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Argo Magazine

Dear Readers,

It is a pleasure for us to welcome you to the twentieth issue of Argo Magazine, eight years after the first publication. This issue brings together some rather
disparate Risk topics: all our readers should find something of interest here!
In our latest publication the “Just in Time” section is enriched with lots of new content that will introduce you to the world of Environmental, Social and Governance
Risks.
Indeed, more than ever before it is becoming clear that climate change poses a systemic risk to financial institutions and markets and in fact policymakers are now
taking the first regulatory and supervisory steps to ensure that the financial system
can withstand climate-related shocks.
Thanks to our “Just in Time” section you can explore this new field while also
analyzing and studying the implications that the new regulations may have on
Market and Credit Risk Management, with particular attention to the new Stress
Test Exercise proposed by EBA.
The magazine continues, as usual, with our research articles.
We open with the paper “A Quantization Overview to Credit Counterparty Risk” by
Andrea Principe and Giacomo Vigo, a purely quantitative article on the application
of the quantization method for estimating the future MTM value of a derivative at a
potential default. In particular, the authors show how this approach outperforms
Monte Carlo, both in terms of accuracy and computational efforts providing, therefore, a valid alternative to increase the computation performance.
A new section dedicated to Money Laundering and Financial Terrorism Risks follows, where Lorena Corna in “Introduction on Money Laundering and Financial
Terrorism Risks” provides you with an overview of the policies and procedures
in place to face these risks with a focus on interpretative notes on the risk-based
approach and Financial Intelligence Unit.
We close the issue with two interesting articles that analyze the impacts that the
Covid-19 Pandemic has had on financial and banking systems.
Within “Impact of Covid-19 Announcements on Financial Markets” Roberta
Fontana presents a detailed analysis of the financial market trend after the outbreak of the novel Coronavirus explaining how the covid-related announcements
have affected the markets.
Finally, Dario Esposito and Matteo Cecchin in “Vulnerability Analysis on Italian
Banks during the Covid-19 Pandemic” carry out an assessment of the exposure of
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Editorial

the Italian Banks to Covid-19 showing that the system is fairly positioned to take on
the pandemic-induced stress impact.
We conclude with a suggestion to visit our online Research page and to subscribe
to our newsletter service with a monthly update on the most relevant topics about
practical Risk Management.
Enjoy your reading!
Antonio Castagna
Luca Olivo
Giulia Perfetti
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ECB - Climate-Related Risks and Financial Stability
The work presents recent progress in the ECB’s quantitative work to
map and monitor financial system exposures to climate change
transition and physical risks and to measure bank vulnerabilities to
climate-related risks, complemented by analyses of the role played by
the financial system in the transition to a greener economy.Moreover,
it covers the stress-test and scenario analysis sections of the ECB
report "Climate-related risk and financial stability", which deepens
quantitative insights for the European Union, following a growing
body of international research focused on the impacts of climate
change on financial stability.
read more
Date July 2021

EBA Report - Management and Supervision of ESG Risks for Credit Institutions and
Investment Firms
The EBA has received several mandates to assess how to include
Environmental, Social and Governance (ESG) risks into the three
pillars of the banking prudential framework: this report assesses
their potential inclusion in Pillar 2.
Thanks to the adoption of a uniform definition of ESG factors and
ESG risks, the authority is able to provide financial institutions with
a non-exhaustive list of quantitative and qualitative definitions,
indicators and metrics, together with the description of several tools
and methodologies that can support the identification, evaluation
and assessment of ESG risks.
read more
Date June 2021

SFDR: The European SFDR Regulation on ESG Disclosure in Finance
The regulation on disclosure of ESG characteristics of financial
investments, addressed to asset managers, product farms and
financial advisors, is evidence of the European Authorities’ efforts to
formalize technical standards into a universe of relatively new
products. As a matter of fact, in this framework standards and
indicators are yet to be involved in the long run process of
assimilating conventional financial data, therefore challenges in data
management will have to be faced in the implementation of the
regulation. This work aims to summarize the objectives, salient
features and open points of the legislation and to explain the related
problems.
read more
Date June 2021
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Climate Change Risks: Overview, Supervisory Expectations and Implications for
Financial Institutions
In the 2015 Paris Agreement national governments agreed to
strengthen the global response to climate change by introducing
policies to improve the transition to low-carbon and more circular
economies on a global scale and to limit the global temperature
increase below 2° C. Given both market and regulatory expectations,
the main purpose of this document is to provide an overview on the
implications and challenges that can derive from the integration of
the climate and environmental risks into the already existing bank’s
processes.
read more
Date June 2021

BIS – Climate-Related Risks: Measurement Methodologies and their Transmission
Channels
The document gives an overview of conceptual issues related to
climate-related financial risk measurement and methodologies, as
well as ESG risks transmission channels and some practical
implementation by banks and supervisors. It is based on BIS
(Climate-related financial risks – measurement methodologies) and
BCBS (Climate-related risk drivers and their transmission channels)
papers from April 2021, which widely resume the literature state of
art of environment risk qualification and quantification, providing a
high-level overview of strengths and weaknesses of the main types of
measurement approaches and assessing gaps and challenges in their
execution and implementation.
read more
Date June 2021

ECB Guide on Climate-Related and Environmental Risks: Supervisory Expectations
This guide outlines the ECB’s understanding of the safe and prudent
management of climate-related and environmental risks under the
current prudential framework. It describes how the ECB expects
institutions to consider climate-related and environmental risks – as
drivers of existing categories of risk – when formulating and
implementing their business strategy and governance and risk
management frameworks. It further explains how the ECB expects
institutions to become more transparent by enhancing their climaterelated and environmental disclosures.
read more
Date May 2021
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EBA - Mapping Climate Risk: Main Findings from the EU-wide Pilot Exercise
As the EU taxonomy and climate risk stress test frameworks are still
developing, the EBA ran a pilot exercise, designed as a learning
exercise to investigate how existing and newly developed climate
risk assessment and classification tools perform, and to test banks'
readiness to deal with related data and methodological challenges.
Therefore, the exercise, which was run on a sample of 29 volunteer
banks, provides an indicative picture of the main challenges that
supervisors and banks are facing in identifying the greenness of
activities, classifying and measuring climate risks, and should
support banks in their transition efforts.
read more
Date July 2021

