J =
L

Â
l=1

(K ⇥ q)!
l!(K ⇥ q � l)!

(9)

The final model equation for the deposit in-
terest rate is given by:

I(ti�1, ti) = I(ti) =

a +
K

Â
k=1

⇥
(bk

0Xk(ti) + ... + bk
qXk(ti�q))

⇤
+ h I

t

(10)

where I(ti�1, ti) is the deposit interest rate
for the period [ti�1, ti] and h I

t = rh I
t�1 + eI

t , so

that we allow the error term to be autoregressive
of order 1.

The regressors Xk(ti) are shown in Table 20
in Section of the Appendix, where also the
expected sign are indicated. So, we have four
main explanatory variables: the market inter-
est 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 K = 12 ex-
planatory variables. Each of them can enter in
a model equation with lag 0, 1 and 2 quarters,
which means we have q = 3 lags. Therefore,
we can identify four groups of 9 variables each
(see Table 20), for a total number of regressors
of 12 ⇥ 3 = 36.

Each model equation is allowed to have
L = 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 ti, D(ti), is simi-
larly defined as a function of the same explana-
tory 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 in Section
of the Appendix shows all the regressors for the
deposit volume. Additionally, we allow also for
seasonality effects, by adding a constant gi for
each of the four quarters. The final model is:

D ln(D(ti)) = a +
4

Â
i=1

gi1{Qui = 1}+

+
K

Â
k=1

⇥
(bk

0Xk(ti) + ... + bk
qXk(ti�q))

⇤
+ hD

t

(11)

where hD
t = rhD

t�1 + eD
t , and Qui is the i-

th quarter (with Jan/Feb/Mar being the first
quarter).

The regressors Xk(ti), and theirs expected
signs, are shown in Table 21 in Section of the
Appendix. There are 8 main explanatory vari-
ables: the market and deposit interest rates, the
spread between them, the QoQ variations of
market and deposit interest rate, the QoQ vari-
ations of the spread between them, the CDS

3We preliminary calculate the correlation between two regressors: if it is above 80% we prevent them to enter simultane-
ously in the same regression equation.

4A standard Cochrane-Orcutt procedure is used for the estimation.
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FIGURE 3: Market curve of the zero rates implied in the Eonia swap rates, for the reference date 31/12/2016.

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 K = 24 explanatory variables
that can enter a model equation with lag 0, 1
and 2 quarters, which means we have q = 3 lags;
so, we have four groups, two of which contain-
ing 27 variables and the other two containing 9
variables each (see Table 21), for a total number
of regressors of 24 ⇥ 3 = 72.

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

Calibration of the Framework

We calibrate the framework above to differ-
ent 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 fac-
tors, i.e.: the market short-term risk free rate
and the CDS index.ant.

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.

The Data Set

The short rate models (CIR++ 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 19 in the Appendix 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 ).

To measure the market perceived credit risk,
we build an index as a proxy for a hypothetical
CDS of the Italian banking industry: we com-
pute 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 sheet5. The banks consid-
ered are Banco Popolare, BPM, BNL, Intesa San-
paolo, 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
5The deposits’ volume data are taken from the balance sheets published in 2016.
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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).

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 quar-
terly time series for each bank and the CDS
index for the system.

For the deposits’ volume and the deposits’
interest rate, the source of the data is the Statis-
tical Database of Banca d’Italia.6 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 granular-
ity of data allows for a focussed calibration of
the framework so that it can be used by the Su-
pervisors to create robust benchmarks to assess
the riskiness of sight deposits even of relatively
small banks, or banks that work in specific geo-
graphical 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).

In more details, 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]) for the prod-
ucts. Since the data set contains amounts
multiplied by the number of days, we ob-
tain the deposits’ volume by dividing the
quarterly product by the actual number of
days in each quarter.

• Interest rates on sight current account de-
posits: classified by sector and size of de-
posit (code [TDB30960 5640113]) for the
deposits’ interest rate.

All data are quarterly.
6The data are publicly available at https://www.bancaditalia.it/statistiche/basi-dati/bds/index.html.
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(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.

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

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

– up to 10.000 Euros;

– from 10.000 Euros to 50.000 Euros;

– from 50.000 Euros to 250.000 Euros;

– more than 250.000 Euros.

• Consumer households, non profit institu-
tions (NPIS) serving households and un-
classifiable units (CH,NSH&UI),

– up to 10.000 Euros;

– from 10.000 Euros to 50.000 Euros;

– from 50.000 Euros to 250.000 Euros;

– more than 250.000 Euros.

The plots of the time series of deposits’ vol-
ume and interest rate for each cluster are in
Figure 5.
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FIGURE 6: Calibrated parameters for the market risk factors.

Results

Risk Factors

The CIR++ and the extended Vasicek mod-
els for the short rate are calibrated by a proce-
dure in two steps:

• the parameters kx, qx and sx relative to the
stochastic part xt of either CIR ++ and
the extended Vasicek model, have been
estimated by means of a Kalman filter cal-
ibration and the starting point r(t0) is set
equal to the last value of the time series for
the shortest maturity rate (O/N), (in case
of CIR ++ this occurs if the rate is posi-
tive, otherwise it is set equal to 0.01%). In
our calibration the estimated parameters

and the initial value are shown in Table
6.7

• the function yt is determined by imposing
an exact fit of the CIR ++ 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 CIR dynamics is
calibrated to the time series of the index by a
procedure suggested by Brigo et al.Brigo et al.
[4]. Details are in Appendix .

The results of the calibration are given in
Table 6.

7More details on the Kalman filter calibration of the CIR ++ model can be found in Castagna and Fede [6].
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Deposits’ Interest Rates and Volume

Equations (10) and (11) have been estimated
and results are shown in Section of the Ap-
pendix. 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 proba-
bility it belongs to the final model, see Section
of the Appendix), and the p-value (i.e.: the prob-
ability the coefficient is not statistically different
from zero).

It should be stressed that the number of vari-
ables 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 regres-
sors for each cluster and they never contain the
complete list of the possible regressors.

Also noteworthy is that we add the coef-
ficient r of the AR(1) on residuals: some re-
gressions do not pass the test on independently
distributed residuals, so we need to modify the
equation by adding the AR(1) process. Addi-
tionally, for the deposits’ volume models, the
tables show four dummy variables for the quar-
ters: 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 1st

quarter effect produced by the constant.
A second table, shows the R2 of the final re-

gression model, and a number of tests to assess
the normality and autocorrelation of the residu-
als. 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 autocorrela-
tion function, to assess if the residuals of the
final model are actually not autocorrelated; the
histogram of the residuals compared with a nor-
mal 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.

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 gener-
ate a number of simulated paths for the factors
by means of the estimated dynamics, following
these steps:

• compute m = 12, 288 paths for the market
rate 1M Eonia and for the CDS index, ac-
cording to the CIR++ or Extended Vasicek
model and the CIR model respectively;

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

• compute the corresponding paths for the
deposits’ interest rates and volumes, ac-
cording 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 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.
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Benchmark Metrics for
Profitability and Risk

Management

The approach we have sketched above, cal-
ibrated to historical systemic data, can be an
effective tool to analyse and benchmark, un-
der 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 de-
posits were a very cheap liability for a bank. In
many cases, the spread over the market short
term risk-free interest rate was negative, mean-
ing that the reinvestment of the volumes de-
posited by the bank’s customers earned a net
profit.

In the current economic environment, and af-
ter 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 in-
crease, 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.

In any case, 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 (EV) associated
to a given cluster: it provides the present value
of the NII, up the cut-off date, under the specific
assumption that all the 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).

Since we are not considering all the aspects
related to the liquidity management, which may
hinder or limit the simple rolling reinvestment,
nor the compliance with the regulatory liquid-
ity ratios, the EV should represent an upper
boundary of the expected NII originated by the
sight deposits. Moreover, we do not deal with

the volatility of the EV, 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 inter-
ests, satisfying the risk preferences of the bank
about the liquidity risk and the probability of a
liquidity shortage.

Nonetheless, we indirectly address the is-
sue 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 (Dur), the Weighted
Average Life (WAL) and the Term Structure of
Liquidity (TSL).

The Duration of the sight deposits is calcu-
lated according to the standard textbook defi-
nition: it provides the (expected) financial ma-
turity for each cluster of deposits, so that it
indicates how to build a counterbalancing port-
folio 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 vol-
umes 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 avail-
able 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 liq-
uidity management and for reinvestment pur-
poses.

