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How to manage IRRBB considering the monetary
policy and the new regulation?

Abstract
The past few years have seen central banks use unconventional tools to
stimulate an economy that has kept on struggling since the 2008 crisis. In
order to avoid deflation and other economic turmoil, the FED launched a
massive bond-buying program called the Quantitative Easing (QE). After
the American “experiment”, the ECB launched a similar program early
march 2015 as an emergency stimulus to a weakened economy. Such
unconventional monetary policy has an impact on interest rates, and
therefore, requires a closer monitoring of the Interest Rate Risk in the
Banking Book (IRRBB). In such a context, this white paper focuses on
understanding how current market conditions (low interest rates) can affect
banks’ revenues and profitability while discussing and analyzing the
impacts of any changes of the term structure of yield curves on the Net
Interest Income. Additionally, as regulators are taking a closer look on how
to capture (and cover) the IRRBB, this white paper provides a
methodology for measuring the IRRBB and analyzes, via simulations on a
real portfolio, the impacts of interest rate moves on the Economic Value
of Equity and the Earnings at Risk.

Key words: Interest Rate Risk in the Banking Book, Quantitative Easing, Monetary Policy,
Economic Value of Equity (EVE), Earnings at Risk (EAR)
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1. Introduction
The past three years have seen central banks use massive bond-buying programs as an
emergency stimulus to the economy. These unconventional (and somehow controversial) tools
had a direct impact on the term structure of the yield curve. Consequently, interest rates fell
drastically leading borrowing costs to touch all-time low across different jurisdictions. Inspired
by the FED, the ECB launched a similar exercise in March 2015 which had similar effects on
interest rates.
Today, many economists, influencers and market participants raise a lot of questions on
the consequences of a prolonged period of low interest rates and what could happen after rates
rise. As a matter of fact, in the US, the FED announced late 2014 that it will ease-off its
Quantitative Easing program. However, the FED is still on a “wait-and-see” mode as it hasn’t
yet made any announcement to hike interest rates. In fact, rising interest rates would have an
impact on banks’ revenue as well as on the value of assets and liabilities. Such a scenario, if not
well understood and controlled, could lead to devastating consequences. As a matter of fact, an
interest rate spike was one of a major factors of the Saving & Loans crisis in the 1980s.
Therefore, the main question is: “Are banks ready for a return to a normal environment?”
This context has led regulators to focus more closely on the Interest Rate Risk in the
Banking Book. In fact, within the Basel II/Basel III framework, the IRRBB is covered under
the pillar II. Banks are required to maintain a system in order to manage the IRRBB. Currently,
BCBS is looking into a potential pillar I capital charge to cover the IRRBB which shows the
interest in understanding and covering this type of risk and particularly in such a context. As a
matter of fact, a consultative document has been issued on June 2015 discussing different
options to manage the IRRBB (pillar I capital charge vs an enhanced pillar II approach).
The purpose of this paper is to provide a better understanding of how the interest rate’s moves
and shifts impact banks’ balance sheets and revenues. Its intent is to discuss how to measure
the IRRBB and quantify its impact, whilst considering the latest BCBS orientations (as per the
Consultative paper of June 2015). To do that, a methodology has been developed to measure
and capture the IRRBB using metrics such as the Economic Value of Equity and the Earning at
Risk. Simulations have been performed on a real bank’s balance sheet taking into consideration
the characteristics of that bank (business model, behavioral models, etc.). Finally, considering
current market conditions, the objective of this paper is to analyse why the IRRBB is to become
a major topic in the coming months.
First, a closer look on current unconventional monetary policy is discussed. The rationale
behind the Quantitative Easing is briefly presented in order to show why such measures have
to be put in place by regulators. More importantly, the consequences of such programs are the
focus of this part and are described into three main areas: QE & Volatility, QE & Asset
Correlation and QE & Interest Rates.
Second, a detailed analysis on the trends and dynamics of the Net Interest Income in comparison
to the evolution of interest rates is presented. More precisely, understanding how the Net
Interest Income (NII) evolves when the term structure of the yield curve is changed is the main
focus of this second part. Consequently, the drivers that impact the NII (even in times of
distress) are captured and presented allowing for a better anticipation of how the NII will evolve
once the current market conditions will change (increase in interest rates, increase in volatility
of interest rates, etc.).

6
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Third, a study is conducted on a real bank’s balance sheet with the intent to implement an
Economic Value of Equity model and an Earnings at Risk model. The purpose is to build a
framework to measure the IRRBB while taking into account some guidelines as per the latest
consultative paper of the BCBS on the topic. The final goal is to provide some insights on what
would be a good measure for the IRRBB: the one based on the market value of assets and
liabilities or the one based on revenues, or a combination of the two.

7
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2. Quantitative Easing and the impacts on the overall economy
Over the past few years, and following a major economic downturn, the monetary policy has
seen the use of some unconventional tools to stimulate the economy. Central banks across the
US, Europe and Asia have been relying on the Quantitative Easing with the intent to spur
economic growth, avoid deflation and relaunch the overall economy. If the mechanisms of QE
are well known, its effects on the medium term need to be analyzed as they could have a direct
impact on banks’ balance sheets and revenues on one side and on investors on the other.

2.1. How does the Quantitative Easing program work?
Across jurisdictions, central banks might have different roles to play. However, one of the
common goals is inflation targeting. In fact, when the economy is strong, central banks tend to
higher short term interest rates in order to keep inflation under control. Conversely, when the
economy is weak, central banks tend to lower short term interest rates, therefore reducing
banks’ funding costs and encouraging loans origination. Since the 2008 financial crisis, and the
economic downturn that followed, central banks tried to stimulate the economy via
conventional tools such as lowering short-term interest rates.
EU Inflation Rate vs ECB Main Refinancing Operations – Q4 1998 to Q1 2015
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Despite lowering short-term interest rates, the inflation rate stayed low and the economic
recovery remained fragile. As short-term interest rates reached near-zero levels, central banks
went on experimenting other tools, though less traditional, in order to lower long-term interest
rates. They relied on the Quantitative Easing as a monetary stimulus to impact the term structure
of yield curves.
Quantitative Easing refers to Large-Scale Asset Purchase program where long term government
bonds are bought, at a massive scale, by central banks. This mechanism allows to inject money
in the economy with the purpose of increasing private sector spending, sustaining growth and
targeting inflation to levels set by central banks. The stimulus to the economy comes via
different channels (in theory at least) and its effects come from different angles.
The mechanism for funds transfer depends on who is selling the assets to the Central Bank. The
seller could be a non-bank entity, generally pension funds, insurance company, firms, etc…).
Central banks could also buy government bonds directly from banks. In the latter case, the
8
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mechanism for money injection is relatively straightforward. However, when the seller is a nonbank, the mechanism is more complex and its effects are different. The graph below shows how
funds are transferred in case of non-bank seller:

In step 1, the central bank buys the asset from the seller. The money is transferred to the bank
account of the seller via step 2 and step 3. In step 2, the central bank increases the seller’s bank
reserve account which in turn credits the account of the seller (in step 3). Consequently, at the
end of the operation, the seller’s bank holds an asset (reflecting the increase in the central bank
reserves) and a liability (reflecting the money transfer to the seller or an increase in the seller’s
deposits). This means that this mechanism will simultaneously increase central bank money
(via central bank reserves) and the amount of commercial deposits. Technically, only the latter
could be injected in the real economy via loan origination or via an increase in the private sector
spending.
There are multiple channels through which the electronic money generated through QE is
injected in the real economy.
First, as central banks buy massive quantity of bonds, their prices will automatically increase
through supply and demand. The increase in asset prices will contribute to reducing the yield
of these assets (as per the inverse relationship between prices and yield). As these assets are
generally long term debts, the long term yield will be dragged down. The term structure of the
yield curve is therefore modified generating a modification in the behavior of consumers and
firms in the private sector. This modification comes into two ways:
-

On the one hand, as interest rates decrease, the borrowing costs decrease as well,
encouraging households and firms for more investments and spending in the real
economy;

-

On the other hand, the “wealth effect” should as well impact the behavior of households
and firms. In fact, as interest rates decrease, the value of fixed income assets increase.
As a result, individuals holding such assets will benefit from this wealth effect. Thus,
non-debt instruments (such as equity and stock) will increase in value as well. In fact,
investors looking for higher yields will turn to such instruments as bonds’ yields are
low.
9
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Second, financial institutions should also benefit from QE. As explained earlier, financial
institutions will see their commercial deposits increase. This new funding source (which,
depending on the type of the counterparty, is considered to be more or less stable under the
Liquidity Coverage Ratio framework) should lead to a higher lending capacity. More lending
means more investments in the real economy through mortgage loans, consumer loans, etc.
Central banks reserve increase as well giving the ability for banks to hold more high liquid
assets which would serve for respecting regulatory constraints (liquidity buffer for the LCR)
and business related concerns (allows banks to pay for their debts).
Third, an aggressive monetary policy to fight deflation and to target inflation is a sign for
financial markets that central banks will do whatever it takes to reach that target. This means
that a long period of low interest rates is to be expected and that the stimulus will remain as
long as it takes to boost the economy, increasing the level of confidence overall.
The impacts of the QE are discussed into more details in the following paragraphs.

2.2. Quantitative Easing and asset correlation
One of the beneficial effect of QE is the wealth effect where asset value increase with
decreasing yields. Not only does the debt instruments value increases but the equity and stock
increase as well. In fact, as the term structure of the yield curve changes with the QE, investors
looking for higher yields would turn to stock markets. This portfolio rebalancing effect leads
the stock value to increase.

In the US, the QE periods are associated with an increase in stock markets levels. After three
QE programs, stock markets hit all-time highs. In France, the same phenomenon is observed
on the CAC40 index:

10
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The CAC 40 index increased significantly since the hints and announcements on the ECB’s
QE. The peaks of the index around the 20th of April are associated with the lowest levels of
Eurobond yield curve on the period (on the 20th of April the 30-year maturity spot rate was at
0.52%). From early May 2015, a downward trend is observable on the CAC 40. This is due to
technical stock-market correction, to the uncertainty on the Greek crisis and on speculations
around the normalization of the monetary policy in the US (hikes in interest rates).
QE is then associated in a decrease of yields on bonds and an increase of the stock-market.
Currently, multiple discussions in the US are being held about the impact of normalizing the
monetary policy. One major concern is the stock-market crash following a hike in interest rates.
If the stimulus has a positive point-in-time impact on the economy, it is still considered
controversial because of its unpredictable impacts once stopped (other aspects of QE are being
considered as controversial, such as increasing inequality, etc…).

