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ABSTRACT: The Basel Committee reviewed the capital framework to ensure a more resilient
banking sector. This revision, the “Fundamental Review of the Trading Book (FRTB)”
prescribes loose guidance for calculating the Default Risk Charge (DRC). To fulfill regulations,
banks must recognize and validate the impact of correlations between defaults and among
obligors, including the effect on correlations of periods of stress.

In this work we compare

correlations from equity prices and from credit spreads, analyzing the differences on the
correlation estimate. The conclusions help to a better understanding of the suitability of each
input when implementing this new regulatory requirement.
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1. Introduction
The risk assumption is inherent to the banking business. On a daily basis, banks assume risks
that might materialize into losses. Financial regulators require banks to hold capital1 (defined
as the difference between a bank´s assets and liabilities) to improve their resilience and
protection against financial losses and to ensures a safe and sound financial system. During
financial crises or market shocks´, banks’ capital also serves as a buffer against losses from
market price movements.

The recent Great Financial Crisis2 revealed several fragilities in the financial system and its
regulatory mechanisms. In particular, the prudential regulation failed to prevent the collapse
of several financial institutions3. The Basel Committee conducted a review of the regulation to
understand “what went wrong”. Basel II agreements4, published by the Basel Committee on
Banking Supervision (BCBS 2006), underestimated the risks linked to the trading book despite the committee being aware of the banks’ trading book risks (Lall, 2009). Specifically,
this underestimation of risk became evident as larger banks were lacking capital to absorb
trading and credit losses (BSBS, 2013). The reason for this risk underestimation can be
explained by the fact that Basell II regulation allowed banks to use their own Value-at-Risk
(VaR) models to determine capital charges, while these types of models had already during
the late 1990s underestimated the probability of extreme events (BSBS, 2009). The recent

1 FED (2013)
2 Orphanides (2010)
3

Bear Stearns was acquired by JPMorgan Chase (JPMC) in a transaction assisted by the Federal
Reserve Bank of New York (FRBNY). Lehman Brothers filed for bankruptcy. Citigroup and Bank of
America sought specific support programs protecting against losses. Weinberg (2013).
4 Basel II: International Convergence of Capital Measurement and Capital Standards: a Revised
Framework
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Great Financial Crisis showed that the banks were not solvent, proving that capital was not
sufficient to absorb losses (European Commission, 2013).
With the purpose of amending existing regulations the Basel Committee published in 2013,
the Fundamental review of the trading book: A revised market risk framework (BSBS, 2013).
The main areas subject to the review were: firstly, the definition and limitation of the regulatory
boundary between the trading book and banking book. Secondly, the treatment of the creditrelated products; this category includes the securitization and the non-securitization
exposures in addition to the Credit Valuation Adjustments (CVA) charges. Thirdly, the
approach of risk measuring for minimum capital requirements through two main reforms;
stressed calibration and move from Value-at-Risk (VaR) to Expected Shortfall (ES) (BSBS,
2015).

The Fundamental Review of the Trading Book (FRTB), published in January 2016 (BSBS,
2016), is the final version describing the revised minimum capital requirements for market risk.
This regulation is applicable to the standardized approach, while at the same time also
introduces new standards under the Internal Model Approach (IMA). Moreover, the FRTB is a
methodology more aligned with banks' risk management, because it is risk sensitive and
incorporates market risk factors and heading concepts in its calculations. The FRTB also
defines how banks measure the trading losses (it relies on the banks’ pricing models) (BSBS,
2016).

One of the regulatory changes is dedicated to the Default Risk Charge (DRC), which intend to
substitute the Incremental Risk Charge5 (IRC) and capture jump-to-default (JTD) risk being

5 The incremental risk charge (IRC) is a regulatory requirement from the Basel Committee. It
complements the existing Value-at-Risk (VaR) and captures the loss due to default and migration
events at a 99.9% confidence level over a one-year capital horizon.
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disregarded by credit spread shocks under the sensitivities-based method. The DRC has
delayed due to covid-19 and it is expected to affect banks capital calculation by 2025, when
the new BCBS capital requirements come into effect (BSBS, 2019).
One of the biggest methodological changes in the FRTB regulation is the use of a two-factor
default simulation model in the internal model approach for DRC, whereas previous
regulations on the incremental risk charge (IRC) were not specific on the number of factors.
Moreover, FRTB presents detailed specification on the empirical data used to calibrate the
model. The data used to calibrate the model must include either volatility on equity returns or
credit spreads that cover a period of at least ten years (BSBS1; 2019).

Wilkens & Predescu (2017) and Glasserman and Xu (2014) remark the relevance of a further
study of the FRTB model as the banking industry needs to prepare for this change. In
particular, one important source of DRC variability can be found in the type of data used by
the model as it could originate disparities among correlation matrices (Laurent et al. 2015).
Across the literature, it is widely study the behavior, effects and differences between stock
returns and bond spreads; for example Campbell & Taksler, (2003) prove how in the late
1990s, US stocks and corporate bond markets did not display an intuitive behavior relative to
each other: as a strong rise in stock prices, tend to be followed by rises in yields – this shows
that the optimism of the equity market was not shared by bond investors. Also, the sensitivity
of CDS spreads to prior stock price movements is stronger for lower-grade entities (Norden &
Weber, 2009). Additionally, Marsh & Wagner, (2012) show how equity returns lead CDS
returns, with the CDS respond to positive news being delayed. In addition, literature confirms
that the correlation between changes in equity prices and bond yields can differ across time
and country (Sangbae et Francis; 2005). In fact, Yongjun and Yan (2008) prove that the during
economic expansions, those firms with high cash flow betas display a lower credit spreads
that those with low cash flow betas and this relationship seem to reverse in economic
recessions.