For deposits with retail customers, it is inter-
esting 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 neg-
ative 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.

Economic Value

At time t = 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

EV(0, T) =
EQ

hR T
t0
D(t0, s)D(s)(R(s)� I(s))ds

i

D(t0)
(12)

where the dynamics for the interest rate Rs
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are taken under the risk neutral measure Q,
D(t0, s) = exp(�

R s
t0

rudu) represents the dis-
count factor up to time s and Ds is the value of
the deposit at time s. The EV is the expected
difference between the market interest rate, at
which deposits’ volume is reinvested, and the
interest rate paid on the deposits. This quan-
tity can be positive or negative depending on a
number of factors related to the Bank, markets
and behaviour of the depositors. The EV is ex-
pressed 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 (12) becomes:

EV(0, T) =

EQ
h
ÂI�1

i=0 D(t0, ti+1)D(ti)(R(ti)� I(ti))Dt
i

D(t0)
(13)

where Dt is the time-step chosen in the sim-
ulation (we have fixed Dt = 1/12) and ti is the
i-th month in the period of time [t0, tI ] = [0, T].
The discount factor is accordingly modified as
D(0, ti+1) = exp[�Âi

j=0 R(tj)Dt].
In a discrete setting, where equation (13) is

used to assess the value of the deposits, 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 pe-
riod. 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.

As mentioned above, we will not dwell in
the present analysis on how the liquidity man-
agement will affect the EV. For this reason, the
results we will show should be considered as
theoretical maximum values.

We will also calculate the EV 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 de-
posits built on predefined levels of percentiles
of the distribution obtained from the simula-
tion. Let us indicate with Da(ti) the amount of
the deposits at time ti, corresponding the the a
percentile of the distribution: the distribution
is ordered from lower to higher values, so that
at lower percentiles correspond lower deposits’

volume. The a-percentile EV is computed as:

EVa(0, T) =

EQ
h
ÂI�1

i=0 D(t0, ti+1)Da(ti)(R(ti)� I(ti))Dt
i

D(t0)
(14)

We stress that the difference between equa-
tions (13) and (14) lies in that in the latter the
amount of deposits at each ti, Da(ti), is a con-
stant. By means of (14), we are able to assess
how the deposits’ volume at stressed levels af-
fect the economic value.

Value of the Liability

A slightly different metric linked to the EV
is 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 vari-
ations of the deposited amount. Formally, the
value of the liability is defined as:

LV(0, t) =

EQ


ÂI�1
i=0 D(0, ti+1)[DD(ti+1)� I(ti)D(ti)Dt]

�

D(t0)
(15)

where DD(ti+1) is the variation of the value
of the deposit between time ti and ti+1 and the
expectation is still calculated under the risk neu-
tral measure Q. Equation shows which is 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 bench-
mark and for this reason we divide the present
value of future cash flows by the initial deposits’
amount D(t0).

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

The sight deposits can be seen as a floating
rate bond issued by the bank, with maturity set
at the chosen cut-off date T, and stochastic amor-
tisation schedule that, contrarily to the standard
bonds, can also increase, instead of just decreas-
ing, the starting notional amount. Besides, the
paid interest rate is indexed in a complex fash-
ion to the market interest rate and to the CDS
index, with a residual stochastic component.

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

LVa(0, T) =

EQ


ÂI�1
i=0 D(0, ti+1)[DDa(ti+1)� I(ti)Da(ti)Dt]

�

D(t0)
(16)

Floor Option on the Deposit Interest Rate

In most cases, banks are, explicitly or implic-
itly, selling a floor options at zero strike on the
deposit interest rate, at least for retail deposi-
tors. This means that it is crucial calculating
the value of this option, so as to more precisely
assess the profitability of the deposits. Addi-
tionally, even if the floor option is given for free
to depositors (as it often happens), so that cal-
culating 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 the value in the li-
ability in () twice, first without any constraint
on the levels of the deposit rates, then by im-
posing their minimum value at zero, and finally
calculating the difference. Formally we have:

Floor(0, T) = LV(0, T)� LVF(0, T) (17)

where

LVF(0, T) =

EQ


ÂI�1
i=0 D(0, ti+1)[DD(ti+1)� max[0, I(ti)]D(ti)Dt]

�

D(t0)

Since LV(0, T)  LVF(0, T) then Floor(0, T)  0,
meaning that the option is sold by the Bank and that
at best it can be worthless to the depositor.

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

Floora(0, T) = LVa(0, T)� LVF
a (0, T) (18)

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 defi-
nition of contract’s cash-flows weighted by the time

of their occurrence. Formally we have:

DurL =

EQ


ÂI�1
i=0 ti+1D(0, ti+1)[DD(ti+1)� I(ti)D(ti)Dt]

ÂI�1
i=0 D(0, ti+1)[DD(ti+1)� I(ti)D(ti)Dt]

�

(19)

where DD(ti+1) is the variation of the value of
the deposit between time ti and ti+1.

The interpretation of Dur 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.8 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 move-
ments.

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

DurL
a =

EQ


ÂI�1
i=0 ti+1D(0, ti+1)[DDa(ti+1)� I(ti)Da(ti)Dt]

ÂI�1
i=0 D(0, ti+1)[DDa(ti+1)� I(ti)Da(ti)Dt]

�

(20)

Notwithstanding the basic floating-rate-bond fea-
ture 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.

The Weighted Average Life

The WAL of the deposits is the average time until
each unit of currency in the initial deposit D(t0) is
withdrawn by the clients. Hence, in this way, we
calculate the average life of the money in the deposit.
The expected WAL is defined as:

WAL = �EQ


ÂI�1
i=0 ti+1[D(ti+1)� D(ti)]

D(t0)

�
. (21)

where the notation is the same as before.
The WAL corresponding to a-percentile of the

deposits’ volume distribution is defined as:

WALa = �


ÂI�1
i=0 ti+1[Da(ti+1)� Da(ti)]

D(t0)

�
. (22)

Liquidity Risk Management

Given a distribution of the future evolution of the
deposits’ volume, we can define the so called Term
Structure of Liquidity (TSLa) (see [6]): it is a time series

8Actually, the modified duration would be a more precise measure of the sensitivity.
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of the lowest volume of deposits, with a given confi-
dence level a, at any given time. To define the TSLa
we start with the concept of historical minimum of
deposits: on any given scenario we can evaluate the
quantity:

M(tI) = min
t0ttI

D(t) (23)

where D(t) is as usual the total volume of deposits.
This number is the lowest level of deposits’ volume
reached up to the time T, 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 a 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
TSLa:

TSLa(t) =
[M(t)]a
D(t0)

(24)

where M is the minimum as defined in (23), and the
expression [·]a indicates that equation (23) as been
computed by considering all the deposits volumes
taken at the a-percentile of the simulations. The min-
imum 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 TSL at a given percentile a, differs from the
a-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 TSL will never be above the
starting amount of deposits that the bank has on its
balance sheet.

For this reason, the TSL is crucial in defining the
bank’s investment policy of the deposits’ volumes:
TSLa(t) is the amount available, with probability
1 � a, for an investment maturing in t. In fact, even
if the sight deposits have an instantaneous contrac-
tual 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 TSL 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.

A Practical Application of the
Benchmark Metrics

We calculate the benchmark measures for each of
these metrics described in the previous section, for
both categories of debtors and all the deposit amount
clusters. We will show the expected value for each of
them, and the values they take at a 1% and 5% per-
centiles 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 pick-
ing the percentiles values of the specific distributions
of each metrics. We chose to have a common un-
derlying 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 7, 8, 9, 10, 11 present, for each cluster of depos-
itors, presents the economic value, the value of the
liability, the zero rate floor value, the Duration and
the Weighted Average Life; second, in Table 12 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 cor-
responding, respectively, to the expected value, the
5th percentile and 1st percentile of the distribution of
the deposit amount. Additionally, all the tables com-
pare the results obtained by modelling the interest
rates with a CIR ++ dynamics, with the results ob-
tained by modelling them with an extended Vasicek
dynamics.
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FIGURE 7: Economic value for clusters of depositors. Expected values, values corresponding to percentiles of the distribu-

tion of deposits’ volume and absolute volatility.

FIGURE 8: Value of the liability for clusters of depositors. Expected values, values corresponding to percentiles of the

distribution of deposits’ volume and absolute volatility.