2.3. Quantitative Easing, interest rates and financial institutions
As discussed earlier, the QE has a direct impact on interest rates. Traditional monetary policy
focuses on short term interest rates to drive inflation. However, sometimes, inflation and growth
do not always respond accordingly. As a result, central banks try to lower long term interest
rates via unconventional tools such as QE:

11
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Lowering interest rates is not always beneficial for financial institutions as it increases the
Interest Rate Risk in the Banking Book. In fact, the maturity mismatch between assets and
liabilities, coupled with mismatches in interest-related instruments (floating vs fixed interest
rate instruments) make banks vulnerable to changes in interest rates. More importantly, the
IRRBB is to be monitored closely, especially in such a context where interest rates will remain
low on a prolonged period for two main reasons:
-

First, low yield long term assets will be originated (such as mortgage loans) and
distributed by banks refinanced by shorter maturity liabilities. When interest rates rise,
liabilities are impacted more quickly than assets due to the maturity mismatch which
mechanically impacts the net interest income of financial institutions. The economic
value of assets and liabilities is impacted as well;

-

Second, banks’ funding are, in general, floating rate instruments whereas assets could
be either fixed or floating rate instruments depending on the jurisdiction. In fact, in
France, loans are set witha fixed rate (or floating rate with a cap) meaning that banks
are exposed to interest rate risk. In other European countries (such as Spain) or the US,
loans are set with a floating rate, meaning that the client assumes the interest rate risk.
When interest rates rise, floating instruments are repriced with the floating rate index
whereas fixed rate instruments remain as is. This is another major source of interest
rates.

Consequently, current market conditions could have a beneficial point-in-time effect but QE
increases the uncertainty on financial institutions in the medium term because of increasing the
IRRBB when the stimulus stops and interest rates hike.

2.4. Quantitative Easing and volatility
Another aspect of QE is the increasing volatility in the term structure of yield curves. Over the
past few months, yield curves in Europe have been subject to changes downwards and upwards.
12
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Some argue that volatility is not a feature of QE but rather a bug. Nonetheless, more volatility
on interest rates are to be expected as mentioned by Mario Draghi early June in his statement:
“certainly one lesson is that we should get used to periods of higher volatility”. This volatility
gives more sense to an IRRBB framework as it is designed to be “also reflective of measures
of global interest rate volatility.”

2.5. Context and purpose of the white paper
In times where Central banks have had pro-growth policies, pushing rates to record low, interest
rate risk in the banking book has increased and fears have been expressed about what would
happen when interest rate rise and if banks are ready for such hikes after a prolonged period of
low interest rates.
In this context, the purpose of this white paper is to discuss how interest rates affect the net
interest income and therefore banks’ revenues. In fact, as a big part of banks’ revenues comes
from interest rate activities, an analysis has been performed on historical data in order to
understand how changes on the term structure of the yield curve affect net interest income.
More importantly, the rationale behind this analysis is to provide a brief analysis on how net
interest income would evolve knowing current market conditions. In other words, as rates have
hit all-time low, how would the NII react once interest rates would rise?
Besides, measuring the IRRBB is another topic of this paper. In fact, as discussions are ongoing on how to measure the IRRBB and cover it (pillar I capital charge or not), a study has
been performed in order to measure the IRRBB, the main purpose being to build models in
order to project the IRRBB indicators and, based on different scenarios measure, the impact on
the Economic Value of Equity and the Earnings at Risk.

13
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3. Trends and dynamics of the Net Interest Margin
The purpose of this section is to provide an analysis on the trends and dynamics of the Net
Interest Margin. In fact, these trends are, in part at least, dictated by changes in interest rates
and the yield curve. This sectionfocuses on how the changes in the term structure of the yield
curve influence the net interest margin. Based on that relationship, the main objective is to
anticipate how banks’ revenues could be impacted considering the exceptionally low levels of
interest rates and how the net interest income could evolve if interest rates rise.

3.1. Historical evolution of Net Interest Margin in the US
The first step of the analysis is to understand the historical evolution of the net interest margin
(NIM). Because of data availability, the analysis has been performed on the US as the Federal
Reserve provides the evolution of the NIM for all US Banks.
In this dataset, the Net Interest Margin is computed as the following ratio:
 

    

   
   

 

  ∗  

For more information on how the series is computed, please refer to the Federal Reserve
Economic Research data sets.
The historical evolution of Net Interest Margin in the US, for all banks, is shown below:

Over the long run, US NIM is being compressed with a decrease trend that has started since the
early 90’s. Margin compressions could be partly explained by changes in the structure of the
balance sheets. In fact, financial institutions have been subject to multiple regulations that led
to major changes in the structure and the composition of the balance sheet. Part of these changes
can be explained by the Liquidity Coverage Ratio and the Net Stable Funding Ratio whereas
banks are required to hold more liquid assets (bearing lower yields) and constitute pools of
liabilities that are considered as a more stable funding (bearing higher funding costs). Plus,
banks have led multiple deleveraging programs and asset swaps in order to clean the balance
14
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sheet. From a risk management point of view, this was definitely necessary but it contributed
in compressing the NIM.
Another important aspect is each US recession has been followed by a period of NIM volatility
where the NIM increased significantly shortly after the crisis and then decreased afterwards.
This phenomenon could be explained by the evolution of interest rates and the yield curve in
the following section

3.2. How changes in interest rates explain the evolution of the Net Interest
Margin?
3.2.1. Historical evolution of the US NIM in comparison to short and long term rates

The purpose of this paragraph is to observe how the US NIM reacts when changes in short and
long term interest rates occur. For that matter, the historical evolution of short term interest
rates (US 3-month Libor) and long term interest rates (10-year T-bills) have been analyzed.

As the graph above shows, the trend of the 10 year T-bill rate is decreasing since the late 80’s.
In a similar way, the long term trend of the Net Interest Margin is decreasing as well. Based on
these observations, it seems that long-term rates and the long term trend of the NIM are indeed
correlated.
The relationship between the NIM and short-term rates is less straightforward. Even though
short-term rates are decreasing, the curve shows a higher volatility that of long-term rates, with
brutal downward and upward shifts. This pattern is interesting since it can hint a link with the
evolution of NIM. For that matter, and by looking at the shaded area, the spread between shortterm and long-term rates presents interesting features: higher level of spreads are associated
with peaks in the NIM series.

15
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As the graph above shows, the patterns in the spread (described by a hump shape) are associated
with similar patterns in the NIM series in the same time window. Based on these observations,
the short-term volatility of the NIM (described by the hump shapes) could be explained by the
variation in the spread.
Therefore, the technical analysis leads to establishing a relationship between the evolution of
the NIM and the evolution of both short-term and long-term rates. The long-term trend of the
NIM could be explained by long-term rates whereas, short-term volatility of the NIM could be
explained by changes in the spread between short-term and long-term rates.
In fact, there is an economic rationale behind these observations. Banks originate long-term
loans funded by shorter maturity funding. This maturity transformation is one of the first
contributors to banks’ revenues and hence the NIM. When long term rates decrease, revenues
related to loans (such as mortgage loans) decrease which in turn impacts the NIM on the long
run. The responsiveness of the NIM to changes in long term interest rates could be higher in
the US then France for instance because of differences in business models. In the US, loans are
originated at a floating rate whereas in France, in general, loans are originated at a fixed rate
(floating rate loans are also applied at origination but they are generally associated with options
that cap the levels of rates). Floating rates reflect, at the repricing date, the changes in interest
rates whereas for fixed rate loans, changes are captured on the new production only (the stock
left as is). Consequently, as long-term interest rates decrease on the long-run, the long term
trend of the NIM follows a similar pattern.
When the spread between short-term and long-term rates increases, the yield curve steepens.
As a result, the difference between revenues generated on the interest-bearing assets and cost
of funding (for interest-bearing liabilities) increases positively, which generates a positive effect
on the NIM. As the spread increases (generally explained by a decrease in short term rates rather
an increase in long-term rates as shown by the time series), the cost of funding decreases in
comparison to revenues generated by assets, leading to an increase in the margin, and therefore
the NIM. Consequently, the “short-term” volatility (described by the humps) of the NIM could
be explained by the spread.
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3.2.2. Modelling the relationship between NIM and interest rates

The purpose of this sectionis to build a model that explains the relationship between NIM and
short-term and long-term rates. Prior to that, some interesting features have been identified and
are worth mentioning. It seems that a linear relationship might exist between NIM and long
term interest rates:

As the graph above shows, NIM and long term rates are linked linearly. As discussed earlier,
the trend of the NIM is explained by long term interest rates. Mathematically, this can be written
as follow:

∝.  !  " !


Where NIM refers to Net Interest Margin, LT to long-term rates, α is a constant and " is a white
noise. The white noise is a reflection of the error term, meaning that the relationship between
NIM and LT is imperfect.
By using partial derivatives, the equation can be written as:

# #
.
∝.  !  " !
# #

As shown above, and based on the linear patterns identified, the term
equation to be solved is then:

$%&'
$()

is a constant. The

#
 .  !  " !
#

Where ‘a’ is a constant.

By rewriting the equation, it can be written as follow:
#
* .  !  " !
#

By multiplying the two sides of the equation by  +,.- and by integrating the equation, we can
write:
-

. 
1

+,-

#
./
 .  !0   .  +,- . " !
#
1
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The primitive of the left side of the equation is
 +,- .  !
Which means that,
-

2 +,-  !3-1  .  +,- . #41

Finally, LT(t) could be written as follows:

-

 !   !.  ,. -+1!  .  +,- . #41

Where W(t) is a Wiener process (because the integral of a white noise Gaussian process
represents a Wiener process).
The Generalized Wiener process is written as:
∆  . ∆  6. ∆

Where d is the drift and v2 is the variance.
And

∆  "√∆ with " ~  0,1!
By performing a non-linear regression on the data series, the coefficients of the equations
have been identified. Multiple simulations have been performed in order to optimize the
goodness of fit (knowing that there is a stochastic component in the model).