Climate Stress Test Banque de France's First Pilot Exercise: Main Results and
Methodology - Focus on Transition Risk
The climate pilot exercise conducted between July 2020 and April
2021 by the Autorité de contrôle prudentiel et de resolution is an
important step in supervising climate change-related risks. This is the
first time that a supervisory authority has performed a bottom-up
climate-related stress test exercise as comprehensive and demanding
as this one. The purpose of this document is to summarize and
analyze the main methodological aspects and results published by
Banque De France, with a specific focus on the banks’ exposure to the
Climate Transitions risk.
read more
Date June 2021

Vulnerability Analysis on Italian Banks during the Covid-19 Pandemic
The results of this vulnerability assessment show that the Italian
banking sector is fairly positioned to take on the pandemic-induced
stress impact, but capital depletion in this scenario could be material
especially for Retail Lenders and Small Domestic banks that have the
greatest CET1 impact and need a capital increase between 2021 and
2022 to comply with the prudential capital ratios set by the
Supervisor.
read more
Date January 2021
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Machine Learning e Model Risk Management
È stato dimostrato che gli algoritmi di apprendimento automatico
(ML) superano in molte situazioni i modelli tradizionali in termini di
potere predittivo e sono in grado di elaborare grandi quantità di dati
non strutturati e provenienti da varie fonti. Attualmente le tecniche
di ML vengono utilizzate principalmente ai fini di analisi esplorativa
dei dati e di modeling, con netta preferenza per il primo ambito
rispetto al secondo. Il presente documento sintetizza e reinterpreta le
principali implicazioni nell’uso dei modelli di ML ai fini di
Validazione Interna e gestione del Rischio Modello, evidenziandone i
punti di forza e le potenziali debolezze.
read more
Date June 2021

The Use of AI and ML by Market Intermediaries and Asset Managers
As proven by the number of assessments and workstreams
undertook so far, the Board of the International Organization of
Securities Commissions (IOSCO) identified the use of Artificial
Intelligence (AI) and Machine Learning (ML) by market
intermediaries and asset managers as a key priority. Under this light,
IOSCO published in June a Consultation Report to assist IOSCO
members in providing appropriate regulatory frameworks in the
supervision of market intermediaries and asset managers that adopt
AI and ML.
read more
Date October 2020

EBA RTS on the Determination of Indirect Exposures to Underlying Clients of
Derivative and Credit Derivative Contracts
An undue concentration of exposures to a single counterparty has
long been recognized as a central warning for banks’ stability. In this
context, in 1991, the Basel Committee for Banking Supervision issued
the first supervisory guidance on large exposures. However, the fact
that no clear guidelines were available on how banks should measure
their exposures to a single counterparty, and on which factors they
should consider when bearing in mind whether separate legal entities
form a group of connected counterparties, come out very fragmented
practices across banks.
read more
Date March 2021
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Final Draft RTS - FX Risk or Commodity Risk in Non-Trading Book Positions under
FRTB
CRR2 implements in EU legislation the revised requirements to
compute own funds requirements for market risk. In accordance with
that Regulation, institutions are required to calculate own funds
requirements for market risk for: (i) Positions held in the trading
book; (ii) Positions held in the banking book (i.e., non-trading book)
bearing foreign exchange (FX) or commodity risk.
read more
Date January 2021

FRTB - The Alternative IMA
Regulation (EU) No 2020/876 (the Capital Requirements Regulation 2
– CRR2) introduces the revised framework for minimum capital
requirements for market risk. The alternative internal model
approach (IMA) is one of the novelties introduced by the CRR2. The
IMA is designed to capture market risks considering tail risks, risk of
market illiquidity and the default risk through the sum of three
components: 1)the Expected Shortfall risk measure; 2) the Stress
Scenario Risk Measure for risk factors with limited observable data;
3) the own funds requirement for default risk associated with credit
and equity positions.
read more
Date December 2020

Overview of CVA Framework Main Revisions
The aim of this document is to analyze the review of the CVA risk
framework set out in “Credit Valuation Adjustment risk - targeted
revisions” [BIS – d507]. CVA risk is the exposure to changes in
counterparty credit spreads and other market risk factors. It is
typically incurred by banks that undertake derivative or securities
financing transactions, which run the risk of mark-to-market losses if
the creditworthiness of the counterparties deteriorates.
read more

Date December 2020
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Structural FX Provision Final Guidelines (EBA/GL/2020/09) on the Treatment of
Structural FX
The JIT goes through Guidelines (EBA/GL/2020/09), on the treatment
of structural FX under 352(2) of the CRR, which has been developed
considering both the feedback of the industry on Discussion
(EBA/DP/2017/01), Consultation Paper (EBA/CP/2019/11) and the new
treatment of the structural FX in the 2019 version of the Fundamental
Review of the Trading Book (FRTB - BCBS d457). Twenty-one
respondents provided feedback on the consultation paper, EBA
considered the feedback provided by all respondents in developing
the final draft.
read more
Date November 2020
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A Quantization Overview to
Credit Counterparty Risk
aaaa

Andrea Principe

Giacomo Vigo

T

he counterparty risk topic has become predominant over the past few years according to the worldwide financial crisis
happened in 2007–2008 and the following European sovereign debt crisis. It began to receive a growing attention
from regulators, which required financial institutions to comply with more punctual conditions concerning
counterparty credit exposures arising from derivatives, securities financing transactions, default and downgrade risks
characterizing the Over The Counter derivatives market. Consequently, banks started to develop a series of effective and
more accurate measures of risk, aimed at estimating the future MTM (or MTFs) value of a derivative at a potential default
date, which is typically highly uncertain (as seen from today), over prescribed time horizon and fixed grid of time buckets.
The most common approach to quantify the future MTM value is Monte Carlo simulation, which exhibits remarkable
difficulties in terms of high computational cost, particularly when the problem dimension increase. Indeed, it’s particularly
dependent on the number of considered assets. This is why many financial players moved to more effective and time
saving technologies, e.g., based on grid computing and Graphics Processing Units (GPU) capabilities. Within this paper
we would like to approach an alternative method based on different algorithmic strategies, quantization. The present
paper gives an initial overview of both Monte Carlo Method and quantization approach with a subsequent comparison
of the numerical application results among different practical cases. The goal is to show how the quantization approach
outperforms Monte Carlo, both in terms of accuracy and computational efforts.