Finally, bond prices can also reflect private companies and governments
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institutions which undoubtfully will affect the calculation of factors and the default correlation
matrix.
In conclusion, the above differences impact in the data usage could lead financial institutions
to take arbitrary choices regarding the calibration of the default correlation structure and
defaulting the comparison among institutions (Laurent et al, 2015). The aim of this paper is to
analyze the potential impact that the usage of each equity or credit spread can have in the risk
model giving answers to authors as Laurent et al. (2015) who express the importance of a
comparative analysis of the FRTB model implementation. For the comparison purposes, in
this document we use a student-t copula where the two types of factors represent an issuer’s
region and industrial sector. We focus on the estimation of the correlation structure and the
number of degrees of freedom of the student-t distribution from credit spreads and equity
prices. Finally, we perform a comparison of the results obtained from credit spread and equity
prices data which clarifies the implications that the usage of different data can have. The
correlation is estimated using a Kendall’s rank correlation technique, while the degrees of
freedom are estimated using a maximum likelihood estimation (MLE) method.
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2. Theoretical framework
Market risk can be defined as the risk that a change in the level of one or more market prices,
rates, indices, implied volatilities, correlations or other market factors, such as market liquidity,
will result in losses for a position or portfolio (SEC, 2014). Banks incur in market risk as
consequence of their own trading activities or facilitating the market access to their customer.

Banks are required to capitalize market risk, and the required amount can be determined either
by a standardized methodology provided by the regulator (also called standardized approach)
or via an internal model (created by the bank and approved by the regulator). When a bank
applies for the internal model to calculate the capital of its trading desk, it needs to follow the
DRC requirements (BSBS, 2019).

As mentioned in the introduction, DRC needs to be based on credit spreads or listed equity
prices. The regulation 6 states that banks must have clear policies and procedures that
describe the correlation calibration process, documenting in which cases they used credit
spreads or equity prices. We understand this regulatory definition of the trading desk is open
to the fact that equity and credit instruments can be traded in the same desk, which leaves
open the question of what prices (equity or credit spreads) are more suitable for the risk
measurement. The default risk charge (DRC) replaces the IRC and it is the regulation we take
in this paper as reference in this paper to compare the risk calculations impact of using Credit
or Equity data. DRC has been incorporated into the trading book capital regime as a way to
protect the banks from credit risk related products and often illiquid products whose risk is not

6 (Bank for International Settlements, 2019) MAR33- Internal models approach: capital requirements
calculation
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reflected in VaR. Under FRTB (BSBS 2012, 2013, 2015) it is prescribed the use of a twofactor default simulation model in the internal model approach for DRC.

The regulation establishes the specifications of how the risk factor volatilities and correlations
under DRC in FRTB should be calculated. Firstly it is defined that default correlations must be
based on data covering a period of at least 10 years. Secondly, it is established that the
horizon must include a period of stress. Thirdly it is defined the liquidity horizon as the
estimation must be based on a one-year liquidity horizon. Fourthly It is defined that default risk
charge model must recognize the impact of correlations between defaults and among obligors,
including the effect on correlations of periods of stress. Banks must also validate their
modeling approach for these correlations is appropriate for its portfolio, including the choice
and weights of its systematic risk factors. Finally data used to calibrate the model must be
either equity prices or credit spreads that cover a period of at least ten years (BSBS 1; 2019).

The stock and bond markets are closely related and the covariation between stock prices and
bond yields is an indicator of the factors driving the financial markets. Moreover, the
relationship between prices of bonds and equity is not stable and it can differ across country
and time (Sangbae et al., 2005). The changes over the relationship between changes in stock
prices and bonds spread can be explained as returns of the different assets are driven by
different factors. In fact, authors as Campbell and Ammer (1993) prove that the low correlation
between excess stock and bond returns can be explained by the main factors that influence
their prices; while stock prices are mostly driven by the expectations on future stock returns,
bond returns are affected primarily by the news about inflation rates. Fama and French (1993)
also state that while stock-market prices are more related to overall market prices, the firm
size and book-to-market equity, bond prices are more influenced by maturity and default risk.
Recently Fan and Mitchell (2017) state that despite the equity-bond correlation has been
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negative since the early 2000s nothing can state this correlation will be enduring. In effect,
when the authors examine data going back to 1870s they find that the equity-bond correlation
is highly dynamic and has gone through prolonged periods of positive correlation. Other
authors as Hull et al. (2005) focus in the risk premium for non-investment grade bonds which
are affected by the compensation for the no diversifiable risks being born by bondholders.
While looking at investment grade bonds Hull et al. (2005) find more difficult to explain their
premiums and between them they distinguish factors as contagion or liquidity risk.

Regulation might allow financial innovations for capital arbitrage that need to be monitored
closely (Jones, 2000). For this reason an empirical application of the FRTB regulation and
more in particular a small simulation within the DRC implementation, allow us; firstly to
examine in a quantitative way the true economic risks of the usage of equity prices or bond
spreads. Across the literature it has been analyzed the pricing errors in corporate for large
bonds (Eom et al., 2004), as theoretical determinants, (namely firm-level equity return
volatility and jumps, on the level of credit spreads in the credit default swap) can have an effect
that varies across time being affected even by lagged structural explanatory variables (Zhang
et al 2005). Secondly to analyze how the different factors of the of equity and bonds returns
can translate into risk measurement and the estimation of probability to default.

In this paper we undertake a description and quantitative analysis of a potential model and
procedure to calculate the impact of correlations between defaults among obligors. The goal
is to be able to provide a comparative analysis of risk factors to assess the relevance of using
equity versus credit data. Following Laurent et al. (2015) we only focus on the correlation part
of the modeling.
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One of the Basel II objectives was to address the trading book risk. During the financial crisis,
the majority of Banks’ losses in their trading books were significantly higher than the minimum
capital requirements 7 . As a response, the Basel Committee on Banking Supervision
complemented the existing value-at-risk based trading book framework with an incremental
risk capital charge8 also known as IRC (BSBS, 2019).