By using the long term rate equation and the linear relationship between NIM and long term
rates, we can deduce the equation of NIM as a function of time t:
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 !   !.  ,. -+1!  .  +,- . #41

  0,2071.   2,8326
However, this equation partially reflects the dynamics of the NIM. In fact, the relationship
between long term rates and the NIM allows for the capture of the NIM’s trend . The other
component to be considered is the short-term volatility of the NIM, that could be explained (as
discussed earlier) by the spread between short-term and long-term rates.
For that matter, the residuals of the models above have been compared to the evolution of the
spread on the same period. The residuals reflect the error term of the models and therefore are
a reflection of the information not captured by the model. Based on the observation that the
short term volatility of the NIM (described by the hump shape) is linked with the spread, the
residuals of the model should follow the evolution of that spread. In fact, the model captures
the trend of the NIM (described by the link with the long term rates) but does not capture the
link with the spread. Consequently, if the residuals of the model follow the evolution of the
spread, then the assumption (or the observation) that the short-term volatility of the NIM is
explained by the spread holds.

The residuals of the model seem to follow the trends of the spread in the three pattern locations.
Subsequently, one can deduce that the short term volatility of the NIM is driven, at least
partially, by the spread.
Finally, as the study showed, the dynamics of the NIM could be explained by two factors. The
long term trend of the NIM is driven by long term interest rates whereas the short-term volatility
is driven by the spread between short term and long term interest rates. The model’s intent are
not to forecast the levels of the NIM in the coming future but to anticipate how it will evolve
based on assumptions on interest rates. For instance, with the QE ending in the US as well as a
possible return to a more normal monetary policy, it will eventually lead to a hike in interest
rate. With this assumption, long interest rate will rise leading to an upward trend of the NIM as
identified in the technical analysis. Short-term rates will rise as well. Depending on how the
19
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yield curve shifts, the spread could increase or stay as it is which means that, in a scenario where
the yield curve steepens, the NIM will increase in the short-run.
This analysis is based only on interest rates. It does not take into account other factors that can
impact the NIM. Among these factors is the current regulations on liquidity (LCR and NSFR),
the leverage ratio, and the stress testing which could lead to high levels of capital and provisions
that in turn would impact the business. Another factor that could be important to consider is the
size of the balance sheet and by extension the business model. Consequently, a more granular
study could be performed by total asset size in order to provide more granular conclusions.
For that matter, the following part of the white paper focuses on measuring the IRRBB on a
real balance sheet. One of the measures is the Earnings-at-Risk that could be assimilated to the
NIM, and therefore would provide more detailed conclusions on the evolution of the NIM in a
particular case.

4. Building a simulation framework to capture the IRRBB
4.1. Framework of the study
4.1.1. Purpose of the analysis

The analysis presented in this section focuses on building a framework to allow the
measurement of the the IRRBB on a real portfolio. Obviously, the purpose is to define the
metrics that will allow the capture of this risk. What matters most is how to project the IRRBB
on a predefined horizon and the way it will evolve considering the current market conditions.
Accordingly, the first rationale behind this study is to define how to capture the IRRBB’s
exposure as of today. Based on this methodology, the second rationale is to diffuse the IRRBB
metrics on the near future and to study the sensitivity of the portfolio based on various scenarios.
In fact, in preparation for the new Basel regulation and potential hikes in interest rates, the
purpose of this study is to propose a methodology allowing the management of the IRRBB at a
certain point of time, and more importantly, to capture its evolution across time.
4.1.2. Methodology and approach behind the study

The study and the simulation framework have been built around three main axes:
The first aspect of the study is to build a model to diffuse the floating interest rates on which
assets and liabilities of the portfolio have been indexed. As a part of the balance sheet is
constituted of assets and liabilities indexed on floating rates, the ability to project these rates
would allow for a better understanding on how the value of these instruments, as well as their
revenues and costs, would evolve which can, by definition, explain the sensitivity of the bank
to changes in interest rates. The
model features a Monte Carlo simulation generating
multiple paths of interest rates. These simulations are associated with interpolation techniques
such as Cubic Spline Interpolation. Additionally, the horizon of the projections goes up to
almost 3 years as the interest rates predictions are constructed untill Q4-2017. Finally, the model
is a multi-step model where at each sequence (end of each year), a reset process is applied.
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Based on the outcomes of the model and the different scenarios generated, changes in cash
flows and value will be measured, hence, the exposure to the IRRBB.
The second aspect of the study is to that that cash flows are not solely impacted. In fact, the
actualization framework is key in order to value assets and liabilities at a certain point of time.
The purpose of this second part is to build a rate model that would simulate the term structure
of the yield curve, and therefore, determine discount factors. Additionally, scenarios of changes
in the yield curves are constructed such as a parallel shift scenario, steepening scenario and
inversion scenario. Discount factors generated from these scenarios are applied on the cash
flows generated by the balance sheet.
The third aspect of the study defines the metrics that allows for the IRRBB to be measureable.
The main purpose is to build engines that allow cash flows to be generated from the balance
sheet, and to reprice assets and liabilities based on the scenarios of interest rates. Based on these
engines, the Economic Value of Equity (EVE) and Earnings-at-Risk are computed as these
measures are promoted by regulators and used among industry participants. It is the evolution
of the EVE and EAR that is ultimately the main focus of this part. In fact, the sensitivity of
these measures to changes in interest rates and their evolvement over the projected horizon are
analyzed in order to enhance the understanding of how the IRRBB exposure changes given the
structure of the balance sheet.
4.1.3. Description of the balance sheet on which the study was conducted

The balance sheet on which the study was conducted is a real balance sheet of a commercial
bank. The activity is comprised of a commercial one dedicated to loans origination for retail,
SME and Corporate counterparties as well as a depository activity. There is also a financial
activity dedicated to bonds origination, repo and reverse repo activity as well an investment
activity in corporate, sovereign and supranational bonds. These activities are booked in the
banking book and are therefore in the scope of the study. Note that this bank also has a trading
activity which is, by design, outside the scope of this study.
The balance sheet is comprised of assets and liabilities set at fixed and floating rates. This
structure of the balance sheet is key given that it will drive the sensitivity of the bank to the
IRRBB. In fact, this reflects the business model of the bank which was an important argument
provided by financial institutions to the Basel Committee regarding a standardization of a
regulation to cover the IRRBB. Hence, the results provided by the simulations in this study are
obviously dependent on the business model of the bank.
The balance sheet is structured around the following items:

The distribution between floating and fixed rate is as follow:
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Bank A
Assets
Commercial loans
Leasing loans
Equipement loans
Mortgage loans
Securities
Revolving loans
Personnal loans
Regulatory replacement
Other loans
Total

Fixed rate

Floating rate

0,0%
14,5%
0,2%
32,2%
0,0%
0,2%
0,5%
0,9%
0,0%

0,6%
0,0%
0,0%
29,8%
7,0%
0,0%
0,0%
0,9%
13,3%

48,5%

51,5%

Liabilities
Fixed rate
Issuances
1,0%
CEL
0,2%
saving accounts - Institutionnal
1,5%
saving accounts - Retail
23,1%
Open deposits - Corporate
0,0%
Open deposits - Retail
0,0%
Regulated savings
17,3%
Total
43,1%

Bank B
Assets
Commercial loans
Leasing loans
Equipement loans
Mortgage loans
Securities
Revolving loans
Personnal loans
Regulatory replacement
Other loans
Total

Fixed rate

Floating rate

0,0%
14,5%
0,2%
32,2%
0,0%
0,2%
0,5%
0,9%
0,0%

0,6%
0,0%
0,0%
29,8%
7,0%
0,0%
0,0%
0,9%
13,3%

48,5%

51,5%

Liabilities
Fixed rate
Issuances
1,0%
CEL
0,2%
saving accounts - Institutionnal
16,8%
saving accounts - Retail
1,6%
Open deposits - Corporate
0,0%
Open deposits - Retail
0,0%
Regulated savings
5,6%
Total
25,3%

Floating rate
0,1%
0,1%
17,3%
13,8%
11,0%
10,1%
2,6%

55,0%

Floating rate
0,1%
0,1%
29,2%
13,8%
11,0%
16,1%
2,6%

72,9%

It seems, based on these exhibits, that an increase of interest rates would have a higher impact
Bank’s B EVE and EAR. In fact, as interest rate increases, and knowing that the volume of
floating rate liabilities is higher that floating rates assets, one could assume that returns will
decrease as well as the economic value of the balance sheet. This analysis is partial, since it
considers only the impact of interest rates moves on cash flows. It does not consider the other
aspect of moving rates which is the discounting of future flows which would impact both flows
on floating and fixed rates.
Consequently, in order to capture both effects of rates moves on the balance sheet (cash flow
effect and discounting), EVE and EAR engines have been constructed. These engines consider
the balance sheet as an input as well as Monte Carlo scenarios for interest rate moves. Each
balance sheet and off-balance sheet item have been repriced for each scenario. This is discussed
below.
However, analyzing the structure of the balance sheet is key since it provides first indications
on how the revenues and the economic value of a financial institution would be impacted when
interest rates shift.
Finally, one important point is that, in conjunction with the new regulation, capital, fixed assets
equity exposures and regulatory capital have not been included in the IRRBB metrics.