I

n 2007 credit crisis began, it strikes in a severe
and long-lasting way. Most of the regulation
produced in the following years was aimed at
the over-the-counter (OTC) derivatives market where
aspects such as counterparty risk and liquidity risk
were shown to be significant in the global financial
crisis. Actually, Counterparty risk started taking
prominence in the late 1990s, after some crisis (i.e.
Asian crisis, LTCM and Enron) which highlighted
that particular risk as probably the single most important variable in determining whether and with what
speed financial disturbances (defaults in relation to
derivative contracts) become financial shocks with
potential systemic traits. Regardless, the risk was
largely underestimated being a significant source of
contagion during the global financial crisis. To avoid
events repetition, the US Dodd–Frank Wall Street Reform and Consumer Protection Act, Public Law No:
111-203, and European Market Infrastructure Regulation
(EMIR), No 648/2012, were implemented, aimed at
increasing the stability of the over-the-counter (OTC)
derivative markets. On other hand Basel III rules
strengthened capital requirements specifically for
Counterparty risk, see BCBS (2006-2011)[2]-[6] and
BCBS-IOSCO (2020)[7], such as new requirements
setting on liquidity and leverage, see BCBS (20132014) [3]-[4]-[5]. In addition, G20 leaders decided
to reform the structure and transparency of OTC

derivative markets. Specifically, all standardized OTC
derivative contracts should be traded on exchanges or
electronic trading platforms, where appropriate, and
cleared through central counterparties (CCPs). Net
of the new regulatory framework, further implications came out, the fundamental pricing assumption
whereby the discounting rate could be appropriately
proxied by LIBOR was no longer true. OIS (overnight
indexed spread) was actually a more appropriate discounting rate and was also a closer representation
of the “risk-free rate”. Counterparty risk is the risk
that the entity with whom one has entered into a
financial contract will fail to fulfil their side of the
contractual agreement, for example, if they default,
see Gregory (2015)[16]. Then the part with credit exposure will suffer, if no collateral was posted, the cost
for the replacement of the defaulted position. Such
type of risk is of particular interest within those markets which are characterized by having transactions
settled directly between the two counterparties and
outside the stock exchange. Two aspects differentiate
Counterparty risk from traditional Credit risk, despite, the cause of a loss is the obligor being unable
or unwilling to meet contractual obligations in both
cases:
• The MTM value of a derivative at a potential
default date will be the net present value of all
future cashflows required under that contract.
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This future value can be positive or negative,
and is typically highly uncertain, as seen from
today.

ing to:
EAD = max( MtM, 0) + AddOn.
The AddOn is calculated, for each single transaction,
as the product of the transaction notional and the
add-on factor, which is determined based on the remaining maturity and the underlying asset class (e.g.
interest rates, foreign exchange, etc.), refer to regulation (EU) n. 575/2013 article 274 for details. Such
approach clearly captures in essence the differing
exposure profiles for derivatives based on their asset class and maturity, even though is not especially
risk-sensitive.
The most widespread method used, among international banks, to calculate EAD is the internal
model method (IMM), BCBS [1], which defines EAD,
measured at the netting set level, as:

• Each counterparty in a derivatives transaction
has risk to the other, the value of the contract
could be positive or negative. The above statement is not valid for OTC Single Option Deal
since the sell side does not imply any counterparty risk.
Counterparty risk is typically bilateral. It could
be split by two components: market risk, which defines the exposure and credit risk that defines the
counterparty credit quality.
The most common approach to quantify expected
exposure is Monte Carlo simulation. Such an approach exhibits remarkable difficulties from a numeric efficiency perspective, particularly when the
problem dimension increase.
The article introduces quantization approach as
a new numerical technique alternative to standard
Monte Carlo with the goal to show how the quantization approach outperforms it, both in terms of
accuracy and computational efforts, see also Bonollo
et al (2020)[9]. The paper is organized as follows:
in Section 1 we introduce the Expected Exposure, the
Expected Positive Exposure and the Potential Future Exposure; in Section 2 we give a review of the Monte
Carlo Method; in Section 3 we provide a description of the quantization approach; in Section 4 we
describe the main point of the case study taken in
consideration; in Section 5 we give the set-up of the
associated numerical experiments, reporting the obtained numerical results with their interpretation.
Among practical cases we focused on Single Option
trade, Portfolio of European Options on same underlying and Portfolio of European Options on different
underlyings.

EAD = α · max( EEPE, Stressed EEPE).
It is the most risk-sensitive approach for EAD calculation available under the Basel framework. Effective
EPE (EEPE) is, by definition, more conservative than
EPE and is intended to capture the roll-off impact
for transactions that are close to maturity but may,
in practice, be replaced. α factor is set equal to 1.4,
supervisors have the discretion to require a higher
alpha based on a bank’s CCR exposures, banks may
seek approval to compute it, subject to a floor of 1.2.
Stressed Effective EPE is computed on a time window
with significant stress for the markets and for the
bank portfolio. This is to embody in the model the
wrong-way risk, i.e. a possibly positive correlation
between the MtM and the PD dynamics.
We give an account of the intermediate quantities
used to estimate the EAD, according to the specifies
given in Basel III, BCBS [2], refer also to regulation
(EU) n. 575/2013 article 283 and subsequents.
Indicating by τ the default time, the replacement cost,
the current exposure, is defined as the larger of zero or
the current value of the financial contract. Formally,
supposing to divide a derivative time to maturity
(T) into time steps t0 < t1 < . . . < tk < . . . < t T ,
it’s possible to compute the Mark-to-Market (MTM)
for each time steps MtM(tk , Stk ), with Stk as underlying’s value at time step tk . Given that,

Exposure and EPE
Counterparty risk refers to Pre-settlement risk, as a
risk that a counterparty will face default before the
final settlement of the transaction, BCBS (2006)[1].
For this reason is important to determine the cost
of replacing the contract in case of default. With
that purpose, assess the risk exposures, financial institutions can choose whether to apply the so called
standard models, established by Regulators, or to build
their own models, which have to be validated by Central Banks. On a regulatory side, Basel II and Basel
III framework, BCBS (2006)[1]BCBS (2011)[2], provide
a set of indicators to evaluate the risk exposure: the
Exposure At Default (EAD), the Probability of Default
(PD), the Loss Given Default Default (LGD) and the
Recovery Rate (RR).
The EAD, under standard model, for a given
transaction, see BCBS (2006) [1], is computed accordIssue n. 20 / 2021

Definition 0.1 (Current Exposure (CE)). The Current
Exposure at tk is
CEtk = max( MtM(tk , Stk ), 0).
If we have multiple deals characterized by the same counterparts and different underlings, current exposure at tk
is

pt f

CEtk

= max

N

∑

n =1

!
MtM(tk , Stk ,n ), 0 ,

where Stk ,n , n = 1, . . . , N is the value of the n-th underlying at time bucket tk .
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Current exposure can be calculated at any future
date of our time bucket, however takes into account
just one stochastic dynamic scenario of its related
market parameters. Being that possible counterpart’s
default is an uncertain event both in time and its
magnitude, the current exposure is a rough measure
of the credit exposure for one party. Indeed, it is even
more important the Expected exposure (EE).

exposure that we could have at a certain time in the
future” with reference to a certain confidence level.