As previously indicated, the financial crisis evidenced flaws in the framework to capitalize
trading activities. Banks did not hold enough capital to absorb losses from their trading book
exposures. In the package measures introduced as part of the “Basel II.5”, the Committee
initiated a fundamental review of the trading book regime, beginning with an assessment of
“what went wrong”. This generated a review of the trading book regiment which ended up in
the Fundamental review of the trading book: A revised market risk framework (BSBS, 2013);
also known as FRTB.

3. Empirical Analyses
In this analysis we follow the Internal Model Approach (IMA) applicability under FRTB. The
Article 104(1) of the Capital Requirements Regulation (CRR) establishes that institutions
which follow this approach must have clearly defined guidelines and procedures in place to
determine which positions are included in the trading book. Determined by the Article 4(1)(86)
of the CRR, the “trading book” consists of “all positions in financial instruments and
commodities held by an institution either with trading intent, or in order to hedge positions held

7

Under the former Pillar 1 market risk rules

8

The Committee therefore requires banks to calculate a stressed value-at-risk taking into account a
one-year observation period relating to significant losses, which must be calculated in addition to the
value-at-risk based on the most recent one-year observation period. The additional stressed value-atrisk requirement will also help reduce the procyclicality of the minimum capital requirements for
market risk.
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with trading intent.” Based on the prior definition, the European Central Bank (ECB) considers 9
the following type of instruments and transactions to be included in the trading book;
instruments in the correlation trading portfolio, instruments resulting from securities
underwriting commitments, instruments held as accounting trading assets or liabilities (“held
for trading” assets and liabilities), instruments resulting from market-making activities, listed
equities (other than equity investment funds), trading-related repo-style transactions (repostyle transactions that are entered into for liquidity management purposes and are valued at
accrual for accounting purposes, are not presumed to be trading-related), instruments that
would give rise to net short risk positions for equity risk or credit risk in the banking book, and
options including bifurcated embedded derivatives from instruments issued out of the banking
book that relate to credit or equity risk.

Correspondingly the ECB considers that the following types of positions and instruments are
expected to be included in the banking book: unlisted equities, instruments designated for
securitization warehousing, real estate holdings, retail credit and credit to small and mediumsized enterprises (SMEs), other types of credit, equity investments in a fund for which the
institution cannot obtain liquid prices, derivative instruments 10and instruments held for the
purpose of hedging11.

Additionally to the above mentioned considerations, for the products inside internal model, the
regulation stipulates that DRC can only be calculated for instruments subject to default risk,

9 ECB guide to internal models Risk-type-specific chapters (2018).

10 To see the limits and specifications of hedging please refer to the paragraph 9 ECB guide to internal
Models Risk-type-specific chapters (2018).
11 To see the limits and specifications of hedging please refer to the paragraph 9 ECB guide to internal
Models Risk-type-specific chapters (2018).
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namely: Non-securitization portfolios, Securitization portfolio (non-correlation trading portfolio,
or non-CTP) and Securitization (correlation trading portfolio, or CTP) (BIS, 2016).

Variables
Within the FRTB for DRC calculation, banks must use a two-factor default simulation model
with default correlations based on credit spreads or listed equity prices (BSBS, 2012, 2013).
We have chosen the listed equity prices and credit leaving unchanged the two factors: Region
and Sector. We cover the period 2008 to 2020 where we consider as the stress period the
Great Financial Crisis.

Selection of the dependent variable
This study uses data on equity prices and credit spreads on different issuers. In the first place,
for the credit spreads we consider the daily credit spreads with a maturity of 5 years calculated
from CDS quotes from different sources. The data set contains 206 credit issuers and covers
a period from March 2008 to September 2019. To ensure that times series correspond to liquid
issuers and thus are representative of credit quality of the issuers rather than market frictions,
for each observation, only issuers that have at least a composite depth greater or equal to 3
in at least one out of the last seven days are considered. Moreover, to reduce the noise present
in the daily credit spreads time series, weekly observations are used from January 2008 to
December 2020 (i.e., the most recent 12 years of observed data).

Regarding equity, we consider the daily weekly quotients of the listed names selected from
the credit spread selection. Aligned with credit data we have a total of 206 issuers and we
cover a period from January 2008 to December 2020.

An existing difference between the two samples lies in the fact that credit spread data can
capture the Public sector and non-listed companies not available for the equity data.
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Insert table 1 and 2 about here

Sample Selection
In order to analyze the empirical simulation of the DRC, this study uses market data on credit
spreads and equity quotients on different issuers. With the purpose of have a representative
sample of all sectors and regions, we select issues classified by the Bloomberg Industry
Classification Systems (BICS) in the different categories. the securities data issuers are
selected from a financial information and services database . We have selected 206 issuers
have been divided per sectors and regions as it is reflected in Table 1. Within the World region
category we have considered issuers belong to the following countries; Oceania, Middle East,
Latin. America, Africa, India, Asia and Offshore. The sectors Basic Materials, Consumer
Goods, Consumer Services, Energy, Financials, Healthcare, Industrials, Technology ,
Telecommunications and Utilities