4.2. Building a multi-step diffusion model for interest rates
4.2.1. Purpose of the model

The purpose of the model is to project the evolution of interest rates on a 3-year horizon based
on the evolution of macro-economic covariates. The idea is to analyze the historical evolution
of spot interest rates (3-month EURIBOR for instance) in conjunction with the evolution of
various macro-economic variables (including variables that would reflect the monetary policy)
and identify a relationship between the dependent variable (3-month EURIBOR) and the macrovariables. Obviously, the way macro-variable are chosen should include an economic rationale
in addition to the statistical representation and significance.
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Based on this relationship and the projection of macro-variables, spot interest rates are projected
as well. However, around the central scenario projection, multiple other scenarios are generated
using Monte Carlo simulations, in order to capture as much as possible different scenarios for
interest rates. The model includes a multi-step process where at the end of each year, the results
are reinitialized and another Monte Carlo simulation is generated.
Consequently, the time series model would be used to generate different scenarios allowing to
capture different possible outcomes for spot interest rates. For a matter of simplification, an
assumption is made on the indexes on which floating rates instruments are indexed. In fact, the
balance sheet that has been considered for the matter of this study contains instruments indexed
on the 3-month EURIBOR, 6-month EURIBOR, 9-month EURIBOR, EONIA, LIBOR etc…
For this study, only one time series model has been constructed for 3-month EURIBOR
meaning that we assume that all floating rate instrument are indexed on the 3-month EURIBOR.
This assumption can be explained by the fact that the different indexes present some strong
correlations.
4.2.2. Stationarity of the dependent variable and correlation with macro-variables

When building time series model, one of the first steps is to analyze the dependent variable (3month EURIBOR) and define whether it is stationary or not. If the variable is not stationary,
the regression model built would present some spurious coefficient, which means that the
results would not be accurate and the model useless. Therefore, the variable must be
transformed in order to have a dependent variable that is stationary.
For that matter, two stationarity test have been performed on the 3-month EURIBOR: The
Augmented Duckey Fuller test and the KPSS test. The results are:
Stationarity test for the EURIBOR 3M
Test
Hypothesis
ADF

H0 | the series contain a unit root
Ha | the series is stationary

KPSS

H0 | the series is stationary
Ha | the series is not stationary

P-value
7,54%

< 0,0001

Interpretation
Considering that the p-value is above the significance
level (5%), H0 could not be rejected. The series is not
stationary
Considering that the p-value is below the significance
level (5%), H0 must be rejected. The series is not
stationary

Consequently, the dependent variable is not stationary and therefore must be transformed. The
first order variation of the 3-month EURIBOR (EUR3M) is then considered:
∆AB3C1- DEFGE () = AB3() − AB3( − 1)
The stationarity tests are:
Stationarity test for the 1order variation EURIBOR 3M
Test
Hypothesis
H0 | the series contain a unit root
ADF
Ha | the series is stationary
KPSS

P-value
1,50%

H0 | the series is stationary
Ha | the series is not stationary

69,9%

Interpretation
Considering that the p-value is below the significance
level (5%), H0 must be rejected. The series is stationary
Considering that the p-value is above the significance
level (5%), H0 must not be rejected. The series is
stationary

Consequently, the 1st order variation of the EUR3M is stationary so the dependent variable that
would be considered for the model is ∆AB3C1- DEFGE
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Once the dependent variable is defined, the correlations with the macro-economic variables are
tested. For that matter, multiple variables from different countries have been considered.

For these variables, the correlation matrix has been calculated in order to identify the
correlations between the dependent variable and the economic covariates on one side, and
between economic covariates on the other side (considering the high number of variables, only
those with significant correlations have been considered)
Correlation Matrix - Pearson's coefficient
Variables
EUR003M Index
10y Bond - Germany
GDP Growth_Germany
10y Bond - Belgium
GDP Growth_France
10y Bond - France
Unemployment rate_France
GDP Growth_EU
Taux de chômage_EU
10y Bond - EU
Changes in ECB reference rate (main refinancing operations)

EUR003M Index 10y Bond - Germany GDP Growth_Germany 10y Bond - Belgium GDP Growth_France 10y Bond - France Unemployment rate_France GDP Growth_EU Taux de chômage_EU 10y Bond - EU
1
0,804
0,308
0,732
0,431
0,800
-0,684
0,512
-0,856
0,915
0,195

0,804
1
0,127
0,870
0,429
0,972
-0,563
0,462
-0,761
0,760
0,165

0,308
0,127
1
0,152
0,822
0,120
-0,033
0,869
-0,155
0,229
0,538

0,732
0,870
0,152
1
0,381
0,952
-0,510
0,357
-0,604
0,705
0,085

0,431
0,429
0,822
0,381
1
0,407
0,057
0,953
-0,172
0,303
0,587

0,800
0,972
0,120
0,952
0,407
1
-0,547
0,413
-0,701
0,768
0,135

-0,684
-0,563
-0,033
-0,510
0,057
-0,547
1
-0,126
0,865
-0,763
0,142

0,512
0,462
0,869
0,357
0,953
0,413
-0,126
1
-0,336
0,409
0,580

-0,856
-0,761
-0,155
-0,604
-0,172
-0,701
0,865
-0,336
1
-0,850
-0,003

Changes in ECB reference rate
(main refinancing operations)
0,195
0,165
0,538
0,085
0,587
0,135
0,142
0,580
-0,003
0,041
1

0,915
0,760
0,229
0,705
0,303
0,768
-0,763
0,409
-0,850
1
0,041

Determination coefficient - R2
Variables
EUR003M Index
10y Bond - Germany
GDP Growth_Germany
10y Bond - Belgium
GDP Growth_France
10y Bond - France
Unemployment rate_France
GDP Growth_EU
Taux de chômage_EU
10y Bond - EU
Changes in ECB reference rate (main refinancing operations)

EUR003M Index 10y Bond - Germany GDP Growth_Germany 10y Bond - Belgium GDP Growth_France 10y Bond - France Unemployment rate_France GDP Growth_EU Taux de chômage_EU 10y Bond - EU
100,0%
64,6%
9,5%
53,6%
18,6%
63,9%
46,7%
26,2%
73,2%
83,7%
3,8%

64,6%
100,0%
1,6%
75,8%
18,4%
94,5%
31,7%
21,4%
57,9%
57,8%
2,7%

9,5%
1,6%
100,0%
2,3%
67,5%
1,5%
0,1%
75,5%
2,4%
5,2%
29,0%

53,6%
75,8%
2,3%
100,0%
14,5%
90,7%
26,0%
12,7%
36,5%
49,7%
0,7%

18,6%
18,4%
67,5%
14,5%
100,0%
16,6%
0,3%
90,8%
2,9%
9,2%
34,5%

63,9%
94,5%
1,5%
90,7%
16,6%
100,0%
29,9%
17,0%
49,1%
59,0%
1,8%

46,7%
31,7%
0,1%
26,0%
0,3%
29,9%
100,0%
1,6%
74,9%
58,2%
2,0%

26,2%
21,4%
75,5%
12,7%
90,8%
17,0%
1,6%
100,0%
11,3%
16,8%
33,6%

73,2%
57,9%
2,4%
36,5%
2,9%
49,1%
74,9%
11,3%
100,0%
72,3%
0,0%

83,7%
57,8%
5,2%
49,7%
9,2%
59,0%
58,2%
16,8%
72,3%
100,0%
0,2%

Changes in ECB reference rate
(main refinancing operations)
3,8%
2,7%
29,0%
0,7%
34,5%
1,8%
2,0%
33,6%
0,0%
0,2%
100,0%

As the results above show, the EUR3M is correlated with 10y bond for Germany, France,
Belgium and EU. This positive correlation seems natural since short term and long term rates
present similar trends or in other words evolve accordingly even though short term rates are
more volatile. Moreover, these variables were not considered in the model because we wanted
the model to take as inputs non-rate related data. Plus, there is a strong correlations between the
variables of France, Germany and Belgium with the EU variables. This result is natural as well
24

© Global Research & Analytics Dept.| 2015 | All rights reserved

because a composite of the variables at country level would constitute the variables at EU level.
For that matter, only variables at EU levels have been considered in the model.
Therefore, based on this analysis only one variable present a strong correlation with the
EUR3M: the unemployment rate at the EU level.

Two other variables have some interesting features that could be considered as additional inputs
for the model: the GDP Growth rate and the changes in ECB reference rate (main refinancing
operations). In fact, the correlation between the GDP Growth rate and the EUR3M is 51.2%
which could be considered as not sufficiently significant (in comparison to other variables).
However, the graph below shows that the GDP growth has various trends that could contribute
in explaining the evolution of EUR3M (during the crisis of 2008 for instance, or in the early
2000’s as well).

The third variable is the change in ECB main refinancing operation rate. This variable is
deduced from the historical evolution of the ECB main refinancing operation rate. This
transformed variable represents changes in the monetary policy. As mentioned above, including
a variable that represents the monetary policy seems to be important since the monetary policy
drives short term interest rates and because of the significant role the monetary policy plays in
today’s environment. Typically, in the US, after the QE ended, market participants all await the
next move from the FED on how it will drive its monetary policy. Even though this variable is
not directly correlated with the EUR3M, it is highly correlated with the 1st order variation of
EUR3M which is the dependent variable on which the regression analysis will be performed
(81% of correlation and 66% of R2).
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4.2.3. Performing the regression analysis

Based on the findings of the previous section, a regression analysis is performed taking into
account the following variables:
• Dependent variable | 1st order variation of EUR3M
• Explanatory variables |
o EU Unemployment rate
o EU GDP Growth rate
o Changes in ECB main refinancing operation rate
In order to enhance the performances of the model, an autoregressive component of the EUR3M
has been included as an explanatory variable. Basically, one can suggest that the changes in the
EUR3M are both explained by macro-economic variables and by the level of the EUR3M at
the previous time (t-1). In fact, if the EUR3M is at near zero level at time t-1, its variations are
unlikely to be high at time t in comparison with a EUR3M that is higher at time t-1.
Based on these comments, a linear regression has been performed using the OLS methods in
order to estimate the coefficient of the model.
∆AB3C1- DEFGE ()
=  + . HIJ  KℎMN () + . A O P  BMN ()
+ . Qℎ  QR BSMN () + . AB3( − 1)

The results of the regression present a good capacity of the model to fit with the observations.
The weight of the variables (materialized by the normalized coefficient and the p-values) shows
that all variables are statistically significant in the model (at a 5% confidence level).
Adjustments
Nb of observations
DDL
R²
R² adjusted
MCE
RMCE
MAPE
DW
Cp
AIC
SBC
PC

65,000
60,000
0,703
0,683
0,072
0,268
317,325
2,643
5,000
-166,486
-155,614
0,346

The parameters of the model are:
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Variables
Values
Constante
1,334
GDP Growth_EU
5,234
Unemployment Rate_EU
-0,117
Changes in ECB reference rate (main refinancing
0,856
operations)
EUR003M Index_t-1
-0,134

By rewriting the equation, the estimated EUR3M(t) can be written as:
AB3 !  1,33  5,23. HIJ  KLMN ! * 0,12. A O P  BMN !
 0,86. QL  QR BSMN !  0,86. AB3  * 1!
The sign of the coefficients seems to be in line with the economic rationale. For instance, an
increase in the unemployment rate will be associated with a decrease in the EUR3M. In fact, an
increase in the unemployment rate is associated with a downturn economic condition which in
turn will lead to a more accommodating monetary policy, which in turn will push rates down.
The sign of the variable “Changes in ECB MRO” is positive which is accurate since it reflects
that the EUR3M evolves in conjunction with the monetary policy which is in fact one of the
main role of supranational regulators (drive inflation and short term rates).
The ability of the model to fit with the observations is tested graphically by taking into
consideration the observed EUR3M(t-1) in the model on the one hand, and by considering the
predicted EUR3M(t-1) since the beginning of the time series.