Definition 0.2 (Expected Exposure (EE)). The Expected exposure at time tk represents the expectation of
the future MtM value, taking into account the stochastic
dynamics of its related market parameters:

Monte Carlo Method

Definition 0.4 (PFE). Potential Future Exposure
PFEq (t) of a position Π(t, T ) defined as the q-quantile
as seen from current time 0 of the random variable
Ex (t) = (Et [Π(t, T )])+ under the physical measure P.

Monte Carlo is a stochastic methodology based on
random numbers generation. It is a method that in
the case of a high-dimensionality netting set can realistically be used with a relatively large number of
risk factors and their correlations. Simple to be implemented, scalable and easily extensible. On the other
hand, a disadvantage of Monte Carlo simulation is
computation time.
First of all, it’s necessary to define the relevant risk
factors and decide on the models to be used for their
evolution, taking care to mix up practicality and effectiveness.
When the evolution of each risk factor is assigned to
a specific model, it is necessary to generate our risk
factors future values. Each scenario will be a single
joint realization of risk factors at various points in
time, known as simulation dates. The number of
simulation dates must be reasonably large and the
final simulation date must obviously be greater than
or equal to the longest maturity transaction under
consideration. The time steps of the grid should not
be homogeneous for reasons such as roll-off and identifying settlement risk.
In addition, since intervals between simulation points
are greater than the margin period of risk’s length, it
may be necessary to include additional “look-back”
points for the purposes of simulating the impact of
collateral. Once the revaluation step has been completed, we will have future values as a function of
trade-id, simulation-id and time-step-id. This information may need to be aggregated at some level (i.e.
netting set level). Given the purpose of our test we
fall into a more simplified use of Monte Carlo approach in Finance, indeed, since our investigation is
on Simple Equity Options, we just define a stochastic
process for the underlying. The computation of an
Option price can be regarded as a path integral where
the paths are all the possible future realization of the
underlying, see P. Jackel [17]. If we denote with P the
pay-off for a specific path j the Option price f is:
h
i
f = E e−rT P ,

EEtk := E [CEtk ] = E [max ( MtM(tk , Stk ), 0)] .
When we have a single option, the max(·, 0), i.e.
the positive part, is redundant as the fair value of the
option is always positive.
If we are analyzing a derivative portfolio with netting
clauses, considering the value of n-th underlying at
tk , Stk ,n , n = 1, . . . , N, the expected exposure is
"
h
i
pt f
pt f
EEtk = E CEtk = E max

N

∑

n =1

!#
MtM (tk , Stk ,n ), 0

.

Given that, we can define the Expected Positive
Exposure (EPE):
Definition 0.3 (EPE). The weighted average of the EE
across time is the so called Expected positive exposure
EPE =

∑kT=1 EEtk · ∆tk
,
T

where ∆tk = tk − tk−1 .
If the time buckets are equally spaced, then
EPE =

1 K
EEk .
K k∑
=1

Therefore EPE value gives the time average of EEk
(the average exposure at future date tk among all tk
current exposures obtained through market parameters’ scenarization).
If we set EEE1
:=
EE1 and EEEk
:=
max EEk , EEEk−1 , k = 1, . . . , K, where EEEk is the
Effected Expected Exposure, the EEPE can be defined
by
∑K EEEk · ∆k
EEPE := k=1
,
T
where ∆k = tk − tk−1 is the time space between two
consecutive time bucktes.
By convention exposure is represented by positive
future values, but the expected exposure from a counterparty’s point of view can be measured conversely
through Negative expected exposure (NEE), whose
weighted average is given by Expected negative exposure (ENE).
Contextually is always used as a reference metric
on CCR the so called Potential future exposure (PFE), it
responds at the question “what would be the worse

where T is the time to maturity and r is the risk free
rate.
We resort to a close form solution in order to define
a stochastic process for the underlying and calculate
multiple scenarios N by repeatedly sampling the possible path evolution for the underlying.
We assume an Option life (T) equal to 1 Year and to
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divide it into M, equal to 10, time intervals with nohomogeneous length. Compute the future (stochastic)
values of the underlying, until the Option maturity
is reached, as:


S(ti + ∆t) = S(ti )e

2

r − σ2



√
∆t+σ ∆tw

Quantization is a widely used technique in information theory, cluster analysis, pattern and speech
recognition, numerical integration, data mining and
numerical probability. The birth of optimal quantization dates back to the 50’s, when the necessity to optimize signal transmission, by appropriate discretization procedures, arose, see e.g. Bennett (1948)[8];
Panter and Dite (1951)[25]. In the financial framework
it was introduced as a quadrature formula for numerical integration in the early 1990’s and for conditional
expectation approximationd in the early 2000’s, to
price multi-asset American style options. It has been
introduced in order to have an alternative to the
standard Monte Carlo methods; see, e.g. , Callegaro
et al., (2017)[14]; Pages and Sagna (2015)[22]; McWalter et al. (2018)[19] for a general description of the
method, Callegaro et al., (2015)[12] concerning local
volatility models, Callegaro et al., (2016)[13]; Rudd et al.
(2017)[26] regarding fully stochastic volatility models,
and Sagna (2012) when barrier options are taken into
account.
Quantization of random vectors can be considered as
a discretization of the probability space, providing
in some sense the best approximation to the original distribution. It is therefore crucial for a given
distribution to optimize the geometric location of
these points and to evaluate the resulting error. Some
numerical procedures have been developed in order
to get optimal quadratic quantization of the Gaussian (and even non Gaussian) distribution in high
dimension, mostly based on stochastic optimization
algorithms, see e.g. Gersho and Gray (1992)[15], Pagès
and Printems (2003)[20], Pagès and Yu (2013)[24]. Over
the years many other application fields have been discovered, such as, in the 90’s, numerical integration.
This opened the door, especially in France, Germany
and Italy, to new research perspectives in Numerical
Probability and applications to Mathematical Finance.
For a comprehensive introduction to optimal vector
quantization and its applications to Counterparty
Credit Risk, we refer to Bonollo et al. (2020)[10] and
references therein.
Let (Ω, A, P) be a probability space and let X :
(Ω, A, P) → Rd be a random vector. The quantization problem consists in the study of the best approximation of X by random vectors taking at most N fixed
values x1 , . . . , x N ∈ Rd .