Factors Selection
As defined in the regulation, banks using the internal model approach to calculate DRC must
use a two-factor default simulation model (BSBS, 2013). Looking at the literature we can
identify several factors that can highlight a relationship with the default risk (Ohlson (1980);
Hillegeist et al (2004); Lev and Zarowin, 1999; Francis and Schipper, 1999; Brown et al.,
1999;Campbell et al (2004); Zhou, 2001; Dasetal, 2008). Attending at the variables the
different papers use to measure the default risk, we classify them into two main groups; the
first category focuses in the type of information used (Accounting Based, Market Based,
Macroeconomic and Mixed information -accounting and market). The second category look at
factors from the angle of the Perception of the different sources of risk (Idiosyncratic Risk and
Systematic risk).
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Due to the nature of our work we consider the second category of papers which look at
systematic, idiosyncratic risk factors. We focus mostly in the systematic risk factors, leaving
the idiosyncratic risk factors as a secondary risk component. Following Wilkens & Predescu
(2017) we select as factors the region and industry of each issuer. Across the literature authors
as Bonti et al (2005) identifies geographical regions as a systematic risk factor capable to
introduce default dependence into a credit portfolio model. Systematic risk can also be
explained by the Sector. In particular by variation in industry-specific factors (Schwaab et al.,
2016). Dynamics can vary between sectors, being more pronounced for the transportation and
energy, consumer goods, and retail and distribution industries(Schwaab et al., 2016). Recent
studies state how cross-country links and macroeconomic instabilities are known to influence
the time variation in corporate default rates (Schwaab et al., 2016) . Nationwide and/or region
effects have been identified in an attempt to capture default contagion risk ECB(2009).

Additionally we consider a common factor to all issuers, referred to as global.

The authors

Schwaab et al. (2016) verify the existence of a distinct world default risk. These authors find
that 18-26% of global default risk variation is systematic and it can reach a level between 3951% when the industry-specific variation is counted as systematic.

For the different issuers the sector is extracted from the Bloomberg Industry Classification
Systems (BICS) which is hierarchical classification based on the firms business activities. In
our analysis we only use the primary industry sector classification based on; Communications,
Consumer Goods (CONSGOODS), Consumer Services (CONSSERVICES), Energy,
Financials, Health care, Industrials, Materials, Technology and Utilities (Clemente et al, 2014).
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The Region is an internal classification based on the main location of the issuer. Each issuer
is allocated to one of the categories as per the subsequent rules; Europe if the issuer is
located in the Euro zone or Nordic region( Denmark, Iceland, Norway and Sweden). N.
America is associated to the continent geographical distribution. All the remaining countries
are assigned to the region World which comprises Asia , Oceania, East Europe, Africa, Supra,
Off Shore, Lat. America, Middle East, India and Caribbean.

Model description
To be compliant with regulatory requirements prescribing the use of a default model with two
types of systematic factors, the following model is assumed:
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. A global factor common to all obligors is also introduced. The joint distribution

of the factors is specified through a student-t copula, as it will be described more in details
later.
3.

=( ,

,…,

) is a random vector of idiosyncratic error terms, which are uncorrelated and

have mean 0. As for the systematic factors, a student-t copula is used to define the joint
distribution of the idiosyncratic factors.
4.

∈ R d×p is a matrix of constant factor loadings.

5. Cov (Z, ε) = E((Z − E(Z)) εt) = 0.
Using the above factor model allows to explain the dependence and randomness in the
components of a d-dimensional vector X in terms of a smaller set of common risk factors Z.
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The systematic risk Z is usually dominating, whereas the risk in the error terms, in other words
the idiosyncratic risk ,is partly mitigated by a diversification effect.
The joint distribution of the factors is defined via a copula model. In the specific, the vectors
,
(

have identical distribution function

,…,
(

(

),

), … ,

,and their copula

) that is the distribution of (

),

(

(

,

,…,

=

) follows a

), … ,

student-t. Copula have become popular tools among practitioners for modelling the joint
distribution of financial variables, see for example Li (2000) and Meucci, Gan, Lazanas and
Phelps (2007). An advantage of the copula technique compared to other modelling
approaches is that it easily allows to describe the dependency between random variables
independently on their marginal distribution, thus providing greater flexibility. For an overview
on the subject we refer to Brigo, Pallavicini, Torresetti (2010).

The model is in line with the model used in Wilkens & Predescu (2017), to which we refer to
for more details. Different approaches are possible, such as the one proposed by Laurent et
al. (2015) where the empirical correlation between the issuers is shrinked to the nearest
correlation matrix with a reduced number of factors chosen a priori. However, a disadvantage
of this model over the one considered in this paper is the interpretation of the factors to which
is not easy to attribute an economic meaning. On the contrary, the use of industry and region
factors is easier to understand as these are observable characteristics of the issuers.

In order to avoid multi-collinearity between the factors, a regression of the industry and region
factors on the common global factor is performed, which allows to write
,

Where

,

=

,

+

,

= 1, 2, … ,

are the factor residuals. We can therefore rewrite (1) as

=

+

. From now

on we will work with the factors residuals, rather than the residuals themselves. However, for
ease of notations, we will denote the factor residuals by

Confidential

,

rather than

,

.

Model calibration
One of the main objectives of this paper is the calibration of the copula model underlying the
factor dynamics, and the comparison between the calibration obtained by using equity prices
versus credit spreads. As the focus is not on the calibration methodology itself but rather on
the results of the comparison, we will here just give a brief overview of the chosen approach
without going too much into details.

The degrees of freedom of the student-t copula are estimated via a semi-parametric maximum
likelihood approach. This approach allows to distinguish between the copula parameters and
the nuisance parameters, the latter being treated non-parametrically via the empirical
cumulative distribution. The approach can thus be considered as a hybrid between the
parametric approach and the nonparametric one. We refer to Genest et al (1995) for more
details on the subject. The correlation matrix of the factors is estimated via a Kendall tau
estimation technique, which has the advantage of being dependent on the copula only and
not on the marginal distribution of the variables.