The coefficient of determination is respectively 97% and 93%. The performances of the model
could be considered as good. Obviously, the autoregressive component enhances the
performances of the model without rendering any of the macro-variable insignificant in the
model.
The assumptions on the residuals have been tested meaning that the autocorrelation in the
residuals and the normality have been covered. The partial autocorrelation graph shows that the
residuals are slightly correlated at lag 1 and 4 with all other lags presenting small levels of
correlation. This provides an indication on the stationarity of the residuals which is confirmed
by the ADF, KPSS and PP tests. The normality tests show as well that the residuals follow a
normal distribution.
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Statistique
Jarque-Bera
Box-Pierce
Ljung-Box
McLeod-Li
Box-Pierce
Ljung-Box
McLeod-Li

DDL
2
6
6
6
12
12
12

Valeur
55,520
15,746
17,027
12,108
20,710
23,103
13,405

p-value
< 0,0001
0,015
0,009
0,060
0,055
0,027
0,340

4.2.4. Calibrating the Monte Carlo simulations in a multi-step process

The rationale behind this section is to calibrate adequately the engine to generate the various
scenarios for interest rate evolution over a 3 year horizon period. The calibration of the MC
simulations is key in order to accurately cover plausible paths for interest rates knowing the
central scenario. The central scenario refers to the projections of interest rates based on the
projections of macro-economic variables as anticipated by supranational organizations.
The purpose is to project interest rates using the econometrical model developed in the previous
section, and by framing the central projection to take into consideration potential errors that
might arise from the projected macro-variables. In other words, the MC simulations have the
intent to cover the uncertainty around anticipated macro-variables for the three coming years.
The calibration of the MC simulations is performed iteratively and by sequence, each sequence
representing the end of a year. This means that the uncertainty of estimation is calibrated for
year 1 (end of 2015), year 2 (end of 2016) and year 3 (end of 2017). Indeed, for each sequence,
a MC simulation is performed to take into account the uncertainty for a 1 year horizon period,
then a 2 year horizon period and finally a 3 year horizon period (1 MC simulation is performed
for each sequence, 3 MC simulations are performed in total). Graphically, this could be
represented as follows:
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As shown by the graph above, the error is calibrated for the different horizons and therefore is
a function of that time horizon. Indeed, the error for the 3-year horizon projections is higher
than the error for the 2 year horizon which in turn is higher than the error for the 1 year horizon.
The methodology used to calibrate the error is based on the observed error between projected
macro-economic variables and observed values. In fact, assume that at time t-x (for instance
2005), the ECB has projected real GDP Growth for the following three years (2006, 2007 and
2008). These projections are compared to the observed real GDP Growth for these years.
Therefore, the error over a 3-year time horizon is observable (the error in 2006 reflects the oneyear error, the error in 2007 reflects the two-year error, so on and so forth). Thus, three time
series are then derived for each macro-economic variables, each reflecting the error at a predefined time horizon (1-year error, 2-year error, 3-year error).
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Based on the derived time series, the average error and the standard deviation of the error are
computed for each time horizon (from 1 to 3 years, which are the projection horizon). These
parameters will be the inputs to the scenario engine that will generate the Monte Carlo
simulations. Indeed, recall that the scenario generator is a multi-step process. For each step
(corresponding to a one year time span), a Monte Carlo simulation would be generated based
on the corresponding error (as defined above) for each macro-economic covariate chosen. The
process would be summarized as follow:
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Therefore, for each sequence, the estimated values of the macro-economic variables are
computed while taking into account the potential error in projections as computed earlier. The
scenarios for the macro-economic variables are then included in the econometric model in order
to forecast the EUR3M over a three-year time horizon.

4.2.5. Forecasting the EUR3M over a three year time horizon

The econometric model built in 4.2.3 allows the forecasting of the EUR3M based on the
projections of the macro-economic covariates. The Monte-Carlo simulation engine allows the
generation of different potential scenarios for the macro-economic variables based on the
forecasted values for these variables and the potential error that could arise, calibrated on the
historical observed errors over the past decade.
The purpose of this paragraph is to project the EUR3M based on the scenarios from the MonteCarlo simulation. This would allow to capture as much as possible different potential scenarios
for the EUR3M evolution.
First, recall that the Monte Carlo simulations provided potential values of macro-economic
variables at the end of each sequence. Therefore, at the end of 2015, 2016 and 2017 the different
projections of macro-economic covariates are then available. However, the econometric model
built depends on the EUR3M at time t-1 or in other words on the value of EUR3M for the past
quarter. Therefore, it is necessary to define a methodology to interpolate iteratively the macroeconomic variables, from the beginning of the sequence till the end of the sequence and
consequently determine the projected values for these variables over the entire quarters of a
year (not only the beginning and the end of the sequence, but the intermediary points as well).
Different methods have been used and will be described briefly. The first method is based on a
stochastic interpolation whereas, based on the generalized Wiener Process (for which the Drift
and the Variance have been calibrated accordingly), the intermediary points have been
interpolated. If this method introduces an interesting feature (the ability to introduce a stochastic
component in the projections) it has some drawbacks for the purpose of projecting the EUR3M.
Indeed, interpolating the macro-economic variables based on a pure stochastic component
introduces some breaks (or humps) in the EUR3M from one quarter to another. These humps
from one quarter to another are not desirable because they don’t reflect any economic rationale.
Another drawback is the difficulty to calibrate accordingly the Wiener process and the
sensitivity of the projections based on these calibrations.
The second method is preferred to the first one. Indeed, the interpolation of the macro-economic
covariates are performed using a Cubic Spline interpolation. The first advantage of this method
is that the interpolation is smoother reflecting more accurate trends in the macro-economic
variables. The second advantage is that it introduces difficulties from a calibration standpoint.
The third advantage is that it will allow generating different paths for each scenarios for the
Monte Carlo Simulation. Finally, this method is used across the industry for interpolations
matters around yield curves.
Based on this second method, the macro-economic covariates have been interpolated and the
EUR3M has been projected using both the econometric model and the projections for the
macro-economic covariates.
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4.3. Building a yield curve model
The purpose of this section is to build a rate model that would simulate the entire term structure
of the yield curve. This model would allow the computation of the discount factors and therefore
the Net Present Value of assets and liabilities.
Besides calibrating a rate model, the purpose is to calibrate possible scenarios of changes in the
term structure of the yield curve. In fact, as required per regulations and as a market best
practice, different scenarios of moves of the yield curve have been designed based on the current
market conditions (which is the starting point) and observations about historical changes of the
yield curve (calibration of the severity of the moves).
Finaly, for a matter of coherence, the evolution (or projection) of the yield curve has been
indexed on the projections made for the EUR3M for the three coming years. This means that
the starting point of the yield curve is the projected EUR3M (for each scenario generated by
the MC simulations) and the changes in the term structure of the yield curve has been calibrated
based on the intensity and severity of the moves in the various crisis.
4.3.1. Choosing and calibrating the rate model

The rate model used to model the yield curve is the Nelson, Siegel and Svensson model. The
NSS model is a widely used model to forecast the yield curve. It is flexible enough to describe
the many shapes of the yield curve. More importantly, and for the matter of this study, this
model is perfectly adequate to calibrate the various scenarios of changes in the term structure
of the yield curve. In fact, each coefficient (or combination of the coefficient) represent a
specific element of the yield curve, which make it simpler to calibrate deformation of the yield
curve for various intensities.
The equation of the model is
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Where the impact of each parameter can be interpreted as follow:
-

-

-

VW is interpreted as the long-run yield level as it is independent of time to Maturity τ.
The second term is equal to 1 for U = 0 and exponentially decays to zero as τ grows.
VW is also interpreted as the level of rates;
VC is the short term value of the curve in terms of deviation from the asymptote. Indeed
the first term is equal to 1 for U = 0 and exponentially decays to zero as τ grows. If VC
is positive (negative), the curve will have a negative (positive) slope;
C specifies the position of the first hump or U-shape on the curve;
V` determines the magnitude and the direction of the first hump. Indeed the second term
is equal to 0 for U = 0; when τ grows, it increases in a first time and then the decreases;
` specifies the position of the second hump or U-shape on the curve;
Va determines the magnitude and the direction of the first hump. Indeed the second
term is equal to 0 for U = 0; when τ grows, it increases in a first time and then the
decreases.