Unsurprisingly, EV has a negative correla-
tion with the size of the deposits, both for the
NFC&PH and the CH,NSH&UI. The value of
the floor option is calculated only for the clus-
ters referring to CH,NSH&UI, since only for
them negative deposit rates are not applied by
banks. It can be noted that the value of this
optionality increases with the volume of the de-
posit; moreover, the model risk is quite large,
since the difference between the option valued
by using a CIR ++ model for rates is substan-
tially lower than that valued by using the Ex-
tended Vasicek.

The Duration and the WAL 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 pe-
riod (10 years in our case) for the smallest sizes.
The model risk is not relevant in this case, since
the results are similar either using a CIR + +

model for rates or the Extended Vasicek.
The deposit size has a positive correla-

tion with the amount potentially withdrawn
in stressed scenarios. The most sensitive clus-
ters are the NFC&PH more than 250.000 and
the CH,NSH&UI from 50.000 to 250.000 and
more than 250.000, while the smallest clusters
are almost insensitive. This can be explained
by the fact that deposits whose size is greater
than 100.000 Euros 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
the stressed scenario led to the default of the
bank.

Also for the TSL, the model risk associated
to the choice of the model used for the market
interest rates, is not relevant. The TSL for the
clusters of depositors is plotted in Appendix ,
for the expected, 5-th and 1-st percentile levels.
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FIGURE 9: 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.

FIGURE 10: Duration for clusters of depositors. Expected values, values corresponding to percentiles of the distribution of

deposits’ volume and absolute volatility.

Stress Test Analysis

The framework we have presented is flexible
enough for allow 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 [12] (the scenarios were the
same as in the BIS document [2]).

We will operate in the following scenarios
the same calculations we operated in the base
zero rate curve scenario (i.e.: that of the refer-
ence 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 [2].

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 a each of the four settings and
the average value taken the base rate setting.
The results are shown as a percentage of the
deposits’ volume at the reference date, and cal-
culated both with a CIR ++ and an Extended
Vasicek model.
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FIGURE 11: Weighted average life for clusters of depositors. Expected values, values corresponding to percentiles of the

distribution of deposits’ volume and absolute volatility.

Tables 13, 14, 15, 16, 17 present, for each clus-
ter of depositors, the results for the economic
value, the value of the liability, the zero rate
floor value, the Duration and the Weighted Av-

erage Life. Table 18 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.
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FIGURE 12: Term structure of liquidity for clusters of depositors. Expected value at different years and percentiles of the

distribution of deposits’ volume.
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FIGURE 13: 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.

FIGURE 14: 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.

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. UP and DOWN scenarios have a greater
impact than the STEEPENING AND FLATTEN-
ING scenarios for all clusters of depositors. It

is also worth noting that TSL is affected by the
scenarios, which confirms that the framework
can be consistently adopted to measure both the
interest rate and liquidity risk in a consistent
fashion.
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FIGURE 15: 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.

FIGURE 16: Duration for clusters of depositors. Differences between the value taken in the stressed scenario and the

average value taken in the base rate scenario.

FIGURE 17: 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.
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FIGURE 18: 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.
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Conclusion

We have presented a framework to create a
toolkit for Supervisors to benchmark the prof-
itability 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 mod-
elling, commonly adopted within banks, in
many respects: i) it allows for an integrated
modelling of the market interest rates, credit-
worthiness of the bank and evolution of the de-
posits’ 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 con-
sistent fashion; iv) it explicitly allows for nega-
tive interest rates, both at inception and in the
future; v) it allows for the evaluation of option-

alities 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 pub-
lic data for the Italian banking system, available
from Banca d’Italia. We also show how chang-
ing the underlying modelling assumptions for
the interest rate affect the benchmark metrics.

Notwithstanding the greater complexity
of the framework, the calibration of its build-
ing blocks is relatively straightforward when
operated by the BACE methodology. The in-
tegrated 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

Appendix

A Benchmark Framework for Non Maturing Deposits: An
Application to Public Data Available from Banca d’Italia

A. Zero Rate Curves

In Table 19 we show the zero rate curve

extracted from market quotes of Eonia swap
prices on the reference date 31/12/2016; the Ta-
ble shows also the curves used in the stressed
scenarios of the analysis of Section .

FIGURE 19: 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.
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B. Regressors Weights in the
BACE Methodology

The model posterior probability, used to
weight the coefficient of regressors in the BACE
procedure, is calculated for each possible regres-
sion equation as:

P(Mj|y) =
P(Mj)T�kj/2RSS

�Tj/2
j

ÂI
i=1 P(Mi)T�ki/2RSSi�Ti/2

where RSSj is the sum of square residuals, T
are the number of observation, kj is the num-
ber of regressors of the model j (identified as
Mj, from a total of I possible models), and y is
the vector of available data. P(Mj) is the prior
probability that we imposed to have a uniform

distribution:9

P(Mj) = k/K.

Using the posterior probability, the condi-
tional expected coefficient values for each re-
gressor can be calculated as:

E[b j|y] =
I

Â
i=1

P(Mi|y)bbi,j

where bbi,j is the coefficient estimates using the
OLS procedure in the model i for the regressor
j. The inclusion posterior probability is defined
as:

P(b j|y) =
M

Â
i=1

P(Mi|y)H1, H1 =

(
1, if b j 2 Mi

0, if b j /2 Mi

It provides the probability that a regressor en-
ters in the final model regression.

9This is a simple assumption that can be relaxed by assigning any other distribution form, if it is considered more
appropriate by the estimator.
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C. Regressors for Deposit
Rate and Volume

FIGURE 20: Regressors used for the deposit rate model and the expected sign they should have in each model equation.
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D. Details on the Calibration
of the CDS Index Dynamics

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

dSt = kS(qS � St)dt + sS
p

StdWS
t (25)

where kS, qS, sS > 0 and WS is the Wiener pro-
cess.

To ensure that St is always strictly positive
one needs to impose the Feller condition:

s2
S  2kSqS.

The simulation of the CIR process can be
done using a recursive discrete version of the
stochastic differential equation (25) with discre-
tised time steps ti:

S(ti) = kSqSDt+(1� kSDt)Sti�1 +sS

q
Sti�1 Dt e(ti)

with error terms e(ti) following a Gaussian dis-
tribution.

For CIR processes we have the following

exact conditional distribution:

f (S(ti)|Sti�1) = ce�u�v
⇣ v

u

⌘ q
2 Iq(2

p
uv)

where
c =

2kS

s2
S(1 � e�kSDt)

u = cSti e
�kSDt

v = cSti�1

q =
2kSqS

s2
S

� 1

with Iq the modified Bessel function of the first
kind of order q and Dt = ti � ti�1.

To calibrate this model we apply the maxi-
mum likelihood estimation with starting param-
eters equal to:

k(t0) = � log(b)
Dt

q(t0) = E(St)

s(t0) =
2bVaR(St)

q(t0)

where b is the coefficient obtained from a stan-
dard OLS estimation on our data.
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FIGURE 21: Regressors used for the deposit volume model and the expected sign they should have in each model equation.
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E. Regression Equations of
the Deposits’ Rate and Volume

Models

E.1 Deposit Interest Rates

Non financial corporations and producer
households, more than 250.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).

Issue n. 12 / 2018
37



Appendix

Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, from 50.000 to 250.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, from 10.000 to 50.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, up to 10.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, more than
250.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, from 50.000 to
250.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, from 10.000 to
50.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, up to 10.000
Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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E.2 Deposit Volume Non financial corporations and producer
households, more than 250.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, from 50.000 to 250.000 Euros
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Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, from 10.000 to 50.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Non financial corporations and producer
households, up to 10.000 Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.