4. Discussion and results
Impact of outliers in Factors calculation.
In this paper we measure the correlation matrix of the risk factor Student-t copula using the
Kendall’s tau. Across the literature we find that Kendall’s tau is used for calculation of default
correlation and volatility correlation (El Ouadghiri et a, 2016, Luciano, 2005), this can be
explained due to the stability of this methodology and its robustness as an estimator for
correlations (Tchernitser & Rubisov, 2009). However, in our model to capture the dependence
between the issuers sectors and regions (with credit spreads or equity data) we firstly assign
all issuers to observable risk factors (region, sector and a common factor referred to as global).
This implies that we calculate the correlation of between the factors. For this reason we find
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pertinent to firstly do an analysis of how sensitivity the factors are to outliers in the credit
spreads or quotients. The purpose is to understand if those prices with higher volatility could
affect the factors and translate afterwards to the correlation. This first step would help us to
later understand and explain the impact the prices volatility in Credit Spread and equities can
have into the correlations.

To analyze the factor sensitivity we obtain a subsample for which we compare the factors
output with and without outliers12. By removing the outliers we ensure to facilitate the data
analysis as otherwise the distribution is skewed in the direction of the outliers. We can see
that this is applied in the literature with the aim to remove the impact of extreme values (Wu
et al, 2009; Golmohammadi et al, 2015).

For our subsample we select the components of the following indexes: Nasda100, Dow Jones
30 and OMX25 and STOXX 50. We cover the period 2008 to 2020. Additionally we make four
assumptions. Firstly, as some company can belong to more than one index, and to avoid
sectors or regions misrepresentation we only consider the company names one time.
Secondly as stock indexes can modify their composition across time, we maintain a static and
comparable sample. We fix the index components by May 2020. Consequence, of fixing the
different index components we encounter companies in our sample that can have missing
quotients in prior years as they might not be publicly traded. The third assumption is regarding
the volatility of equity prices as we remove all quotients reflecting a volatility higher than 20%
in a day. This is in line with the stock exchanges rules to handle “Circuit breakers” 13 in which
a stock with a volatility of 20% is halted till the day after (we accept then a stock could not
have a movement higher than a 20% up or down within a day).

12

We understand outliers as these observations which are outside the interval Average ± 3 Standard deviation.
https://www.nyse.com/publicdocs/nyse/NYSE_MWCB_FAQ.pdf and
https://www.nasdaqtrader.com/trader.aspx?id=CircuitBreaker

13
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Insert Figure 1 about here
Insert Figure 2 about here

By comparing the factors with and without outliers we can see how actually the outliers seem
to have a significant effect in the factor values. In fact as expected the range of the factors
narrows when we remove the outliers. This is observable mainly during the year 2008 where
from a maximum of 1.3864 in the Energy sector we move in the option without outliers to a
1.18. Also by removing the outliers the bigger difference is observed in the years 2008 while
for instance in the years 2016 the factors reduce but in a lower proportion. The factors which
seem to be more affected by the outliers are the Energy, Industrial, Financials and Global.

We verify that a higher volatility in prices can directly affect the factors value used for the
correlation estimation. This results especially justify the comparison of the equity or credit
spread data to see if a higher volatility in one of the products price could cause large
differences in the factors that justify differences in the correlations.

Factors
The factors are obtained through the factor model described above. The factors are
constructed out of observable data in the form of return of equity prices and credit spreads.
The factors represent the systematic risk factors, common to all issuers. In tables 2 and 3 we
can observe a summary of the statistics for the equity and credit data. In a quick overview we
can observe that there are significant discrepancies between the factors average values. In
general the equity average values are negative while the credit spreads ones are positive.
Looking at the Standard deviation per factors we observe that in general the standard
deviation seems to be larger for the credit spread data than in the case of equity.
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Insert tables 2 and 3 about here

Looking at the graphs 3 and 4 we can compare the factors of Equity and Credit Spread data
we can observe differences. Firstly the equity data factors seem to have flatter levels while
the credit spread have a more pronounced downtrend. Secondly despite the first difference
factors generated with both data share the same relative higher levels.

In the graph 3 we can observe the evolution across time of the factors for the different regions
and sectors. In a first look at the graph we can observe the three main periods in which the
volatility factors reach relatively high levels ( 2008, 2012/13 and 2015), mainly driven these by
the material sector.

Looking at the minimum levels, we can observe two periods with

substantial movement, in 2008 and in 2012.

The Industrial sector factor is the one with the largest volatility moving in an interval between
0.07 and -0.057. While the Global sector is the one with the lowest volatility, having a maximum
at 0.03 and a minimum of -0.038. Observing the regions the one with higher volatility is
N.Amer which presents a maximum of 0.066 and a minimum of -0.047. In contrast the region
with the lowest volatility is Europe with a maximum of 0.045 and a minimum of -0.043.

In the Graph 4 we can observe the Credit Spread Factors. The factors present relative
volatility across the studied period. There exist three main picks (2009, 2016 and 2020) with
an overall decreasing trend.
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In a first analysis we can observe that the absolute values of the credit spread factors are
smaller than in the case of the equities. This can be explained by the tendency of stocks to
present a higher volatility. The literature supports, this difference as the volatility changes for
the two assets - equity and credit- are not strongly related (Reily et al, 2000). The second
observable aspect is that in the case of the credit spreads is that while in the period around
2008 the ConsGoods seem to have been widely stressed, this trends is displayed in the 2020
by the ConsServ. This could be related to the effects of consumption-reducing forces during
the Great Recession (Petev et al, 2012) and the impact that Coronavirus’ might have on
service organizations. Also in the graph we can observe across the whole period a distinct
high level of the financial sector volatility. The other two lower picks are observable in the
Telecommunications and Materials sector.
Insert graph 3,4 about here

Correlation matrix
In Table 3 we can see the obtained correlation between regions and sectors for equity. In
general the correlation between sectors tend to be lower than the correlation between regions.
The correlation distribution seems to be in general on average low (0.022) while having a
significant maximum and a minimum levels of correlation (0.72 and -0.83). At first sight the
sector with the larger correlation seems to be the Technology while for instance Global is the
one with the lowest correlation.