The first step is to determine the coefficient of the model in order to fit with the current yield
curve. For that matter, the current yield curve considered is the EURO BOND yield curve. To
fit the model to the observed yield curve a differential evolution algorithm is used. Its intent is
to optimize the following optimization problem:
min ∑(P- − P- )²
d

Where yt is the observed yield curve and ytp is the modeled yield curve. Some constraints are
being imposed to estimate the factors:
VW + VC > 0

and

VW > 0

By running the optimization problem, the coefficients of the NSS model are computed, and the
model is fitted to the observed yield curve. For instance, for the following yield curves, the
results are:
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In fact, an algorithm has been developed in order to fit the NSS model for the available daily
spot yield curves from 06/09/2004 till 30/06/2015. Therefore, the coefficients of the model have
been computed for these yield curves.
4.3.2. Defining and building the scenarios for shifts in the yield curve

The purpose of this section is to build a methodology that allows the identification of the
scenarios on the yield curve (the various shifts and twists that could occur), defining the
windows on which the shifts will be calibrated and proposing a framework to calibrate these
scenarios based on what is observable.
The first step of the process is to define what the different shifts and moves are that need to be
captured. Essentially, multiple twists could occur on the yield curve with various intensities.
Theses twists must reflect a specific stress scenarios that would distort the yield curve. The
severity of the stress scenario is materialized by the intensity of the twist. For instance, a
possible scenario for the yield curve would be an inversion of the yield curve where long interest
rate would be lower than short interest rates. In such a scenario, the intensity of the inversion
would be measured by the spread between short run rates and long run rates. The more the
spread increases (in absolute terms since the spread would be negative in this case), the higher
the stress impact becomes. For the matter of this white paper, four different and plausible
scenarios is simulated:
-

Steepening of the yield curve;
Flattening of the yield curve;
Inversion of the yield curve;
Parallel shift of the yield curve.

For these different scenarios, multiple intensities would be calibrated in order to capture as
much as possible different potential shifts in the yield curves and to measure their impacts in
terms of the IRRBB.
Once the scenarios defined, the second step is to identify the time window in the historical data
for which similar moves have been identified. Indeed, the rationale behind this step is to
calibrate the intensities of the scenarios or, in other words, the severity of the scenario. The time
window chosen provides another important information. It gives the time span between the
beginnings of the phenomenon (steepening for instance) and when it reaches its maximum and
thus its turning point. This information would be interesting in order to capture how the
phenomenon intensifies across time.
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To identify the different time windows, the methodology is based on the evolution of the spread
between long term rates and short term rates. If the spread increases (positive slope) over a
certain period of time, the yield curve is facing a steepening scenario. If it decreases (negative
slope, the spread remains positive) the yield curve is facing a flattening scenario. If the spread
becomes negative (short term rates higher than long term rates) then the yield curve is facing
an inversion scenario. The graphic below shows the different potential time windows for the
scenarios:

A zoom on the different time windows is presented below:
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First, the flattening window that will be used to model the flattening scenario in the yield curve
goes from 23/09/2013 to 20/04/2015. The graph above shows that the slope of the yield curve
(captured by its derivative) decreases significantly across this period of time. It is essentially
long term rates that decreased significantly due to the quantitative easing (announced by the
ECB and launched in 2015). Indeed, as short term interest rates were already low (driven by an
expansionary monetary policy), in order to stimulate the economy, the ECB targeted long
interest rates.
Second, for the steepening scenario two possible time windows are possible. These time
windows reflect two different behavior and trends in the yield curve. The first time window
ranges from the 26/09/2008 to 10/09/2009. The increase in the spread is more driven by changes
in short term interest rates rather than long term interest rates. Indeed, following Lehman’s
default (that occurred on 15/09/2008) and the financial crisis of 2008, an accommodative
monetary policy has been put in place by supranational institutions in Europe and others central
banks around the world that materialized in a near zero-rate policy which drove short interest
rates down, therefore increasing the spread and the slope of the yield curve (long term interest
rates being at identical levels). The second time window takes into consideration the latest
developments in the yield curve and ranges starting from 21/04/2015 till now. The dynamics of
the yield curve (and more especially the increase in the slope) is more driven by an increase in
long interest rates rather than short interest rates. As explained earlier, this volatility is the
consequence of the quantitative easing and the volatility that it introduces. To choose between
the time windows, the second one seems preferable knowing that it concerns the recent
environment. However, the severity of the changes is an important one, because while
calibrating the scenarios, capturing extreme events seems important. For that matter, the slope
of the curves (a linear regression has been performed, which is an approximation of the slope)
has been calculated and the changes measured:
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The different slopes are then:
Time Window
1
2

Date
10/09/2009
26/09/2008
10/06/2015
21/04/2015

Slope
0,6556
0,1728
0,3389
0,1304

Change

% Change

0,48

279%

0,21

160%

As the results show, it seems more convenient to consider the first time window (which includes
the latest financial and economic crisis). The advantage of this time window is that its severity
is higher which allows additional possible scenarios to be captured in the steepening dynamics
of the yield curve. Another interesting point is that it includes a recent historical crisis, which
regulators recommend using for risk management purposes. This makes makes the first time
window more regulator-friendly.
Third, for the inversion scenario, the phenomenon observed in the Euro Bond yield curve does
not seem to be sufficiently representative to model such a scenario. Indeed, the intensity seems
low and the time span very short (sufficiently short that it could have no impact on the banking
book). For that matter, another series seems preferable for that scenario. Indeed, the inversion
scenario is calibrated on the longest standing example of the yield curve inversion, the inversion
of the US Treasury bond yield curve in the middle of the 2006 labeled by Greenspan’s
“conundrum”: the rise of short-term rates in the face of persisting low long-term rates. Indeed
the FED raised several times its key policy rate between 2004 and 2007 (from 1% to 5.25%)
while long-term rates remained at the same or lower level because of a high demand of longterm financial securities.
Fourth, the parallel shift in the yield curve is based on market best practice as well as practices
that regulators are promoting (under the pillar 2 of the Basel committee, the IRRBB should be
measured via a parallel shift of +/- 200 Bps).
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4.3.3. Calibrating the scenarios for shifts in the yield curve

Once the scenarios defined, the purpose of this section is to detail the methodology that allowed
calibrating the scenarios on the observable yield curve.
The first step of the methodology is to calibrate the NSS model on the daily observable yield
curves for each time window selected. Therefore, for a certain time window, the coefficients of
the model are determined (Vg ) for each yield curve. The intent of this step is to model the yield
curve and therefore model (or capture) the changes in the structure of the yield curve across the
time window. The different changes in the coefficients are presented for the time window that
ranges from 23/09/2013 to 20/04/2015:
Statistics
Number of observations
Minimum
Maximum
1st Quartile
Median
3rd Quartile
Mean
Variance (n-1)
Std deviation (n-1)

Beta 1
400
0,744
2,609
2,027
2,199
2,358
2,088
0,183
0,427

Beta 2
400
-2,543
-0,985
-2,184
-2,060
-1,912
-2,000
0,106
0,325

Beta 3
400
-65,956
-4,884
-60,358
-50,824
-27,593
-43,712
378,664
19,459

Beta 4
400
3,131
66,395
25,483
49,637
60,389
42,919
410,190
20,253

These results show that the coefficients are concentrated around certain values but extreme
values appear as well. These values are particularly interesting when modeling scenarios
because it will allow capturing scenarios of distressed events sometimes extreme. Another
interesting point is that a combination of the coefficients would allow the modeling of changes
in the yield curve that are not observed in the historical data (even though the coefficients are
determined based on historical data, different combinations of the coefficients would provide
some interesting changes).
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The second step is to measure the changes in the coefficients and apply these changes on the
actual yield curve. In fact, the information that is wanted from the historical data is the potential
changes and the severity of these changes in the yield curve. Once these changes captured, they
are applied on the actual yield curve, meaning that potential changes are applied on our latest
observable point. Another interesting point in that methodology (since the coefficients have
been calculated for daily observations) is that it introduces a time variable. Indeed, it is possible
to measure changes as a function of time or in other words, the severity as a function of time.
Stress scenarios could be performed by inducing changes in the reactivity of the scenario in
time:
Vgh () = Vg (W ) ∗ ∆Vg ()

For each i from 1 to 4 and for each t in the time window. The results are then sorted and the
percentiles and quartiles determined. The results are shown above:
Flattening Scenarios

Steepening Scenarios
1,6

4,2

1,5

4,0

1,4

3,8
3,6
3,4
3,2
3,0
2,8
2,6

Steepening effect

1,7

4,4

Steepening effect

4,6

1,3
1,2
1,1
1,0
0,9
0,8
0,7

2,4
2,2

Reference Date

0,6

Reference Date

2,0

Minimum

0,5

Minimum

1,8

1st Quantile

0,4

1st Quantile

1,6

Median

0,3

Median

1,4

3rd Quantile

1,2

Maximum

3rd Quantile

0,2

Maximum
0,1

1,0

0,0

0,8

- 0,1

0,6

- 0,2

0,4
0,2

- 0,3

0,0

- 0,4
- 0,5

- 0,2

- 0,6

- 0,4

3M

1Y

2Y

5Y

7Y

10Y

20Y

3M

30Y

1Y

2Y

5Y

Inversion Scenarios

7Y

10Y

20Y

30Y

Parallel Shift Scenarios

3,2

4,0

Reference Date

3,0

Reference Date

Minimum

+100 Bps

3,5

10% Quantile

2,8

+200 Bps

1st Quantile

2,6

-100 Bps

3,0

Median

-200 Bps

3rd Quantile

2,4

2,5

90% Quantile

2,2

Maximum
2,0

2,0
1,5

1,8
1,6

1,0

1,4
0,5

1,2
1,0

0,0

Inversion effect

0,8
0,6
0,4
0,2

- 0,5

- 1,0

- 1,5

0,0
- 2,0

- 0,2
- 2,5

- 0,4

3M

1Y

2Y

5Y

7Y

10Y

20Y

30Y

3M

1Y

2Y

5Y

7Y

10Y

20Y

30Y

The third and last step is to index these scenarios on the outcomes of the econometric model
built in section 4.2. The idea is to enhance the consistency of the model by matching the
outcomes of the EUR3M model with the calibration of the scenarios concerning the yield curve.
For that matter, the starting point of the yield curve is the projected EUR3M from the
econometric model. By mixing these two models, the yield curves associated with these
different scenarios would allow the projection of the yield curve at different point in time from
2015 to 2017:
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Indexing yield curves with projected EURIBOR 3-month
1,5

Projections of the EUR3M
1,4
1,3
1,2
1,1
1,0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0
Q1 2014 Q2 2014 Q3 2014 Q4 2014

Q1 2015 Q2 2015

Q3 2015 Q4 2015 Q1 2016 Q2 2016 Q3 2016 Q4 2016

Q1 2017 Q2 2017 Q3 2017 Q4 2017

Therefore, this methodology allows the computation of the IRRBB indicators (meaning the
Economic Value of Equity and the Earnings At Risk) at the different projected times.