62
www.iasonltd.com



Argo Magazine

Consumer households, NPIS serving house-
holds and unclassifiable units, more than
250.000 Euros
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Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, from 50.000 to
250.000 Euros
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Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical test

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, from 10.000 to
50.000 Euros
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Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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Consumer households, NPIS serving house-
holds and unclassifiable units, up to 10.000
Euros

Final regressors, regression coefficients, pos-
terior probabilities and statistical significance

(only final regressors with a posterior probabil-
ity greter than 0.0001% are shown).
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Statistical tests

(a) Posterior probabilities of all regressors. (b) Autocorrelation function of resid-

uals

(c) Histogram of residuals (d) Plot of actual and fitted values.
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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 38: Non financial corporations and producer households. Time series of the deposits’ interest rates: expected, 90-th

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

percentile and 10-th percentile levels.
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(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 40: 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.
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(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 41: Consumer households, NPIS serving households and unclassifiable units. Time series of the deposits’ interest

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

expected, 90-th percentile and 10-th percentile levels.
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(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 43: 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.
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The Effects of FRTB in the
CVA Risk Framework

aaaa

Gianbattista Aresi Luca Olivo

In the light of the recent publication of the finalised Basel 3 review by the Basel Committee on Banking
Supervision (BCBS), the authors analyse the effects of the incoming FRTB regulation on the CVA risk
framework. As explained in the article, the revision of regulatory CVA standards, started in 2015 with

consultative papers, has been finalised in December 2017 by the Basel Committee with the publication of
the new Basel 3 framework. The regulator is proposing a new sensitivity-based CVA risk charge with the
intention of being much more consistent with the FRTB standardised approach. The paper is also a chance for
the authors to explore the shortcomings and the challenges implied in the newly proposed CVA regulation,
especially with respect to the concurrent financial risk frameworks.

The Credit Value Adjustment (CVA) is the
adjustment to the fair value of deriva-
tive instruments in order to take into ac-

count the downgrade of the counterparty qual-
ity. The need of collecting capital also for CVA
purposes has been formalized by the Basel Com-
mittee on Banking Supervision (BCBS) only af-
ter the 2008 financial crisis, with the Basel 2.5
and Basel 3 regulations.

In particular, the Basel Committee started an
important review of the CVA risk framework in
2015 that has been finalised and formalised in
December 2017 with the new Basel 3 standards
(see [3]) and suggested a new approach for CVA
capital charge that is more consistent with the
revised approach for market risk (FRTB).

The paper is organized as follows: in the
first part we briefly describe the Basel 3 regula-
tion for CVA Capital Charge currently in use. In
the second part we introduce to the main steps
of the CVA risk revision performed by BCBS un-
til the formalization of the new standards in the
Basel 3 framework. In the third part we present
the new Basel 3 CVA risk in detail, focusing
on its comparison with the revised market risk
(FRTB) and its potential implications on the
banks risk frameworks; the final part is left for

conclusions.

This paper is the revised version of the one
published in July 2017: we have updated the ses-
sions on the basis of the new Basel 3 standards
publication (Dec. 2017) and all the comments
and suggestions we have received in the last 6
months. In order to avoid misunderstanding, in
the paper we refer to CVA meaning regulatory
CVA.

Current Basel 3 Framework
(2010)

With the introduction of Basel 3 at the end
of 2010 a bank is obliged to add capital charge
to cover the risk of mark-to-market losses in the
expected counterparty risk of OTC derivatives
(see [2]). Depending on the bank’s approved
method of calculating the capital charges for
CCR and specific interest rate risk (VaR), there
are two approaches for the CVA capital charge
computation (a syntethic picture is reported in
Figure 44).
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FIGURE 44: he table summarizes the current Basel 3 criteria to adopt the Advanced or the Standardised CVA capital

charge. For the Standardised, a single formula is given by the BCBS and it is reported above.

Advanced CVA

If the bank can use approved internal mod-
els for both CCR and VaR, the Advanced CVA
capital charge can be applied. It consists in
modelling the impacts due to the changes in the
credit spreads of counterparties of OTC deriva-
tives using the internal bank model for VaR
computation. If the bank is applying the full
repricing VaR model, then the CVA charge is ob-
tained through the following formula:

CVA = (LGDmkt) ·
T

Â
i=1

[A · B] (26)

where:
• LGDmkt is the loss given default of the

counterparty based on the spread of the
counterparty market instrument;

• A is the proxy of market implied proba-
bility of default (risk-neutral world); the
formulation provided by the BCBS is the
following:

A =

max


0; exp
✓
� si�1ti�1

LGDmkt

◆
� exp

✓
� siti

LGDmkt

◆�

with the credit spread of the counterparty si as
main driver;

• B is the regulatory expected exposure to the
counterparty EEi, given by:

B =


EEi�1Di�1 + EEiDi

2

�

with Di the default risk-free discount factor at
time ti.

The alternative to the full repricing is the VaR

model based on Credit Spread sensitivity. If the
banks is adopting bumps on specific tenors,
then the regulatory credit spread is given by:

CS01i = 0.0001 · ti · exp
✓
� siti

LGDmkt

◆
·

· EEi�1Di�1 � EEi+1Di+1
2

(27)

while if the bank is choosing for a parallel
shift the regulatory credit spread formulation
changes as follows:

CS01i = 0.0001 ·
T

Â
i=1


ti · exp

✓
� siti

LGDmkt

◆
+

� ti�1 · exp
✓
� si�1ti�1

LGDmkt

◆�
·

·


EEi�1Di�1 + EEiDi
2

�

(28)

As for the Market Risk in Basel 2.5, the total
CVA risk capital charge is given by the sum of
both general and specific credit spread risk, in-
cluding the stressed VaR charge and excluding
the IRC.

Standardised CVA

The Standardised CVA approach is used
when a bank does not have the approval for
the internal models on VaR, CCR or both of
them. In such a case the BCBS provides a single
formula to compute the portfolio CVA capital
charge. As it is possible to see in Figure 44, the
main drivers of the formula are

• h: the 1 year risk horizon;

• wi and wind: the weights applicable to a
10wi are taken from a table based on external ratings.
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counterparty i and to the related index
hedges ind10;

• EADtot
i : the exposure at default of the

counterparty i;

• Bi and Bind: the notional of purchased
single-name CDS hedges and of one or
more index CDS of purchased protection
respectively (used to hedge CVA risk in-
deed);

• Mi, Mhedge
i and Mind: the effective maturi-

ties of the transactions with counterparty
i, of the hedge instrument with notional Bi
and of the index hedge Bind respectively.

In both Advanced and Standardised CVA cap-
ital charge, only the eligible hedges used for
mitigating CVA risk can be included in the
charge computation (and excluded in the Mar-
ket Risk one): single-name CDS, contingent
single-name CDS, CRDI (with some restric-
tions), each equivalent hedging instrument
reflecting the counterparty directly.

CVA Review Proposals

Both Advanced and Standardised approaches
described above capture the variability of reg-
ulatory CVA depending only on credit spreads,
without considering the exposure variability
due to the daily changes of other (market) risk
factors: this is one of the most relevant draw-
back of the current CVA capital charge com-
putation and, as a consequence, one of the
main driver of the revision indeed. This section
briefly highlights the main steps of the review
process, starting from the first proposal in 2015
until the finalisation of the framework in the
recent Basel 3 formulation (December 2017).

2015: First Proposal

In the in the first consultative paper pub-
lished by BCBS in July 2015 [6] it is quite clear
the attempt of the regulator to increase conver-
gence between the CVA risk framework and
the revised market risk framework. The Basel
Committee explained the main rationales be-
hind this choice that we can briefly summarise
as follows:

• all the relevant risk factors (including the
market ones) need to be taken into account
for CVA capital charge purposes; the rele-
vance is given by the fact that movements
in such risk factors can affect the future
value of the exposures;

• the future exposure shall be computed
with a market implied calibration of the
parameters within a risk-neutral approach:
this way shall guarantee the calculation to
be compliant with the accounting princi-
ples;

• the reviewed approach has to be aligned
with the new market risk regulation
(FRTB): in particular for non-internal
model calculation there should be a more
risk-sensitive approach.

In the paper the BCBS suggested two differ-
ent frameworks in order to cover all the types
of banks:

1. FRTB-CVA framework: banks have to
meet several conditions in order to be al-
lowed to implement such an approach; it
entails two different method: the internal
model (IMA-CVA) and the standardised
model (SA-CVA).

2. Basic CVA framework: for all the banks
that cannot match the conditions for the
FRTB-CVA approach.

Focusing on SA-CVA described in the pa-
per, it is an adaptation of the FRTB Sensitivity-
based Method (FRTB-SBM) to the regulatory
CVA capital charge calculation. Indeed the only
differences we spot in SA-CVA with respect to
FRTB-SBM are:

• the reduction in granularity of market risk
factors for most cases;

• the absence of default risk and gamma
risk calculation;

• the creation of a specific risk class (counter-
party credit spreads) that inherits the buck-
eting features of CSR (non-securitisation);

• the use of a more conservative risk aggre-
gation;

• the use of a multiplier (mCVA).