,

where w is sampled from a gaussian distribution, ∆t
is the length of time step between ti and ti+1 , r is the
rate of return and σ is the volatility measure.
The standard Monte Carlo error is:
σ
err MC = √ ,
N
σ2 =

1 N
[ f i − f ]2 .
N i∑
=1
1

In Monte Carlo simulations the error scales as: N 2
This behavior is independent from problem dimension. There are some ways to improve Monte Carlo
method through Variance reduction techniques and
Low discrepancy sequences, P. Jackel (2002) [1]. The
first way leverages on Antithetic sampling, for any
path obtained by a gaussian variate vector draw wi ,
we generate a mirror image by changing the sign of
all random numbers wi → −wi . Then we compute
the pay-off along the two paths. The second mirrored
path has the same probability of the original one. The
Monte Carlo error for the improved estimate is:
q
1+ ρ
σ
2
err MCvr = √
,
N
ρ is the correlation between the original path and the
mirrored path. The error is smaller than the standard
Monte Carlo one. In the standard
√ Monte Carlo the
error decreases slowly, as 1/ N, with number of
samples, N, because draws do not fill in the space in
a regular way. Indeed some gaps are present (clustering effects). In Low discrepancy sequences the
points are chosen in order to fill in the space more
regularly and uniformly, without inhomogeneities.
As a result the function to be integrated converges
not as one over the square root of the number of
samples (N) but much more closely as one over N
(Quasi Monte Carlo). The most famous algorithms
to generate low discrepancy numbers are the Sobol
and Halton sequences. The discrepancy is a measure of how inhomogeneous a set of D-dimensional
vectors of random numbers fills in a unit hypercube.
By definition, in a low discrepancy sequence (in D
dimension), the discrepancy scales with the number
of draws, N, as:
!
logd N
dN ∝ O
.
N

Definition 0.5. .
1. {N-quantizer} The subset Γ = { x1 , . . . , x N } ⊂ Rd
is called N − quantizer or grid.
2. {Voronoi cell]} The Borel partition (Ci (Γ))1≤i≤ N of
(Rd , B(Rd )) is a Voronoi partition of Rd induced
by the N-quantizer Γ if, ∀i ∈ {i, . . . , N },


Ci (Γ) ⊂ ξ ∈ Rd : |ξ − xi | = min |ξ − x j | ,

For a given precision, a lower number of scenarios
are needed.

i≤ j≤ N
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with

ror, i.e.

i=1,. . . ,N.



X − X̂
Definition 0.6 (Quantization function). A quantization function, or quantizer, is a Γ-valued Borel function
q : Rd → Γ, such that q(X) =: X̂ is X approximation
taking N values in Γ ⊂ Rd .

ProjΓ (ξ ) :=

N

i

Z
Rd

min |ξ − xi |2 Px (dξ )

1≤ i ≤ N

= X − X̂ Γx

2
2

.

Q2,N ( x1 , . . . , x N ) = X − X̂ Γ

inf

x ∈(Rd ) N

The error induced when replacing X by X̂ Γ is

Q2,N



= in f

| X − X̂ Γ | = dist( X, { x1 , . . . , xn }) = min | X − xi |,

X − X̂ Γ

i ≤i ≤ N

2
2


, Γ ⊂ Rd , | Γ | ≤ N ,

since any grid Γ with cardinality at most N can
be "represented" by an N-tuple by repeating
some components in an appropriate way.

and does not depend on the selected nearest neighbour projection on Γ. When X has a strongly continuous distribution, i.e. P( X ∈ H ) = 0 for any hyperplane H of Rd , the boundaries of the Voronoi cells
Ci (Γ) are P-negligible so that any two quantizations
induced by Γ are P-a.s. equal.

Theorem 0.1 (Existence of optimal N-quantizer). Let
X ∈ L2Rd (P) and let N ∈ N∗ .
1. The quadratic distortion function Q2,N at level N
attains a minimum
at an N-tupleox ( N ) ∈ (Rd ) N
n

In this way is possible to define a probabilistic
setting for the d−dimensional discretized version X̂ 1
if its continuous counterpart X. In particular, we
obtain a probability space (Ω, F , PX̂ ), where the set
of elementary events is given by Ω̂ := { x1 , . . . , x N }
and the probability measure

and Γ x( N ) =

(N)

xi

quantizer at level N

, i = 1, . . . , N

is an optimal

2.

2. If the support of the distribution P X of X has at
N ) has
least N elements, then x ( N ) = ( x1 , . . . , x N
(
pairwise distinct components, P ( X ∈ Ci ( x N ) ) >
0, i = 1, . . . , N (and minx∈(Rd ) N −1 Q2,N −1 ( x ) >
0). Furthermore, the sequence 7→ infx∈(Rd ) N Q2,N
converges to 0 and is (strictly) decreasing as long
as it is positive.

i = 1, . . . , N.

As a consequence, in view of our application to quantitative finance, integrals of the form E [ f ( X )] (for a
given Borel function f : Rd → R) can be approximated by the finite sum

∑

2
;
2

• The quadratic distortion function clearly satisfies

i =1

i =1

.

• If Γ = { x1 , . . . , x N } is an N-quantizer, then

∑ xi 1{X∈Ci (Γ)} .

N

2

Remark

N



E [ f ( X )] ∼
= E f ( X̂ ) =

1

1≤ i ≤ N

The resulting quantization of X is

PX̂ is 0 < PX̂ ( xi ) : P( X ∈ C ( xi )) =: pi ,

2

1≤ i ≤ N

Definition 0.8. The quadratic distortion function at level
N is the squared mean quadratic quantization errore on
(Rd ) N :


Q2,N : x =( x1 , . . . , x N ) 7→ E min | X − xi |2

The optimal choice of q and Γ represents the core
of quantization. For what concerns q, one easily
checks that, given ξ ∈ Rd , |ξ − q(ξ )| is minimized,
i.e., if and only if q is the nearest neighbour projection
on Γ.

X̂ Γ = ProjΓ ( X ) :=

1

An important quantity related to the choice of the
optimal quantizer is the so called distortion function
defined as

∑ xi 1{ξ ∈C (Γ)} .

i =1

= E min | X − xi |
=

Definition 0.7. Let Γ = { x1 , . . . , x N }. The nearest
neighbor projection ProjΓ : Rd → { x1 , . . . , x N } induced
by a Voronoi partition (Ci ( x ))i=1,...,N is defined by:

∀ ξ ∈ Rd ,

2

2

The following theorem, originally stated in Zador
(1963, 1982)[27]-[28], then generalized in Bucklew and
Wise (1982)[11] and revisited in Pages et al., (2004)[21]
in its non asymptotic version as a reformulation of
the Pierce lemma, gives a quantitative result about
the distortion magnitude.

f ( xi ) · pi .