Between the regions the largest correlation is between Europe and N.Amer with a -0.70
followed by World and Europe with a -0.51. The larger correlation between regions and sector
can be observed between Global and Industrials with a -0.83 followed by the one between
N.Amer and ConsServand 0.72. The larger correlations between sectors can be observed
between Technology and industrials (0.57) and between Healthcare and ConsServ (0.46).
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Insert Table 3 about here

Looking the Credit Spread correlation at Table 4 the we can observe firstly that the overall
correlation levels are higher in the case of the equities than for credit spread. In the case of
the Credit spread the larger observable correlation is between the Europe and N. America (0.62) followed by the correlation between World and Europe and between N. America and
ConsServ, relatively with -0.54 and 0.49. The sector which present absolutely larger
correlation levels is Financials.

While in the case of equities we can conclude that in general the correlation between sectors
seem to be lower than the correlation between regions, this is not observable in the credit
spread correlation where the correlation between regions is in most cases below zero or very
close to zero. In the case of the credit spread the larger absolute correlations are present in
sectors as Financials, followed by N.Amer, World, Europe, Energy, Industrials, Materials and
Technology.
Insert Table 4 about here

Comparison correlation matrix between equity quotients and credit spread
In table 5 we can observe the main differences between the factor correlation for credit spread
and equity. Despite on average the differences between the correlation is not big (around
0.061) the differences between certain sectors are notorious, even having opposite correlation
sign. In fact we can notice the case of World with Technology and Technology with Utilities
having a difference of 0.56 and 0.49 respectively. Also Financials with World (0.48), Energy
with Industrials (0.39) or Financials with Industrials (-0.39). In general we can observe that the
larger differences are observed in the correlations involving the Sectors.
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Insert Table 5 about here
The observed difference between the correlation encouraged us to compare individually the
factors of World with Financials, World with Industrials, Utilities with Technology and World
with Technology.
Insert Graphs 5-8 about here

Looking at the different graphs we can notice the differences between the factors calculated
via credit spreads and equity data. Firstly we observe Technology. In this sector the factors
of Credit present some spikes that are not present in equity data. The most notorious are in
4/13/2008, 15/09/2013 and 3/22/2020. The first spike can be associated to strong movements
into the bonds of Hertz company and the reason of the company to not be present into the
equity list by that time is that we only considered the stock after the spinoff of July 2016. This
brings up an interesting consideration regarding how to handle certain corporate events in the
model. The second case is caused by sharp movement in ING credit spreads which is not
subsequent by the equity. The third and last spike seem to be caused by a dramatic movement
in KB Home, this company also presents a profound movement into the equity level despite
not as hard as in the bond spread. Eventually we can conclude that mechanisms on the
exchange can flatter certain equity spikes as they are the auction mechanism ensure not to
overcome certain thresholds not available for bonds.

Looking at the Utility Factors we observe similar pattern between the equity and credit spread
factors. Despite across time there are periods in which credit seem to have more prominent
movements, equity have them at some other times. However there are a few spikes that are
worthy to review. First one is in 5/30/2010, 7/03/2011and 3/15/2020. The three two are larger
movement in credit while the last one seems to be a deeper movement in equity. Looking at
the in first movement we can see that in that particular day the return of the spreads vary way
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above the sector average (which values around 6%) while in the equity side only one of the
stocks had a relative similar movement but limited to 4%. The second spike was caused by
similar reasons as the first one, the movements into the credit spreads were more deeper
than in the case of stocks. The third skype during march 2020 correspond where the stock
market crash after COVID-19 pandemic started, this case highlight that during a market
distress the stock market behave more dramatically than the bond credit spread markets.

In graph 7 we can observe the comparison of the Financial Factors. In this case we can
observe that till year 2014 the fluctuation of the credit and equity factors are relatively similar.
However in the period 2017 to 2020 we find that the credit factors are more positive and
volatile, while in the 2020 the financial sector suffer a significant spike reaching lower levels
close to 2008. To try to understand the nature of the differences we will focus in three dates,
20/12/2008, second done across the period from 3/6/2016 to 2/2/2020 to finish observe
3/15/2020.

The first spike is caused due to a significant decreasing price trend in the case of the financial
stocks. While in the case of the credit spreads this pressure is not as significant. However it is
relevant to mention an observed effect that from the credit spread where different bonds
emissions with different maturities of the same issuer behave differently. In the second period
observed from 3/6/2016 to 2/2/2020 the volatility observed in the return of the credit spreads
is higher than for equities. Finally the spike of 3/15/2020 is caused as equities reacted in a
very stressed manner while the bonds did, there is no doubt that the bonds have been affected
by the central Bank intervention14.

14

https://www.ecb.europa.eu/press/pr/date/2020/html/ecb.pr200318_1~3949d6f266.en.html
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In the case of the World Factors they seem to be pretty align with exception of some spikes
observed in the credit factors. The first two observable spike is 10/9/2008 and 11/9/2008 are
caused due to a more intense movement in the bond market which is not observable in the
equity quotients. With respect to the last pronounced spike 3/22/2020 as we are observing at
bonds outside Europe and N. America whose sell off might not be mitigated by central bank
stimulus plans.

4. Conclusions
Banks incur in market risk as consequence of their own trading activities or facilitating the
market access to their customer. Consequently the regulator requires banks to capitalize
market risk, and the required amount can be determined either by a standardize approach or
a bank internal model. A new global regulatory framework has been defined, consequence of
the 2008 financial crisis, with the objective to make banks and banking systems more resilient
(BSBS, 2011). In particular, one of the objectives of Basel III was to reduce the variability of
risk-weighted assets (RWA) . The Basel Committee expects the new standard to result
approximately in an median (weighted average) increase of 22% (40%) in total market risk
capital requirements (BSBS3, 2016).