4.4. Computing and measuring the IRRBB indicators
Traditionally within the industry, two market practices are used to compute the level of the
IRRBB and the sensitivity of the balance sheet and net income with regards to changes in
interest rates. These two measures are the Economic Value of Equity (EVE) and the Earningsat-risk (EAR). Recently, multiple discussions were held between industry professionals and
prudential authorities around a framework that accurately measures the IRRBB, meaning which
of these measures should be use and implemented in order to capture the IRRBB sensitivity and
cover it with adequate capital cushion.
The following section aims are computing both measures (EAR and EVE) on a real balance
sheet and quantify the impact of changes in interest rates (based on the scenarios discussed in
the previous sections) on these measures. The framework to compute these measure will aim to
be in accordance, as much as possible, with the latest discussions on the IRRBB and more
specifically on the latest consultative paper issued by the BCBS in June 2015.
4.4.1. Background on IRRBB and on the latest discussions

Amongst market practices, financial institutions usually use an earnings based approach to
measure and capture the IRRBB. The first discussions around this topic revealed the intent of
prudential to develop a framework based on an economic value of the balance sheet to
determine the capital requirements for the IRRBB. The intent of the BCBS was to both make
sure that financial institutions are adequately covered especially in near-zero level interest rates
(driven by expansionary monetary policy with the use of unconventional tools to drive long
interest rates down) and avoid arbitrage between the banking and the trading book (this is in
line with the intent of Fundamental Review of the Trading Book).
Following multiple discussions, the BCBS issued a consultative papers on potential approaches
that could be used for the IRRBB measurement. The BCBS acknowledges that a hybrid method
(based on both the EVE and the EAR) would be more adequate to the IRRBB framework.
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Consequently, the BCBS states that financial institutions must be able to measure both
indicators (Financial institutions “should be capable of measuring interest rate risk using both
earnings and economic value approaches”). Therefore, within this section, a detailed
framework is constructed around calculating and measuring both indicators. More importantly,
the interpretation around the evolution of both indicators is key to better understand how these
two measures evolve and how they work together to better capture the IRRBB.
4.4.2. Importance of behavioral models

The IRRBB is by nature a difficult component to be measured. Indeed, changes in interest rates
affect the value of instruments from both the discounting item as well as from changes in cash
flows. The later aspect is key since the changes in cash flows are driven by both the
characteristics of instruments (variable rate loans are affected at the repricing date generating
changes in cash flows) and behavioral changes from customers. The later point reflects how
changes in interest rate affect the behavior of the customers that materializes in changes in
strategies such as reducing savings, increasing consumption and investing. The behavioral
changes are driven through multiple channels as discussed earlier (wealth effect, cost of
funding, etc.). These behavioral changes affect cash flows (both inflows and outflows) and
therefore would generate and impact on both EVE and EAR.
Consequently, building a comprehensive framework means taking into consideration all these
aspects. The study developed here does not pretend to capture all behavioral aspects. However,
it rather focuses on major behavioral changes such as prepayment on mortgage loans and
changes in savings for non-maturing deposits, regulated deposit accounts, etc.
To better describe the importance of changes in customer’s behavior an analysis has been
performed on French Savings on Livret A. This regulated deposit account has proven to be
sensitive to changes in volumes related to changes in remuneration rate. The method for
computing the remuneration rate is indexed on the level of inflation which in turn depends on
the overall state of the economy.
Livret A – Evolution of volumes of deposits in conjunction with changes in remuneration
rate
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The blue series represents the flow of deposits. This curve is derived from the real flow of
deposits by using a 12 month window moving average filter with the intent to eliminate high
volatility related to seasonality as observed in the real curve. When the trend of the curve is
upwards this means that the stock of deposits increases. When the slope of the curve is
downwards but the level is still positive, this means that the speed at which the stock of deposits
increases is slowing down. When the curve is negative, this means that the stock of deposits is
decreasing and that outflows related to deposit withdrawal are to be anticipated.
The graph above shows that the evolution of the stock of deposits is directly linked with the
evolution of the remuneration rate. Technically, a decrease in the remuneration rate is
associated with a negative slope in the flow curve which shows a decrease in the speed at which
the stock increases (deceleration) or a decrease in the stock of deposits. Plus, the graph shows
changes in the behavior of customers where the sensitivity of the blue curve is higher in recent
times. This could be explained by the fact that the lower the remuneration rate is , the more
sensitive the flow of deposits is to any changes in the remuneration rate. This is shown over the
period from October 2010 to October 2014.
Behavioral models are not the focus of the white paper. However, they have been directly
included in the cash flow projection while computing the EVE and EAR indicator.

4.4.3. EVE and EAR framework and methodology

To compute EVE and EAR engines have been built based on the following methodology and
framework:
Methodology to compute EVE and EAR indicators

Off BS
items

Liabilities

Assets

1

Balance Sheet Items
and stock to date

•
•
•
•
•
•
•
•
•
•

Commercial loans
Mortgage loans
Revolving loans
Personal loans
Equipement loans
Leasing
Depo. Centralisaiton
Investment portfolio
Securities and Bonds
Other Banking book
assets

•
•
•
•
•
•
•
•

Non Maturing deposits
Regulated deposits
Term deposits
Covered Bond
Senior unsecured Debt
Subordinated debt
Repos
Other Banking Book
liabilities

• Credit and liquidity lines
• Banking Book
derivatives

2

Cash Flow projection – for each MC
simulation
• Fixed Rate loans
o Contractual cash flows at
contract rate
o Prepayment models integrated
• Variable rate loans
o Full repricing based on the
evolution of the index at the
repricing date
o Constructing amortization table
for each deal and each MC
simulation
o Prepayment models integrated
• Bonds
o No consideration of an
optionality model in the cash
flow projection
• Deposits
o Models to project cash flows
based on historical data.
Calibration of retention rate
model
o Taking into consideration the
volatility portion of deposits and
the sticky portion of deposits
o Full repricing of cash flows based
on interest rates evolution
• Liquidity lines
o Consideration of draw-down
models to project cash flows
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3

Cash Flow discounting – for each MC
simulation and Yield curve scenario
• Yield curve scenarios
o Consideration of all possible
scenarios of potential changes in
the term structure of the yield
curve
o All yield curve scenarios are
associated with Monte Carlo
simulation to project
EURIBOR3M
o Therefore, for each scenario,
1000 discount factors are
computed and applied to cash
flows
• Discouting
o Continuous discounting formula
used
o Applied for all cash flows arising
till maturity
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Framework to compute EVE and EAR indicators

Off BS
items

Liabilities

Assets

1

•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

Balance Sheet Items
and stock to date

Commercial loans
Mortgage loans
Revolving loans
Personal loans
Equipement loans
Leasing
Depo. Centralisaiton
Investment portfolio
Securities and Bonds
Other Banking book
assets

Non Maturing deposits
Regulated deposits
Term deposits
Covered Bond
Senior unsecured Debt
Subordinated debt
Repos
Other Banking Book
liabilities

• Credit and liquidity lines
• Banking Book
derivatives

2

Cash Flow projection – for each MC
simulation

3

Cash Flow discounting – for
each MC simulation and Yield
curve scenario

4

EVE / EAR Engines

Yield Curve scenarios
generator

EURIBOR3M model
EUR3M central projections

Yield curve scenarios
(steepening, flattening,
inversion, …)

Monte Carlo Simulation
Engine
EUR3M Monte Carlo Simulation
(1000 simulations)

Yield Curve indexing to
the EUR3M for each
simulation
Yield curve evolution
for each EUR3M
simulation and Yield
curve scenario

Repricing engine for
variable rate
instruments
Fully repriced cash flows for variable
rate instruments

EVE calculation –
VaR based
approach

EAR calculation –
VaR based
approach

Discounting factors
calculation
Discount factors

Cash Flow engine for all
instruments (fixed and
variable rate)

Cash flow discounting
engine

Iterative process to compute cash
flows at each date over the three
year projection horizon (2015 ->
2017)

The methodology and the framework are constructed around 4 major steps:
In Step 1, the purpose is to gather all balance sheet items relevant for the IRRBB calculations.
For instance, as shown above and in line with the BCBS consultative paper, equity has not been
considered a tangible assets. Interest-bearing items have been considered for the purpose of this
framework. As described earlier, two distinct balance sheet structures have been considered by
taking identical balance sheet items but with different distribution of fixed versus floating
interest bearing items. This allows the analysis of how the IRRBB metrics would behave for
two distinct banks.
In Step 2, the purpose is to project short term interest rates by generating Monte Carlo
Simulations (refer to section 4.2.5). The index considered is the EURIBOR 3M. Therefore, all
floating rate instruments are assumed to be indexed on the EUR3M. This simplifying
assumption could have been based on another index (such as EUR 6M or LIBOR, etc.). Once
short term rates have been projected, all floating rate instruments are fully repriced for each
scenario of the Monte Carlo Simulation. For instance, for a floating rate loan, the amortization
table is built based on the new value of the index, and the principal and interest coupon is
computed at each time bucket. Then, for fixed rate instruments, a change in the EUR3M does
not affect the cash flow (but rather the present value of the cash flows). At this stage, cash flows
are only projected and are not discounted. Based on the additivity principle of cash flows, the
cash flows are summed at each time bucket to provide a short or long position. Therefore, for
each scenario, cash flows are computed and aggregated.
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In step 3, based on the yield curve model developed in section 4.3.3, all cash flows are
discounted based on different shifts and twists in the yield curve. Indeed, as described above,
different scenarios of the yield curve have been designed. These would be applied to compute
the present value of the cash flows.
In step 4, the IRRBB metrics are computed for each Monte Carlo simulation and yield curve
scenario.
This framework has been fully applied on two banks that have the same total assets but two
different structure of the balance sheets.
4.4.4. Computing EVE and EAR