The L p error induced by the quantization function
is called L p −quantized error and it is defined as
follows. [L p −quantized error] The mean quadratic
quantization error induced by an N-quantizer Γ ⊂ Rd
is defined as the quadratic norm of the pointwise er-

Theorem 0.2 (Zador). Let d ∈ N ∗ and let p ∈
( x, + inf).

will use the notation X̂ Γ or X̂ to denote the Voronoi Γ−quantization of X.
cardinality may be lower than N:
if supp(Px ) is finite, say supp(Px ) = x1 , . . . , x N0 ⊂ Rd , N0 ≥ 1 (with pairwise distinct xi ), then x ( N0 ) = ( x1 , . . . , x N0 is an
optimal quantizer at level N0 and minx∈(Rd ) N0 Q2,N0 = 0 and ∀ level N ≥ N0 , minx∈(Rd ) N Q2,N = 0.
1 We

2 It’s
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p+δ

1. [Sharp Rate] Let X ∈ LRd (P) for some δ > 0.
Let PX (dξ ) = ϕ(ξ )λd (dξ ) + ν(dξ ), where ν ⊥

chitz continuous differential DF, then, performing
the quantization exploiting an optimal quadratic
grid Γ and thanks to the associated Taylor expansion, we have:

∼

λd . Then there is a constant J p,d ∈ (0, +∞) such
that
1

lim N d

N →+∞

∼

= J p,d

x ∈(Rd ) N

Z

p

d

ϕ d+ p dλd

∀ N ≥ 1,

min

x ∈(Rd ) N

X − X̂

p

≤ Cd,p,δ σp+δ ( X ) N

where for r
∈
(0, +∞), σr ( X )
mina∈Rd k X − akr ≤ +∞.

− d1

E[ F ( X̂ )] = E[ F (E[ X | X̂ ])] ≤ E[ F ( X )],
hence, the quantization approximation is always a
lower bound for the true value of E[ F ( X )].

,

EPE Calculation

=

The analysis is focused to the EPE calculation for
option derivatives in Black-Scholes setting. Therefore the underlying is described by the stochastic
differential equation:

Remark
∼

• The real constant J p,d clearly corresponds to
the case of the uniform distribution U ([0, 1])
over the unit hypercube [0, 1]d for which the following slightly more precise statement holds:
1

lim N d
N

min

x ∈(Rd ) N
1

= inf N d
N

X − X̂ x

min

x ∈(Rd ) N

St = rSt t + σSt Wt , St0 = S0 ,
with solution

p

X − X̂ x

St = S0 exp

∼

p

= J p,d .

∼

value of J p,d depends on the norm on Rd under
consideration. When d = 1 and p = 2, case we
focus on, elementary computations show that
∼

1
J2,1 = √
.
2 3

• To compare numerical results obtained by
quantization versus those obtained by Monte
Carlo techniques, we analyze the order of convergence to zero of the distortion parameter. In
particular we have that
 the quadratic distortion

Q

EEk =

σ2
r−
2





t + σWt ,

Nk

∑ MtM



i =1

tk , S( xik )

+

pik ,

(1)

Q

EPEQ =

2

is of order O M− d .

∑kK=1 EEk ∆k
=
T



+ 
N
pik
∑kK=1 ∑i=k1 MtM tk , S( xik )

the accurancy of the approximation
 Regarding

E f ( X̂ ) , by means of the distortion’s properties, we
have the following proposition.

=

T

(2)
,

where pik = P( Xk ∈ C ( xik )). Therefore, starting from
S0 , the procedure is to compute the MtM for each
time bucket tk and for each quantizer xik , then it is
weighted by the probability pik . After that EEQ and
EPEQ are simply computed by the formula above.
As for the theoretical aspect of this approximation, we have:

Proposition 0.1. .
1. [Lipshitz case] Assume the function F : Rd → R
is Lipschitz continuous on Rd with Lipschitz coefficient [ Lip] F , then

≤ [ Lip] F X − X̂



where r > 0, σ > 0, (Wt )t≥0 is a Brownian motion
and S0 = S(t0 ) is the initial value of the underlying
St .
When we consider non path-dependent3 derivatives, the EE calculation, and therefore EPE, is based
on the choice of the parameter ( Nk )k∈{1,...,K } for quantization size at each time bucket tk k = 1, . . . , K and
compute the quantization approximation4 :

• Zador’s theorem holds true for any general
possibly non-Euclidean norm on Rd and the

|E[ F ( X )] − E[ F ( X̂ )]| ≤ [ Lip] F X − X̂

)2 .

3. [Convex case] If F is a convex function and X
is stationary, i.e. E[ X | X̂ ] = X̂, then by Jensen
inequality, we have:

.

2. [Non − Asymptotic Upper − Bound] Let δ > 0.
∃ a real constant Cd,p,δ ∈ (0, +∞) such that, ∀ Rd valued random vector X,
Γx

2

p

1+1

d

Rd

|E[ F ( X )] − E[ F ( X̂ )] ≤ [ Lip] DF ( X − X̂

X − X̂ Γx

min

Proposition 0.2. Let f be the pricing function of an option in the Black-Scholes setting, with d=1. Assume f is
Lipschitz continuous or continously differentiable with a
Lipschitz continuous differential and defined the distortion
EPE : = | EPE − EPE Q |2 . If the mesh ∆ is
parameter D N
k

1

.
2

2. [Smoother Lipshitz derivative case] If F is assumed to be continuously differentiable with Lips-

3 We consider as ndp derivatives not only plain European options but also European and American option with exotic
payoff such as spread option, mixed digital continuous, etc...
4 Indicated by Q.
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3. Multiple underlying.

regular, then
when f is Lipschitz continuous, we have:
EPE
DN

∝N

−2 −1

K

In each of three cases we have calculated EE, EPE
and PFE by Monte Carlo and quantization methods
in order to compare the two techniques in terms of
precision and efficiency.

,

and when f is continously differentiable with a Lipschitz
continuous differential,

Quantization Approach

EPE
DN
∝ N −4 K −1 .