To this purpose the new regulation , FRTB implements several methodological changes which
include a two-factor default simulation model in the internal model approach for DRC. The
data used to calibrate the model must be either equity prices or credit spreads that cover a
period of at least ten years (BSBS1; 2019).

However model risk and imperfections are unavoidably. The risk measurement through
internal models relies on models which include prices and other market variables (Wilkens &
Predescu, 2017). In this line of thinking, Wilkens & Predescu (2017) explain how optimization
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decisions, such as portfolio selection, amplify the effect of model error. In the same way
Laurent et al. (2015) mentions that the type of data used in the model can be an important
source of DRC variability.

In our study, we analyze how the differences in the credit equity data can be translated into
the factors. Therefore by extension, into the correlation matrix used in the default model
estimation. We observe several characteristics that can affect firstly the sample of available
data, secondly the values of the correlation and thirdly into the correlation matrix and default
estimation.

First of all, despite they are evident, we observe relevant aspects affecting the sample
availability that will translate into the calculation. Credit Spreads are available for a larger
sample than equity data. Namely Private companies, the debt of companies prior an IPO or
even governmental and/or supranational institutions are available for the credit spread while
not for the case of equity. These observations can affect the factors calculation -despite in
some cases its effect can be limited due to the liquidity levels of these instruments 15. Also
with credit spreads there is a simplification of the management of certain corporate action
events which do not affect the price in the proportion it does for equity data 16.

The relevance of our prior observations is also proven in this paper. In fact, in our analysis
we prove how the Factors are susceptible to outliers observations. We analyze a synthetic
index sample with an without outliers. Through this we can prove how the inclusion of

15

Assuming that in the model there are implemented thresholds to control for liquidity.
The bond price reaction to announcements of large dividend changes is opposite to the stock price
reaction Dhillon, Upinder, and Johnson (1994)
16
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companies more volatiles can be translated into the factors values and the correlation
matrix.

Thirdly Looking at the differences in the correlation matrix between credit and equity data,
we observe important differences in particular sectors. Subsequently we compare the equity
and credit factors across time to try to explain the source of the difference. We observe how
potential central bank interventions might have reduced the volatility of certain credit spreads
during Pandemic emergency purchase program (PEPP) initiated by the ECB in March 2020.
This is in line with the prior empirical investigation of Manganelli (2012) who analyses that
purchases program during the Great Financial Crisis17 contributed to a volatility reduction of
the targeted bond yields.

We also observe a different behavior of the factors of equity and credit across time. Align with
the literature we verify how the relation between the bonds and equities can vary across time
as during certain periods the factors seems to be behave similar during certain periods
(Campbell & Taksler, 2003; Sangbae et Francis; 2005).

All of these differences support the idea that the usage of the different data can affect the
default simulation and thus the risk measurement of the risk models. We are currently
undertaking as a second step of this study which consist on simulating defaults using both
data sources.

17 Orphanides (2010)
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Tables:

Graph 1 Equity Factors with Outliers

Graph 2 Equity Factors without Outliers
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Row Labels
Basic Materials
Consumer Goods
Consumer Services

Europe N.Amer World
Total
5
8
7
20
6
12
3
21
7
9
3
19

Energy
Financials
Healthcare
Industrials
Technology
Telecommunications
Utilities

9
18
4
15
3
15
10

9
3
9
3
4
1
2

7
15
2
1
1
6
9

25
36
15
19
8
22
21

Total

66

60

54

206

Table 1 Equity and Credit issuers sector and region distribution

Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity
Equity

Basic Materials
Consumer Goods
Consumer Services
Energy
Europe
Financials
Healthcare
Industrials
N.Amer
Oil & Gas
Technology
Telecommunications
Utilities
World
Global

Mean
-0.002
0.000
0.000
-0.002
-0.001
-0.002
0.000
-0.002
0.000
-0.002
0.000
0.000
-0.001
-0.001
-0.001

Std
0.009
0.011
0.011
0.012
0.010
0.013
0.008
0.013
0.010
0.013
0.009
0.008
0.006
0.007
0.007

Min
-0.056
-0.071
-0.069
-0.080
-0.057
-0.082
-0.054
-0.071
-0.064
-0.069
-0.041
-0.045
-0.045
-0.042
-0.054

Median
-0.001
0.001
0.000
-0.001
0.000
-0.001
0.001
-0.001
0.000
-0.001
0.000
0.000
-0.001
-0.001
0.000

Table 2 Summary statistics of the rating risk factors weekly Equity prices returns.
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Max
0.026
0.062
0.065
0.065
0.036
0.075
0.032
0.062
0.050
0.069
0.037
0.024
0.014
0.022
0.034

Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit
Credit

ConsGood
ConsServ
Energy
Europe
Financials
Government
Healthcare
Industrials
Materials
N.Amer
Technology
Telecommunications
Utilities
World
Global

Mean
0.002
0.002
0.000
0.006
0.014
0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.003

Std
0.017
0.020
0.011
0.012
0.019
0.020
0.008
0.010
0.012
0.012
0.010
0.012
0.009
0.010
0.010

Min
-0.148
-0.115
-0.049
-0.065
-0.066
-0.179
-0.038
-0.063
-0.082
-0.066
-0.047
-0.097
-0.045
-0.079
-0.051

Median
0.001
0.002
0.001
0.006
0.014
0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.004

Table 3 Summary statistics of the rating risk factors weekly Credit Spread returns.