Another important point that distinguish the
SA-CVA proposal to the FRTB-SBM is the fact

11for illiquid counterparties the Committee means those counterparties that do not have credit spreads traded in the market.
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that banks need to meet three main eligibility
criteria in order to be authorised to apply it,
even if it is a standardised method:

1. the ability to calculate CVA sensitivities;

2. a robust methodology to approximate the
credit spread for illiquid counterparties 11;

3. the existence of a dedicated CVA risk man-
agement function.

As in the FRTB-SBM the frequency of the
capital charge calculation in accordance with
the SA-CVA is at least monthly (and on de-
mand). The BCBS also defines the eligible hedges
for SA-CVA: only the transactions used for the
purpose of mitigating CVA risk can be consid-
ered as eligible. The instruments that cannot be
included in the FRTB-IMA cannot be eligible
for CVA hedging purposes (e.g. securitisation
products). The non-eligible CVA hedges will be
treated as trading book instruments and then
charged via FRTB rules.

2016: Constraints on the Internal Models

In March 2016 the BCBS issued a consul-
tative paper highlighting some constraints in
the use of internal model approaches for both
market and counterparty credit risks [9]. This
consultation involved also the revision of CVA
risk framework. In particular in the summary
of the proposal (paragraph 2.1 in [9]) the Com-
mittee clearly states:

«[...] Furthermore, in July 2015 the Committee
issued a consultative document on credit valuation
adjustment risk (CVA risk) that included three meth-
ods: the internal models approach (IMA-CVA), the
standardised approach (SA-CVA) and the basic ap-
proach (BA-CVA). The Committee has decided to
eliminate from the proposed framework the IMA-
CVA. The proposal for CVA risk continues to include
the SA-CVA and the BA-CVA. In finalising its re-
form agenda this year the Committee will consider
the calibration of these remaining approaches.»

Given the constraints on the use of internal
model approaches highlighted by BCBS in 2016,
all the efforts of the revision are focused now on
the SA-CVA, the most refined method a bank
can adopt to regulatory CVA capital charge
computation.

2017: Basel 3 Finalisation

In December 2017 the Basel Committee is-
sued the new Basel 3 standards [3], finalising
a series of post-crisis reforms announced in
201012. In a nutshell, the finalisation of Basel 3
regulatory framework by the Committee has the
main goals to restore credibility in the calcula-
tion of RWAs and to improve the comparability
of capital ratios among banks by:

• enhancing the robustness and risk sensi-
tivity of the standardised approaches for
market risk, credit risk and operational
risk;

• establishing some constraints on the use
of internal model approaches;

• complementing the risk-weighted capital
ratio with a finalised leverage ratio and a
robust capital floor.

In this context the finalisation of the CVA
risk framework is the confirmation of the propos-
als provided by the Committee in the previous
years and a confirmation of this regulatory im-
print. The implementation date of the revision
is set on January 1st, 2022.

In the following section we will deepen the
analysis of the new CVA risk framework with
particular attention on the analogies and the
divergences with respect to the revised market
risk framework.

2017 Basel 3: CVA Risk Framework

The Committee has revised the regulatory
CVA framework taking into account all the
drawbacks of the current approaches and con-
firming the convergence towards the standard
models for market and counterparty credit risks.
At high level the final revision moves in three
complementary directions:

1. Enhance risk sensitivity: the fact that
both the Advanced and Standardised meth-
ods for CVA capital charge calculations
do not cover the exposure component en-
tails a relevant shortcoming in the current
framework; the exposure component is re-
lated to the prices of the transactions in
the CVA capital charge application scope
and these prices move with respect to the
changes in underlying market risk factors;
the revised CVA framework takes into ac-
count the exposure component together

12practitioners and mass media are referring to the new standards also with the name of Basel 4.
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with its associated hedges, becoming more
sensitivity-based indeed.

2. Strengthen robustness: in line with the
2016 consultative paper [9], the revised
CVA framework removes the use of the in-
ternal model approach (IMA-CVA) and
paves the way for three alternatives in
CVA capital charge computation:

• the Standardised Approach (SA-
CVA);

• the Basic Approach (BA-CVA);

• a simple multiplier of CCR charge
in case the bank has an aggregated
notional amount of non-centrally
cleared derivatives less than or equal
to † 100 billions.

3. Improve consistency: both the SA-CVA
and Basic approaches have been designed
and calibrated to be consistent with the
revised market risk framework.

In what follows we analyse in details the two
approaches to calculate CVA capital charge and
the implications related to their implementation
in the banks risk framework. Before deepen-
ing in the analysis, we highlight some points of
attention that can be useful drivers:

• the convergence of new SA-CVA with the
FRTB-SBM and, more in general, towards
a more risk-sensitivity framework;

• the presence of eligibility criteria and su-
pervisory approval in order to apply the
SA-CVA;

• the establishment of a materiality thresh-
old that can allow banks to approximate
their CVA capital charge to their CCR cap-
ital charge.

With regard to all the details related to CVA
hedges and eligibility criteria we suggest to re-
fer to the BCBS paper [3] directly.

Standardised Approach for CVA: SA-CVA

General Principles

We can confirm that also this final version
of the SA-CVA is an adaptation of the FRTB-
SBM and a refinement of the 2015 first proposal.

Thus comparing this final SA-CVA to the FRTB-
SBM we can highlight once more the following
major differences:

• the reduction in granularity of market risk
factors for most cases;

• the creation of a specific risk class (counter-
party credit spreads) that inherits the buck-
eting features of CSR (non-securitisation);

• the absence of default risk and curvature
risk calculation;

• the use of a more conservative risk aggre-
gation and a multiplier (mCVA) to counter-
balance the absence of default and curva-
ture risks calculation;

• the need of supervisory approval to be
applied.

Differently from the 2015 proposal, the mini-
mum criteria for the SA-CVA eligibility are two:

1. the ability for the bank to model exposure
and calculate (at least monthly) CVA and
CVA sensitivities to the relevant market
risk factors;

2. the presence in the bank of a CVA desk
responsible for CVA risk management and
hedgining.

Of course regulatory CVA is the base for the
calculation of the CVA capital charge and such
a calculation must be performed by the bank for
each counterparty having at least one covered
position. A key point for supervisory approval
in the use of CVA-SA is the bank’s adherence
to the following principles:

• CVA must be calculated at counterparty
level as the expectation of future losses re-
sulting from the default of the counterparty
assuming the bank itself is default-free;

• CVA calculation must be based on at least
three fundamental inputs:

- the term structure of market-
implied PD that has to be estimated
from credit spreads observed in the
market13;

- the market-consensus ELGD that
has to be the same used for calculat-
ing risk-neutral default probabilities
from credit spreads14;

13the Committee is quite precise also in defining the requirements in case of illiquid counterparties.
14unless the bank is able to demonstrate that the seniority of the derivative exposure is different from the seniority of the

senior unsecured bonds.
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- the path of discounted future expo-
sure that has to be produced by pric-
ing all the derivative transactions re-
lated to the counterparty on simulated
paths of relevant market risk factors15;

• CVA calculation must be consistent with
Accounting CVA as well, in particular:

- the paths of discounted future expo-
sure has to be obtained via exposure
models used for calculating the ac-
counting CVA, adjusted to regulatory
requirements in case of needs;

- the model calibration process, mar-
ket and transaction data must be the
same as those used for accounting
purposes;

• the generation of market risk factor paths
(underlying the exposure models) shall
meet specific requirements indeed:

- drifts of risk factors must be consis-
tent with a risk-neutral probability mea-
sure;

- the volatilities and the correlations
of market risk factors must be cali-
brated to market data (if no sufficient
data exists in a given market, histori-
cal calibration is allowed);

- the distribution of modelled risk fac-
tors must account for the possible
non-normality of the exposure distri-
bution (e.g. "fat-tails");

• CVA calculation must take into consid-
eration the level of dependency between
exposure and counterparty credit quality;

• CVA calculation must take into account
mitigant effect deriving from margining
and collateral requirements.

Supervisory approval is also subject to:

• the appropriateness of bank methodology
in simulating all the relevant risk factors
across an adequate numbers of paths and
set of future time-points;

• the adequacy of risk management pro-
cesses in the control and governance of
CVA risk;

• the adequacy of IT infrastructure pro-
cesses in the market data management.