Since in the standard Black-Scholes model the random component is the Brownian motion, one of the
most intersting points is to find the optimal quantizer for a d-dimensional Gaussian random variable.
The procedure, algorithms that perform this point
are explained in Gersho and Gray (1992)[15], Luschgy
and Pages (2006)[18], Pages et al. (2004)[21], Pages
and Wilbertz (2012)[23]. In our analysis we did not
deal with this point, indeed, when d ≤ 10 there is
a well-known literature dealing with the search for
an optimal quantizer in the Gaussian world, same
references mentioned above. In particular, in our
implementation we use the Gaussian optimal grids
available in The Optimal Quantization Web Site.
To determine the market valuation, we can proceed with a simulation approach for the underlying.
To obtain the simulated paths we can proceed in two
different ways:

The main hypothesis of the proposition concern the function f. In our case the function f is
MtM = E[ Payo f f ] which has good properties; indeed the MtM for a call option is convex and twice
differentiable, and for a put option is bounded and
Lipschitz. Therefore the example taken in cosideration the hypothesis on f are valid. On the other hand,
even if in the practice the ∆k are not equal, the first ∆k
are shorter, the regularity mesh assumption ensures
that no ∆k is dominant in the set of the time steps.
Furthermore, if we consider the price function f as
the basic variable of the EPE calculation, the computational complexity of quantized approach is ∑k Nk .
It can be compared with the number of Monte Carlo
simulations, MK.

Case Study

• (PDS) we can perform a path dependent simulation, i.e. generate for each simulation n a path
with an array of points ( xn,tk );

In this section we give an application of quantization
method in CCR, calculating EE, EPE and PFE.
As mentioned in the previous sections, we focus
our analysis to European option derivatives assuming
that the dynamic of the underlying St = {St }t∈[0,T ] ,
where T ∈ R+ is a finite maturity, is given by a
geometric Brownian motion, i.e.:

• (DJS) for each time bucket we can jointly generate our N · K points, where N and K.
We use the PDS approach implementing the steps
below:
Step 1 Select according to the computational effort
constraints the grid size N and the dimension
d to the time buckets cardinality, d = K;

St = rSt t + σSt Wt ,
where r is the risk free interest rate (associated to the
bank account), σ is the volatility of the underlying
and W := {Wt }t∈[0,T ] is a R-valued brownian motion
on the filtered probability space (Ω, F , Ft , P), where
{Ft }t∈[0,T ] is the filtration generated by Wt .
We consider European call and put options with
strike price K ∈ R+ and maturity T, written in St as
above. Then the fair value, for example, for a call
option is given by:

Step 2 Map each point of the quantization grid
( NxK ) to obtain a correct Brownian motion
increment realization:
√
xi,k → xi,k ∆k = ∆W̃,

∀i ∈ {1, . . . , N }, k ∈ {1, . . . , N }.
Step 3 Use the above increment in the Black-Scholes
diffusion to generate the N possible underlying paths Stk , according to the time buckets
tk , k = 1, . . . , d.



Ceu (S0 , r, K, σ, T ) := exp(−rT )E (St − K )+ =
"



+ #
σ2
= exp(−rT )E S0 exp
r−
T + σWT − K
,
2

Step 4 Calculate Payoff, MtM and all other quantities of interest (EE,EPE,..) using the probability
mass pi , i = 1, . . . , N, k = 1, . . . , d.

and the explicit solution is given by Black-Scholes
formula.
In particular we have focused our study on the
following cases:

Numerical Application

1. Single underlying - single European call option;

In this section we analyze and illustrate the three
cases mentioned in the previous section, that is:

2. Single underlying - portfolio of European call
and put option;

1. Single underlying - single European call option;
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2. Single underlying - portfolio of European call
and put option;

for quantization. Finally we evaluate the EPE, for
quantization we use the formula 2.
To compare the efficiency of the mentioned procedure we evaluate the deterministic percent relative
error ε with respect to the analytical value given by 3.
Regarding the Monte Carlo method we consider the
percent relative standard error (RSD).
To give an idea of the simulated paths of the
underlying Skn (k = 0, . . . , 9 is related to the time
buckets, n = 1, . . . , N is the n-th simulation) obtained
via the three different techniques, we report in the
figures 1-3 the paths generated in the case ATM and
σ = 20% for Monte Carlo, Monte Carlo-Sobol and
Quantization prospectively.
In tables 1-9 there are the Expected Exposure evaluated for any time bucket tk , the Expected Positive
Exposure and errors calculated with the method taken
in consideration. Each table refers to one of the possible combinations given by S0 ∈ {90, 100, 110}, σ ∈
{0.1, 0.2, 0.3}.
Just to give an example, in figure 4 there is the plot
of Expected Exposure evaluated with Analytical, Numerical, Monte Carlo, Monte Carlo-Sobol and Quantization methods, and in figure 5 the Potential Future
Exposure evaluated in the case ATM and σ = 20%5 .
As can be seen from the illustrated results, i.e.
by comparing the Expected Exposure and Expected
Positive Exposure values calculated via Monte Carlo,
Monte Carlo-Sobol and Quantization methods with
the benchmarks, those calculated analytically, the
Quantization provides better results: the EE and EPE
calculated are very close to the analytical ones. This
is also evident from the graphs of the EPE errors
reported in figure 6-8. Furthermore, analyzing the
errors the Monte Carlo relative errors RSD increase
when we consider the OTM case while the quantization relative error is stable.

3. Multiple underlying.
For what concern the parameters of the diffusion
process we set S0 ∈ {90, 100, 110}, r = 2%, σ ∈
{10%, 20%, 30%}, K = 100, T = 1 year. As regards
the time buckets, we consider the first, the second,
the third and the fourth week and the the second, the
third, the sixth and twelfth month of the year, i.e.


1 2 3 4 2 3 6 9
B T,K = 0, , , , , , , , , 1 .
52 52 52 52 12 12 12 12
Remark
The code used to evaluate the three cases was produced in Matlab.
Case 1: Single Underlying - Single European Call
Option
In this section compare the EE, EPE and PFE computed with the standard Monte Carlo method and the
quantization one. We analyze several cases, indeed
we consider several moneyness and volatilities. In
addition to such method we also calculate the quantities of interest by the Monte Carlo-Sobol method. We
use N = 103 for Monte Carlo and Monte Carlo-Sobol
simulations and for the quantization grid.
In addition, we also consider a numerical approach, in particular we use the Gauss-Legendre
method with a scheme of n = 103 points.
Since we are considering a European call option
in the Black-Scholes risk neutral framework, at any
time bucket tk , we can evaluate the EE associated to
the underlying Sk with the closed formula:
EEkA = E[ MtM(tk , Sk )+ ] =

= exp{r (tk − t0 )} MtM(t0 , S0 ),

(3)