Graph 3 Equity Factors
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Max
0.125
0.097
0.058
0.050
0.083
0.105
0.055
0.043
0.051
0.061
0.046
0.064
0.045
0.055
0.045

Graph 4 Credit Spread Factors

Table 3 Matrix Correlation equity prices

FACTOR
ConsGood ConsServ
ConsGood
1
0.00
ConsServ
0.00
1
Energy
0.05
0.12
Financials
-0.44
-0.43
Government
-0.03
-0.10
Healthcare
0.05
-0.07
Industrials
0.09
0.03
Materials
0.13
0.04
Technology
-0.07
0.04
Telecommunications
0.09
0.05
Utilities
0.02
0.04
Europe
-0.26
-0.37
N.Amer
0.28
0.49
Global
-0.25
-0.03
World
0.03
0.02

Energy
0.05
0.12
1
-0.37
0.16
0.09
0.31
0.17
0.26
0.26
0.20
-0.16
-0.14
0.01
0.40

Financials Government Healthcare Industrials Materials
-0.44
-0.03
0.05
0.09
0.13
-0.43
-0.10
-0.07
0.03
0.04
-0.37
0.16
0.09
0.31
0.17
1
-0.15
-0.18
-0.45
-0.47
-0.15
1
-0.03
0.10
0.00
-0.18
-0.03
1
0.10
0.06
-0.45
0.10
0.10
1
0.40
-0.47
0.00
0.06
0.40
1
-0.34
0.06
0.02
0.29
0.21
-0.43
0.08
0.12
0.23
0.14
-0.29
-0.03
0.11
0.14
0.16
0.45
-0.08
-0.05
0.09
-0.11
-0.31
-0.24
0.18
-0.21
-0.05
-0.01
-0.10
0.04
0.07
-0.07
-0.26
0.39
0.01
0.14
0.26
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Technology
-0.07
0.04
0.26
-0.34
0.06
0.02
0.29
0.21
1
0.23
0.24
-0.02
-0.13
0.04
0.20

Telecommunications
0.09
0.05
0.26
-0.43
0.08
0.12
0.23
0.14
0.23
1
0.10
0.06
-0.12
-0.01
0.13

Utilities
0.02
0.04
0.20
-0.29
-0.03
0.11
0.14
0.16
0.24
0.10
1
-0.15
-0.11
-0.08
0.38

Europe
-0.26
-0.37
-0.16
0.45
-0.08
-0.05
0.09
-0.11
-0.02
0.06
-0.15
1
-0.62
0.03
-0.54

N.Amer
0.28
0.49
-0.14
-0.31
-0.24
0.18
-0.21
-0.05
-0.13
-0.12
-0.11
-0.62
1
0.04
-0.30

Global
-0.25
-0.03
0.01
-0.01
-0.10
0.04
0.07
-0.07
0.04
-0.01
-0.08
0.03
0.04
1
-0.15

World
0.03
0.02
0.40
-0.26
0.39
0.01
0.14
0.26
0.20
0.13
0.38
-0.54
-0.30
-0.15
1

Table 4 Matrix Correlation credit spread

FACTOR
ConsGood ConsServ
ConsGood
0
-0.19
ConsServ
0
Energy
Financials
Healthcare
Industrials
Materials
Technology
Telecommunications
Utilities
Europe
N.Amer
Global
World

Energy
0.21
0.25
0

Financials Healthcare Industrials Materials Technology Telecommunications
-0.15
-0.15
0.20
0.28
-0.20
0.30
-0.30
-0.19
0.12
0.24
-0.06
0.20
-0.13
0.26
0.39
0.07
0.43
0.39
0
0.11
-0.39
-0.26
-0.11
-0.31
0
0.27
0.30
-0.25
0.19
0
0.39
0.29
0.34
0
0.29
0.35
0
0.31
0

Table 5 Matrix Correlation comparison factors credit spread and equity quotients

Credit data b
Europe

0.847

N.Amer

0.868

World

0.839

ConsGood

1.012

ConsServ

0.844

Energy

0.894

Financials

0.936

Government

0.837

Healthcare

0.966

Industrials

0.948

Materials

1.010

Technology

0.987

Telecommunications

0.978

Utilities

0.859

Global

1.002

Confidential

Utilities
0.28
0.33
0.37
-0.31
0.27
0.33
0.29
0.49
0.04
0

Europe
-0.03
-0.13
-0.09
0.33
0.03
-0.37
0.04
-0.11
-0.14
-0.17
0

N.Amer
-0.27
0.07
-0.19
0.01
-0.23
-0.01
-0.05
-0.38
0.23
0.28
-0.05
0

Global World
-0.23
0.36
0.06
0.20
0.02
0.39
0.18 -0.48
0.02
0.34
0.05
0.46
-0.10
0.07
-0.06
0.56
-0.12 -0.01
-0.11 -0.02
0.05 -0.04
0.08
0.13
0
-0.19
0

Graph 5 Factors Technology Equity quotients vs Credit spread

Graph 6 Factors Utilities Equity quotients vs Credit spread

Confidential

Graph 7 Factors Financials Equity quotients vs Credit spread

Graph 7 Factors World Equity quotients vs Credit spread

Confidential

Europe
N.Amer
World
ConsGood
ConsServ
Energy
Financials
Healthcare
Industrials
Materials
Technology
Telecommunications
Utilities
Global

Credit
Spreads b
0.87068
0.867789
0.879958
1.07127
0.82574
0.939731
1.097803
0.900303
0.928229
1.069028
0.983945
0.854046
0.661428
0.985575

Table 4 b coefficient for Credit Spreads

Europe
N.Amer
World
Basic Materials
Consumer Goods
Consumer Services
Energy
Financials
Healthcare
Industrials
Technology
Telecommunications
Utilities
Global

Equity data
b
1.013
0.783
0.986
0.957
0.812
0.937
1.114
1.010
0.910
1.090
1.205
0.885
1.158
1.122

Table 5 b coefficient for Equity Quotients
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