As in the first proposal, the BCBS also de-
fines the eligible hedges for SA-CVA: only the
transactions used for the purpose of mitigating
CVA risk can be considered as eligible. Eligi-
bility can be extended to hedges of both the
counterparty credit spread and the exposure
component of CVA risk. The instruments that
cannot be included in the FRTB-IMA cannot be
eligible for CVA hedging purposes (e.g. securi-
tisation products).

Calculations

Banks that are eligible to adopt the SA-CVA
must calculate the CVA capital charge at least
monthly and on demand (as in FRTB-SBM). The
SA-CVA uses as input the sensitivity of regula-
tory CVA to both counterparty credit spreads
and market risk factors underlying transac-
tions prices. Sensitivity computation must be
performed in accordance with the FRTB-SBM
standards indeed. In particular the main gen-
eral principles regarding the calculation and the
aggregation principles are reported below:

• six risk asset classes are identified as rel-
evant: Interest Rate (IR), Foreign Exchange
(FX), Counterparty Credit Spreads, Reference
Credit Spread16, Equity, Commodity;

• the overall CVA capital requirement is cal-
culated as the sum of the capital require-
ments for delta and vega risks calculated
for the entire CVA book (including also
eligible hedges);

• the capital requirement for delta risk is
given by the sum of the delta capital re-
quirements for all the six risk asset classes;

• the capital requirement for vega risk is
given by the sum of the vega capital re-
quirements for five risk asset classes (the
counterparty credit spreads are excluded
from vega sensitivity computation);

• the sensitivities are defined as the ratio
between the change of the quantity (due
to a change in the risk factor value) and
the size of the change; in line with FRTB-
SBM, the Committee provides specific def-
initions of buckets, risk factors, sensitivi-
ties, risk weights and correlations for each
risk asset class;

15to be discounted using risk-free interest rate curves.
16credit spreads that drive the exposure

Issue n. 12 / 2018
87



Trading Book

• despite shifts are defined in line with
FRTB-SBM, the Committee allows bank
to use smaller values of risk factors shifts
in case it is more consistent with internal
risk management calculations;

• regarding vega risk, volatility shifts must
be applied to both volatilities used for gen-
erating risk factor paths and volatilities
used for pricing options; CVA vega sensi-
tivities are considered always material by
the regulator and thus must be calculated
by the bank regardless the presence or not
of options in the portfolio;

• regarding the index hedging instruments, it
is mandatory the calculation of the sensi-
tivities to all risk factors upon which the
value of the index depends.

Within each risk type the bank has to com-
pute sensitivity of the aggregate CVA (sCVA

k ) and
the sensitivity of all eligible hedges in the CVA
book to each risk factor k (sHdg

k ). The proce-
dure is the same described in 2015 proposal and
completely consistent with the FRTB-SBM one
(with some differences in the final aggregation
formula). This procedure holds for both delta
and vega sensitivity.

For each risk factor k the net sensitivities
have to be weighted by the corresponding risk
weight RWk (given by the regulator as for FRTB-
SBM):

WSCVA
k = RWksCVA

k (29)

WSHdg
k = RWksHdg

k (30)

Then the net weighted sensitivity of the CVA
book to risk factor k is given by:

WSk = WSCVA
k + WSHdg

k (31)

The weighted sensitivities must be aggre-
gated into a capital charge Kb within each
bucket b following the Variance-Covariance ap-
proach that we have already seen in the FRTB-
SBM framework; the formula is slightly differ-
ent from the one presented in 2015 proposal,

with the presence of the R parameter only in
the second component of the equation and a
different formulation of this second component
itself:

Kb =
q
[C] + R ⇤ [D] (32)

where:

• R = 0.01 is the hedging disallowance para-
menter that prevents the possibility of per-
fect hedging of CVA risk;

• C is the component related to CVA sensi-
tivities and is defined as follows:

C = Â
k2b

WS2
k + Â

k2b
Â

l2b;l 6=k
rklWSkWSl

• D is the component related to eligible
hedges sensitivities and now is defined
as follows:

D = Â
k2b

(WSHdg
k )2

The last step is the aggregation of capital
charges across different buckets within each risk
type:

K = mCVA ⇤
s

Â
b

K2
b + Â

b
Â
c 6=b

gbcKbKc (33)

where the correlation parameters gbc applicable
across buckets are defined by the BCBS itself.
From equation (33) it is possible to notice the
presence of a specific multiplier for CVA (mCVA)
that is absent in the corresponding FRTB-SBM
formula: this multiplier had a default value of
1.5 in the first proposal, reduced to 1.25 in this
final one. However, the regulator can increase
this value in case the bank does not consider
the dependence between exposure and counter-
party credit quality in CVA calculations. The
presence of this multiplier is justified by the
need of the regulator to compensate the higher
level of model risk in SA-CVA with respect to
FRTB-SBM.
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FIGURE 45: As for FRTB-SBM, three main phases with related interventions can be identified in implementing the SA-CVA

in the bank risk framework.

Implications and Challenges

The first challenge a bank that want to adopt
the SA-CVA has to face is the supervisory ap-
proval. In order to get it, the bank must be
compliant with the eligibility criteria set by the
BCBS in [3] and this could entail not neglibile
implications in its risk framework.

The first criterion (i.e. the ability for the bank
to model exposure and calculate CVA and CVA sen-
sitivities to the relevant market risk factors at least
monthly) is for sure the most challenging and
has been influenced by the revised market risk
framework. Given the strong imprint of the
FRTB in the new CVA risk proposal, for our
analysis we adopt the same structure we ap-
plied in our previous article on the FRTB-SBM
[1]: for each phase (Identification, Calculation
and Aggregation) we will comment the impli-
cations and the challenges entailed by the new
CVA risk framework. A summary is presented
in Figure 45.

Risk Factors Identification and Classification

As for the Sensitivity-Based Method (SBM)
in the FRTB, the capital requirement is given
by the sum of the contributions from different
risk classes. In particular, for SA-CVA there
are six relevant risk types (versus seven risk
classes in the market risk framework): credit
spreads (counterparty and reference), interest

rate, foreign exchange, equity and commodity.
Banks that want to adopt the SA-CVA need to
consider two main kinds of intervention:

1. The identification of all the relevant risk
factors for the calculation. Despite it
seems quite easy by a financial point of
view, by a technical perspective this inter-
vention implies the ability of the bank to
properly associate for each financial trans-
actions the related risk factors; it has two
level of complexity:

- the ability of the bank risk framework
to associate to each derivative trans-
action the actual risk factors useful
for the calculation (ignoring all the
non-relevant ones);

- the ability of the bank risk framework
to maintain this association consis-
tently with the evolution of the port-
folio and the market data.

2. The proper classification of risk factors
in buckets. In this case, as for FRTB-SBM,
specific metadata need to be associated to
each risk factor for the proper classifica-
tion.

Here the main challenge for the bank is to im-
prove its data management system in order to:
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FIGURE 46: In the table above there is the comparison between the metadata/bucket structure defined for FRTB purposes

and the metadata/bucket structure for SA-CVA. In most of the risk classes the structure is identical. For the Interest Rate

risk the granularity of verteces by bucket is reduced. Regarding the Credit Spread Risk, the SA-CVA Counterparty and

Reference Credit Spreads have metadata/bucket structures comparable with the CRS (non-sec) in the FRTB-SBM (the only

difference is the number of buckets, reduced in both the SA-CVA risk classes).

• map the set of relevant risk factors with re-
spect to the actual CVA book: risk factor
mapping;

• identify all the inter-correlation among
market data to the proper definition of
risk factors within the engine: risk factor
hierarchy;

• handle enriched metadata and properly
associate them to risk factors: risk factor
classification.

Considering the fact that the implementa-
tion of FRTB is mandatory for all the banks, we
believe that strong synergies can be exploited
between the FRTB-SBM and the SA-CVA in

this phase. In Figure 46 we have summarised
the buckets by risk class for both CVA-SA and
FRTB-SBM: as it is possible to see, the CVA-SA
bucket structure is completely inherited by the
FRTB (even if simplified in some cases). We
believe that relevant synergies can be exploited
between the FRTB and the SA-CVA implemen-
tation: once the bank put in place a logic of risk
factor identification and metadata association
for the FRTB-SBM, the adaptation of this logic
to CVA risk framework is simplified. From this
perspective, the challenge of improving data
management implied in CVA-SA becomes not
critical for banks.