Recall that the framework is applied on two banks with different balance sheet structures. The
size of the balance sheet is identical for both banks (120 €Billion of total assets) which will
allow to compare more accurately the changes in the IRRBB metrics and the sensitivity of the
portfolios to the different scenarios of the interest rates. The structure of the balance sheets is
as follows:

As shown in the exhibits above the structure of the balance sheet is similar on the asset side.
However, on the liability side, Bank A has a higher portion of its items with a floating rate.
Based on the structure of the two balance sheets, one would expect that Bank B has a higher
sensitivity to hikes in interest rates since it would impact the cost of funding knowing that a
higher portion of the liabilities is at a floating rate in comparison to Bank A.
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For these two banks, the IRRBB metrics have been computed over the projection horizon.
Indeed, assuming a semi-dynamic balance sheet structure (the structure of the balance sheet is
assumed to be constant over the projection horizon), as interest rates have been projected,
reference EVE (iW ) has been computed (reference EVE is the economic value of the balance
sheet under current market conditions) as well as forward EVE for each Monte Carlo simulation
I and yield curve scenario j and each projection horizon t (ig,j ()). Therefore, for each
projection horizon t (  ∈ 2l + 1 ; l  103, Q referring to the end of the current quarter.
Therefore, forward EVE is computed over a 10 quarter horizon). An identical process has been
applied on the EAR.
Below is presented the distribution of the EVE at time Q+1 for both banks and for each Monte
Carlo simulation and each yield curve scenario:

First, for Bank A, iW is 8.6 €Billion. Around the reference EVE, the distributions of the
forward EVE are plotted. The findings are:
- As the yield curve steepens, the EVE decreases. On the contrary, when the yield curve
flattens, the EVE increases;
- The sensitivity of the EVE is higher when the yield curve steepens in comparison to
when it flattens. Indeed, in comparison to reference EVE, the distribution of the EVE at
time Q+1 is much lower for the steepening scenarios than it is higher for the flattening
scenarios. In other words, the absolute distance between reference EVE and EVE(Q+1)
is higher for the steepening scenarios than it is for the flattening scenarios showing a
high sensitivity of the balance sheet to any increase in the term structure of the yield
curve;
- No overlap is observable between the 4 distributions of the EVE when the yield curve
steepens. One interpretation for that effect is that the EVE, for Bank A, is more sensitive
to the yield curve scenario (in this case the steepening scenario) rather than the volatility
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of short term rates (or the index for floating rate instruments). This is most probably
related to the structure of the balance sheet because for Bank B, it is the opposite.

Second, for Bank B, iW is 8.3 €Billion which is close the reference EVE of Bank A. Indeed,
this is related to the fact that Bank A and Bank B have similar balance sheet items with identical
balance sheet size. This allows to better explain the differences in the IRRBB metrics. The
findings are:
- The EVE decreases when the yield curve increases (this result is similar to Bank A);
- In a similar way, the sensitivity of the EVE is higher when the yield curve steepens in
comparison to when it flattens. This sensitivity, at Q+1 at least, is very close to Bank A.
Indeed, the distance between reference EVE and EVE(Q+1) is very close between the
two banks for each yield curve scenario;
- The distributions present overlaps with each other. Indeed, in comparison to Bank A,
Bank B’s EVE distributions present fat tails and higher variance. This higher variance
is a reflection of higher sensitivity of the EVE to any changes in the short term interest
rates or the index. Indeed, as the index changes the liability side of the balance sheet is
impacted more heavily for bank B than bank A due to the portion of items at floating
rate.
Forward EVEs have been computed over the entire projection horizon (till Q+10) for the two
banks. The results are presented below for two scenarios (flattening scenario with maximum
amplitude and steepening scenario with maximum amplitude):

46

© Global Research & Analytics Dept.| 2015 | All rights reserved

The findings are:
- First, EVE decreases with the increasing interest rates for both scenarios (the structure
of the balance sheet is assumed constant) and for both banks. This means that when
interest rates rise, the Economic Value is impacted downward. This phenomena is
similar to a bond price whereas the price is inversely linked with interest rates. As
interest rates rise, the price of the bond decreases, and the bond is selling at a discount;
- Second, the comparison of the forward EVE for the two banks is interesting for two
reasons. Concerning the first reason, at each projection horizon, the distribution of the
forward EVE shows a higher dispersion for Bank B in comparison to Bank A. This is
evidenced by the box plots which are wider at each point in the future for Bank B.
Second, not only the dispersion (or the volatility of the EVE at a certain point in time)
is higher for Bank B but the speed at which it decreases as well. Indeed, as shown in the
graph below, the average forward EVE at each time in the future evolves as follow for
the two banks:
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Concerning the second reason, at each point in time, the dispersion of the forward EVE
is higher for Bank B. This dispersion is a reflection of the sensitivity of the portfolio to
any changes in the index and therefore a sensitivity of the portfolio to the repricing risk.
The repricing risk is therefore higher for Bank B as evidenced by the dispersion that
increases with the increasing index.
For the EAR, the same analysis have been performed. The results are as follows:
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The findings are:
- First, for Bank A, Forward EAR increases with the increasing interest rates. The
explanation for that phenomena is that, when interest rates increase and considering the
balance sheet structure of Bank A, net earnings increase as the interest income increases
at a higher speed than interest expenses. This metric evolves on the opposite side in
comparison to the forward EVE. This shows two major points. First, many specialists
argue that it is beneficial for banks to see interest rates rise as they expect the net interest
margin to increase as well. This means that bankers deal with interest rate risk from an
earnings perspective rather than economic value perspective as earnings directly impact
banks’ margins and profits. Second, as EVE and EAR evolve in different directions for
Bank A, and based on the IRRBB framework as proposed by the Basel Committee, one
possible explanation for that is that Bank A’s earnings increase to the detriment of an
increasing interest rate risk as evidenced by the decrease in the EVE;
-

Second, for Bank B, Forward EAR decreases with the increasing interest rates. The
structure of Bank B’s balance sheet shows that as interest rate increases, interest
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expenses increases at a higher pace than interest income because a bigger portion of the
liability side of the balance sheet is at a floating rate. Therefore, for Bank B, EVE and
EAR evolve in the same direction.
4.4.5. IRRBB Capital Charge under current regulatory framework

Multiple discussions between financial institutions and banks are being held around a potential
capital charge for IRRBB similarly to the capital charge for instruments held in the trading book
under the market risk framework. In its consultative paper of June 2015, the Basel Committee
specifies that “The Committee is proposing changes to the regulatory capital treatment and
supervision of IRRBB for two reasons. First, to help ensure that banks have appropriate capital
to cover potential losses from exposures to changes in interest rates. This is particularly
important in the light of the current exceptionally low interest rates. Second, to limit incentives
for capital arbitrage between the trading book and the banking book, as well as between
banking book portfolios that are subject to different accounting treatments. This is particularly
important given the enhancements to the capital treatment of positions in the trading book,
including the Committee’s ongoing Fundamental Review of the Trading Book (FRTB).”.
Under this framework, different approaches are proposed to measure and quantify IRRBB risk
and cover it adequately. The Committee proposes a pillar I approach as well as an enhancement
of the pillar II approach. For the purpose of the simulation performed within this white paper,
only the pillar I approach has been considered. Indeed, a pillar I capital charge for IRRBB could
lead to a significant increase in the regulatory capital and therefore deteriorate banks’
profitability and Return On Equity.
The purpose of this section is to provide a first measure of what could be the impact on bank’s
capital if the pillar I approach, as described in the consultative paper, is used as is. The impact
simulations are computed on Bank A and Bank B and a comparison between the results is
provided.
Option 1 under the pillar I approach, is a pure EVE measure. Indeed, for each currency, it is the
maximum decrease in the EVE that contributes to determine the capital charge:
s

s

rtC

rtC

∆ig,n = o QpW,n q!. IpW,n r ! − o Qpg,n q!. Ipg,n r ! + uSg,n

Where the first term is the reference EVE and the second term is the EVE under the different
scenarios (CF refers to cash flows and DF refers to discounted factors). The third term refers to
the automatic interest rate option risk.
Under the pure EVE capital charge approach, the formula for computing the capital charge is:

Where i refers to the different scenarios and c the currency. For the purposes of our simulations,
only one currency has been considered, the Euro.
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Option 2 under the pillar 1 approach, is a mix between the sensitivity of the EVE and the EAR,
the highest being considered as the capital charge.

Based on the calculation of the EVE and EAR in the framework, the pillar I capital charge has
been computed under these two options. The results are:
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The findings are:
- First, under option 1, the increase in the capital charge is significant for both banks.
However, the increase in time for B is much higher which is a reflection of the sensitivity
of the EVE with the increasing interest rates for this bank;
-

Second, under option 2, the sensitivity of the EAR for all scenarios and both banks is
lower than the EVE. Therefore, it seems that the EVE presents higher sensitivity to
changes in interest rates than the EAR measure (at least under our current framework).
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Conclusion
In a context of an expansionary monetary policy, where interest rates have reached all time low,
many argue that interest rate risk in the banking book is a grown concern for financial
institutions. For that matter, regulators are working on a proposal to enhance managing IRRBB.
Yet, IRRBB is a multi-dimensional type of risk that is particularly tied to the business model
and the jurisdiction where financial institutions operate. Therefore, the current framework,
proposed in this white paper, allows to better capture some of the dimensions of IRRBB. Indeed,
it allows, based on a projection of short interest rates to better capture repricing risk. It also
provides a methodology to calibrate different scenarios for the term structure of the yield curve.
Finally, it allows to project IRRBB metrics such as the EVE and EAR and hence allows to
better understand bank’s risk profile and its evolution under changing market conditions.
Indeed, as shown above, banks could deal with an increased pressure on capital, especially
when interest rates will rise again.
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