Sensitivity Calculations

Most of the calculation rules for SA-CVA are
inherited from the FRTB-SBM indeed. In these
two phases the main challenges for banks may
rise in shifting:

• from the current Advanced CVA to the SA-
CVA, if a CVA sensitivity engine is not in

place yet;

• from the current Standardised CVA to the SA-
CVA: despite we are talking about two
"standardised" approaches, the SA-CVA is
much more refined and implies an engine
able to capture sensitivities and aggregate
them with different logics; in this light we
can consider this challenge as the most
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relevant.

Delta and vega calculation procedures are
mainly replicating the FRTB-SBM ones: differ-
ently from the market risk regulation, the SA-
CVA does not require any curvature computa-
tion. If we start assessing the implications of
SA-CVA from this perspective, we can confirm
they are related to the sensitivity implementa-
tion in the FRTB framework and then foresee
two potential scenarios for calculation:

1. The bank is already able to calculate sen-
sitivities for its CVA book: in this case
the first criterion for SA-CVA eligibility is
met; if the engine needs just an adaptation
in the shifting application procedure, the
bank will not face big challenges in ex-
tending the FRTB-SBM logic also for CVA
framework; in this specific case we see rel-
evant synergies that can be exploited from
FRTB implementation, with the advantage
that no efforts for curvature calculation
are expected in the SA-CVA.

2. The bank is not able to calculate sensitivi-
ties for its CVA book positions: in this case
the bank is not matching with the first eli-
gibility criterion for supervisory approval;
despite formal criteria, the challenge intro-
duced by SA-CVA in this context is much
more relevant since the bank has to im-
plement from scratch (or at least strongly
enhance) the revaluation engine in order
to compute CVA sensitivities; some syn-
ergies can be exploited from FRTB-SBM
implementation indeed, but for sure the
additional effort to extend the logic to SA-
CVA becomes higher with respect to sce-
nario 1.

As general comment, the sensitivity calcu-
lations in SA-CVA poses a challenge to banks
in terms of computational performances: given
the calculation principles provided by BCBS to
get the supervisory approval, calculating the
CVA sensitivities to all relevant risk factors in
a proper way means to reiterate many times
CVA calculations under several sensitivity sce-
narios17. CVA risk calculations (considering
the main inputs provided by BCBS and related
methodologies) imply a more demanding ef-
fort in terms of computation with respect to
the market risk one: from this perspective the

SA-CVA can be considered more challenging
than the FRTB-SBM (and few synergies are
exploitable). One remark highlighted also by
Bonollo and Castagna [10] is related to the fact
that the Basel Committee is imposing specific
calculation methodologies for sensitivities: the
authors believe that simply bumping the risk
factors may not be the most effective way to
compute them, given also the fact that more so-
phisticated methods have been implemented by
some banks with good results. They suggested
to modify the proposal in order to allow banks
to be free to choose the preferred numerical cal-
culation method, with the Basel Committee that
should strictly prescrived only the functional
mathematical definiton of the indicator: in such
a way banks could select the optimal strategy to
calculate sensitivities and in most cases ease the
burden of calculation indeed. It is true that the
computational burden can be managed if the
frequency of regulatory reporting is monthly
(and on demand), but banks should evaluate
carefully such an effort since calculations may
require several reiteration before providing con-
sistent risk metrics.

Aggregation

The aggregation of sensitivities within a
bucket and across buckets is another crucial
point in FRTB implementation and this phase
may reveal challenges for banks in their ability
of data handling. The implications of SA-CVA
are not so different: banks that want to adopt
the new CVA framework can leverage on FRTB
implementation (paying attention on some dif-
ferences the SA-CVA entails with respect to
the FRTB-SBM). All the aggregation rules and
the correlation coefficients for SA-CVA are pro-
vided by BCBS and follow the FRTB-SBM logic.

To conclude, if we consider the first eligible
criterion defined by the BCBS indipendently
from the FRTB-SBM requirements, the chal-
lenges for banks that want to adopt SA-CVA
become relevant (in terms of risk factor identifi-
cation and classification, sensitivity calculation
and aggregation). If instead we assess the im-
plications of this criterion together with the
implementations entailed by FRTB-SBM, then

17just as example, think about the sensitivity calculation for an index hedging component: as stated by the BCBS, it is
mandatory the calculation of the sensitivities to all risk factors upon which the vaule of the index depends; it implies the
application of the shift of a risk factor k to all the index components that depends on this risk factor and the subsequent
recalculation of the index value. If the index is the S&P500, reiteration may become challenging.
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significant synergies can be identified and ex-
ploited by banks, especially in the data handling
and aggregation enhancements. It is quite clear
that a basic assumption for the supervisory
approval of SA-CVA application is the ability of
banks to rely on an adequate IT infrastracture
in order to manage metadata and to perform
calculation, aggregation and reporting of results
in the most compliant and efficient way.

Reduced FRTB-SBM and its implications on
SA-CVA

In June 2017 the BCBS issued a consulta-
tive paper on a simplified alternative to the
Standard Approach for market risk capital
requirements [8]. In such a document the
Committee presents a reduced version of the
sensitivity-based method (FRTB-RSBM) thought
to be more suitable in its implementation for
banks that maintain smaller or simplier trading
books. In particular the proposed FRTB-RSBM
is characterised by important simplifications
with respect to the FRTB-SBM, for instance:

• capital requirements for vega and curva-
ture risks are removed;

• basis risk calculation is simplified;

• risk factor granularity and correlation sce-
narios are reduced.

Banks need to fulfil a series of quantitative and
qualitative criteria described in [8] in order to
use the RSBM, even if the actual decision is
subject to supervisory approval and quarterly
assessment. Thus, for banks that will adopt the
FRTB-RSBM the standardised approach capital
requirement will be given by the sum of:

• the risk charges under RSBM;

• the default risk charge (DRC);

• the residual risk add-on (RRAO) 18.

Alternatively, banks can opt for a recalibrated
version of the Basel 2 standardised approach to
market risk.

The proposal of a simplified alternative to
the FRTB-SBM by the Basel Committee itself is a
clear sign of the complexity that the new market
risk standardised approach entails, especially to
small banks or banks with a low trading book
activity concentration. In a recent discussion
paper on the implementation of the revised mar-
ket risk framework in the European Union [11],
EBA claims its preference for the recalibrated
version of the current Basel 2 standardised ap-
proach in an attempt to minimise the burden
of implementation: for the European Banking
Authority there is no relevant difference in im-
plementing the FRTB-RSBM with respect to the
FRTB-SBM, since in both cases the implication is
to move towards a sensitivity-based approach.

18the DRC and the RRAO will remain the same presented by BCBS in [5]; the simplified alternative only involves the SBM.
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FIGURE 47: In the table above we add the metadata/bucket structure defined by BCBS in June 2017 for the FRTB-RSBM.

The simplified proposal can be compared to FRTB-SBM and SA-CVA in terms of metadata and generally it presents less

granularity in risk factors and a reduced bucket structure.

It seems that similar considerations has been
done also during CVA revision since a simpli-
fied alternative to both SA-CVA and Basic CVA
has been introduced in the new Basel 3 frame-
work. Following a principle of proportionality
the Basel Committee has established a material-
ity threshold19 not present in the 2015 proposal:
any bank whose aggregate notional amount of
non-centrally cleared derivatives is less than or
equal to † 100 billion may choose to set its CVA
capital charge equal to the 100% CCR capital
charge.

In the previous version of this article (July
2017) we suggested an alternative (and simplier)
option to SA-CVA (we called it reduced SA-CVA
or RSA-CVA to be in line with BCBS nomen-
clature) just to provide an idea of the potential
simplification effects of replicating the logic of
FRTB-RSBM on CVA:

• reduction of the complexity of bucketing
and risk factor granularity w.r.t. the SA-
CVA (refer to Figure 47 to have a synthetic
picture);

• reduction of the computational burden

since no vega sensitivity is needed (curva-
ture is already excluded from SA-CVA);

• introduction of an alternative solution also
to the Basic CVA; a small bank that can-
not match eligibility criteria for SA-CVA
may instead be suitable for RSA-CVA thus
avoiding the potential overestimation of
charges due to a more conservative CVA
basic approach.

In conclusion, the Basel Committee seems
fully aware of the implementation challenges
pose by the new market risk and CVA regula-
tory frameworks. The FRTB-RSBM proposed
in June 2017 is a clear intention to provide an
alternative solution to those banks with low
trading book activities, for which FRTB-SBM
implementation would entail levels of cost quite
disproportionate compared to the relevance of
their financial risks. For the CVA risk frame-
work the decision has been slightly different:
instead of proposing a simplified solution of
the SA-CVA, the Basel Committee establishes a
materiality thresholds below which banks can

19despite the threshold is well defined, the supervisory authority can decide to remove it if it determines that the CVA risk
resulting from derivative positions of the bank contributes in a significant way to the overall risk.
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adopt an approximated solution for CVA capi-
tal charge computation (with substantially no
implementation effort).

Other implications of SA-CVA

Challenges for banks that want to adopt the
SA-CVA may rise also from the other eligibility
criteria and principles.

In particular, a bank should be able to es-
timate the credit spreads of illiquid counter-
parties from the quoted credit spreads of its
peers using an algorithm that should have at
least three variables of measuring: rating, in-
dustry and region. These metadata can be re-
trieved from Front Office systems or market
data providers and are useful also for the sen-
sitivity computation and aggregation phase. In
case neither historical series of credit spreads
from peers are available, then a bank may face
a real challenge: the regulator allows the bank
to use a robust methodology based on a more
fundamental analysis of credit risk in order to
find a proxy for illiquid counterparties spreads;
the assessment cannot be based on historical PD
only, but it has to be related to credit markets
as well. In certain cases (not really specified
by the Committee) the mapping of an illiquid
counterparty to a single liquid reference name is
allowed: this solution surely reduces the impli-
cation of this criterion but the bank that wants
to adopt this work-around must justify each
single mapping to supervisory authority.

Finally, the BCBS is quite clear in stating that
sensitivities that are not used by the bank in its
risk management process cannot be considered
as reliable. Then in order to adopt the SA-CVA
the bank must have also a CVA desk (or a
function similar to that) for risk management
purposes. Despite this is probably the less chal-
lenging implication, it implies additional costs
for the bank in case no CVA desk is currently
in place.

Basic Approach for CVA: BA-CVA

Banks that won’t match the eligibility crite-
ria discussed above and won’t be allowed by
supervisor authority to use the SA-CVA will
fall-back on the basic CVA approach. The BA-
CVA calculations can be performed in two ways:

1. via full version, that recognises counter-
party spread hedges and is intended for

banks to hedge CVA risk;

2. via reduced version, that is obtained from
the full version with the elimination of
hedging recognition.

The reduced version is thought for less sophis-
ticated banks in order to further reduce the
burden of implementation.

Various input are needed for the BA-CVA
calculation:

• RWc is the risk weight for counterparty
c that reflects the volatility of its credit
spreads; all risk weights values are given
by the regulator on the basis of counter-
party sector and credit quality;

• RWh is the risk weight of single name
hedge h that reflects the volatility of the
credit spread of the reference name of the
hedging instrument; all risk weights val-
ues are given by the regulator on the basis
of counterparty sector and credit quality;

• RWi is the risk weight of index hedge i; all
risk weights values are given by the reg-
ulator on the basis of counterparty sector
and credit quality;

• EADNS is the exposure at default of net-
ting set NS obtained according to Basel
3 framework and used for default capital
calculations of CCR;

• MNS is the effective maturity for netting
set NS;

• DFNS is the supervisory discount factor;

• a is the multiplier used to covert EEPE to
EAD20;

• r is the supervisory correlation parameter
equal to 0.5;

• b is the supervisory parameter used to
provide a floor that limits the extent to
which hedging can reduce CVA capital
charge; it is equal to 0.25;

• BSN
h is the notional of single-name hedge

h;

• Bind
i is the notional of index hedge i;

• DFSN
h is the supervisory discount factor

to be applied on BSN
h ;

• DFind
i is the supervisory discount factor

to be applied on Bind
i ;

20the value of a under the SA-CCR is 1.4.
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• MSN
h is the remaining maturity of single-

name hedge h;

• Mind
i is the remaining maturity of index

hedge i;

• rhc is the supervisory prescribed correla-
tion between the credit spread of counter-
party c and the credit spread of a single-
name hedge h of counterparty c.

Reduced version of BA-CVA

The CVA capital charge under the reduced
version of the BA-CVA is calculated by sum-
ming:

Kreduced =
r
(r Â

c
SCVAc)2 + (1 + r2)Â

c
SCVA2

c

(34)
where:

• SCVA is the CVA capital requirement that
counterparty c would receive if consid-
ered on a stand-alone basis and it is given
by:

SCVAc =
1
a

RWc Â
c
(MNSEADNSDFNS)

(35)

• the first term under the square root in
equation (34) aggregates the systematic
components of CVA risk;

• the second term under the square root in
equation (34) aggregates the idiosyncratic
components of CVA risk;

Full version of BA-CVA

The full version of BA-CVA implies the calcu-
lation of Kreduced as well and can be summarised
as follows:

K f ull =reduced +(1 � b)Khedged (36)

where:
• Kreduced is calculated as in equation (34)

• Khedged represents the part of capital re-
quirements that recognizes eligigle hedges

and is calculated as follows:

Khedged =

((r Â

c
(SCVAc � SNHc)� IH)2+

(1 + r2)Â
c
(SCVAc � SNHc)

2 + Â
c

HMAc

�1/2

(37)

Regarding equation (37):

• ((r Âc(SCVAc � SNHc) � IH)2 aggre-
gates the systematic components of CVA
risk;

• (1 + r2)Âc(SCVAc � SNHc)2 aggregates
the idyosincratic components of CVA risk;

• SNHc is a parameter to recognise CVA
risk reduction related to the use of single-
name hedges and it is calculated as
SNHc = Âh2c rhcRWh MSN

h BSN
h DFSN

h ;

• IH is a parameter to recognise the CVA
risk reduction related to the use of in-
dex hedges and it is calculated as IHc =
Âi RWi Mind

i Bind
i DFind

i ;

• HMAc aggregates the component of indi-
rect hedges and it is calculated as HMAc =
Âh2c(1 � r2

hc)(RWh MSN
h BSN

h DFSN
h )2.

The BA-CVA has been refined with respect
to the proposal presented in July 2015, even
if it maintains the original logic of calculation
and aggregation. We believe there are no rel-
evant implications for a bank in shifting from
the current standardised CVA to the proposed
basic CVA approach. In both cases the formu-
lae are given by the regulator and it is just a
matter of properly put the input for the cal-
culation. For sure the ner BA-CVA approach
is more refined than the current standardised
approach in terms of risk component calcula-
tion (i.e. systematic + indiosyncratic + indirect
hedges) and the RWs are not based on exter-
nal ratings anymore, but provided directly by
the regulators on the basis of specific metadata
(i.e. risk buckets are defined by credit quality
and industrial sector, similarly to what happens
for FRTB-SBM); although this, we don’t see any
particular difficulty for banks in applying the
basic formulation proposed by the Committee.
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FIGURE 48: The table provides a snapshot of the differences between the current and the revised Basel 3 CVA risk frame-

work. In the last column a synthesis of the challenges the new regulatory standards may entail until the implementation

date January 1st, 2022.

Conclusions

In Figure 48 we have summarised the main
differences between the current and the revised
CVA risk framework presented by the BCBS
in [3]. Challenges and implications in shift-
ing from the current Basel 3 to the SA-CVA
are strictly related to the FRTB-SBM implemen-
tation: metadata and bucket association, data
handling improvement, sensitivity computation
and aggregation are for sure the most urgent
topics that banks should face in order to adapt
their frameworks to the new rules set by the
Committee.

The fact that the Basel Committee has fi-
nalised the CVA risk framework in December
2017 would allow banks to perform a more pre-
cise assessment on the costs of implementation,

that has to be ready by January 1st, 2022. Apart
from the implications described in the paper, we
highlighted also the chance for banks to lever-
age on several synergies coming from the FRTB
implementation in the enhancement of CVA risk
framework. Banks should evaluate and assess
the costs of implementation carefully since there
is a clear tendency started by regulators to stan-
dardised capital requirements in order to im-
prove comparability among banks, and to make
the computation much more sensitivity-based
with respect to the current framework.

Moreover, the finalization of CVA risk re-
view will allow also the finalization of other
draft guidelines on CVA (such as the EBA
guidelines on the treatment of CVA risk under
SREP21).

21EBA issued instructions for 2016 CVA risk monitoring exercise [12] on June 21st, 2017; in the introduction of this
document it has been argued that EBA will follow carefully BCBS review on CVA risk standards in order to enhance
guidelines to get more consistent and appropriate risk-based supervisory measures.
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