Case 2: Single Underlying - Portfolio of European
Call/Put Options

where MtM(t0 , S0 ) is calculated with the BlackScholes formula 3.
For this reason, in this case, we also consider the
analytical evaluation and we use it as benchmark.
To simulate the underlying paths we use the exact
formula



p
σ2
S j,i+1 = Si,j exp
r−
∆ti + zi,j σ ∆ti , (4)
2

In this section we generalize the previous case by
considering a portfolio of European options. We calculate both EE and EPE. The portfolio may consist of
call and put options, included in a group of transaction with a single counterparty, which are subject to
a bilateral netting agreement, the so called netting set.
In this case the EE is:
!+

where i and j refer to the size of the time bucket and
simulation, respectively. The variable z is a normal
standard variable in the case of Monte Carlo simulation, a quasi-random variable based on the Sobol
sequence in the case of Monte Carlo-Sobol simulation and a point of the quantization grid in the of
Quantization method.
Once the underlying paths are obtained, we calculate EEk , k = 0, . . . , 9 (we have 10 time buckets)
averaging on the number N of simulation in cases
Monte Carlo and Monte Carlo-Sobol, via formula 1
5 The

D

EEt =

∑ MtMd (t, St ) − Vt

where D is the number of options and Vt is the collateral amount posted by the debtor. In what follow
we consider Vt = 0.
We consider D = 10 European options defined in
table 10.
Since in this case is not possible to calculate EE analytically, a closed Black-Scholes pricing formula for

plots of the other cases have not been inserted so as not to weigh the elaborate down.
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a portfolio with D > 1 does not exist, we a Monte
Carlo-Sobol method with 106 points as benchmark.
We consider the following parameters:

the quantized grid in order to obtain a quantized coherent with the covariance matrix Σ.
The procedure is the following:

• Spot price S0 ∈ {90, 100, 110};

1. Dilatation step.
In order ensure
that the second moments of the
quantizer are unbiased, we replace
the original quantization grid X =

• Interest rate r = 3%;
• Volatility σ ∈ {15%, 25%, 30%};
• Maturity T = 1 year;

(1)

B T,K =



(2)

(1)

(2)

{( x1 , x1 ), . . . , ( x N , x N )} with a new

• Time buckets:

(1,A)

one X A = {( xi


1 2 3 4 2 3 6 9
0, , , , , , , , , 1 .
52 52 52 52 12 12 12 12

where

(d,A)
xi

:=

(2,A)

, xi

(d)
xn
(d)
σN

)}, i = 1, . . . , N,
(d)

, d = 1, 2 and σN

is the standard deviation of the d-th
marginal component of the quantization
vector.

As in the previous section, we compare the EE
and EPE values calculated via Monte Carlo and Quantization with the benchmarks (EE and EPE evaluated
with Monte Carlo-Sobol with N = 106 ). We also analyze the percent relative standard error (RSD) via
the Monte Carlo method toghether with the percent
relative error ε for the quantization technique.
Numerical results are present in tables 11-19; observing the values we note the greater accuracy of
the quantization compared to the Monte Carlo. In
figure 9 and 10 we plotted the percent relative standard error RSD and the percent relative error ε to
highlight how quantization overperforms the Monte
Carlo method. Furthermore for some OTM situation
the Monte Carlo method show a huge RSD, particularly when EE is close to zero6 .

2. Decomposition step. we decompose the
covariance matrix Σ; Σ = Q T Q where Q
is a square root matrix.
3. Replacement step. We define the correlated quantized vector Z := QX A .
• Discrete combined Monte Carlo-Quantization
(DMCQ) The procedure consists in two steps:
1. Monte Carlo-Quantized step: starting
from an adjusted 2-dimensional or two
times from the same 1-dimensional grid
of size N, we simulate xn1 and xn2 , n =
1, . . . , N. It is none other than extract a
Monte Carlo sample from the discrete
random vector.

Case 3: Multiple Underlyings
In this section we generalize the cases proposed in the
previous section. Indeed, now we introduce and analyze the quantization technique in the d-dimensional
case with d> 1. This case can be represented by a
basket, for example a portfolio of trades on different
underlyings.
When d ≥ 2 the optimal quantizer does not reflect the unit variance property in the marginal of the
normal distrubution; precisaly, as illustrated in Lohndorf2015, the variance decreases as the dimension increases. This because the d-quantizer are distribuited
over a surphace of a sphere centred around the mean
and inside the sphere defined by the covariance matrix.
The vanilla basket option is a simple example to
see the variance effect. As matter of fact, the BlackScholes formula, for both call and put, is increasing in
the volatility, then discretizing the basket components
outcomes by the marginals of the 2-dimensional quantizer, we underestimate the basket value because of
the biased from below underlying component volatility.
In order to continue adopting the quantization technique also when d > 1, we use the following approaches, Bonollo et al (2020)[10]:

2. Cholesky step. Combine the outcomes xn1
and xn2 by standard Cholesky calculation
q
z1n = xn1 , z2n = ρxn1 + 1 − ρ2 xn2 ,
where ρ is the target correlation of the
original model.
The adjustment step (point 1 of ASQ procedure) is necessary only if we simulate
starting from the d = 2 grid. When d > 2
we apply the general Cholesky transformation or the square root matrix Q.
• Continuous combined Monte Carlo-Quantization
(CMCQ) This procedure is referred by Lohndorf2015 as VMCM - Voronoi Cells Monte Carlo,
which is a stratified sampling. It is similar to
the previous procedure, the difference is in the
Monte Carlo step. Here instead of just picking the discrete random outcome xn , we also
extract a continuous random value without adjusting from its Voronoi tessel C ( xn ) with some
simple mechanism, i.e. exploiting the uniform
distribution or the Gaussian one.
When in the tessel we use the Gaussian shape
for the second step, the methods is an improved Monte Carlo.

• Adjusted Straight Quantized (ASQ) The method
consists of applying a linear transformation to

6 In this case no significant counterparty risk has to be faced, so the huge error is not as relevant as it appears from
numerical point.
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Conclusions

2-Dimensional Case
In this section we propose the simplest example
to deal with the quantization for mutidimensional
case. To do this we consider functional based on
the Gaussian processes that well represent the issue related to the multidimensional option derivatives: we evaluate, by the aforementioned techniques,
V := E[max( X − Y, 0)], where X and Y are N (0, 1)
with correlation ρ. The error, ε or RSD, according to
the technique taken in consideration, is determined
by comparing the simulated
q value V with the true

In the present paper we introduced quantization approach with the purpose to show how outperforms
the classical Monte Carlo methods in the counterparty risk field. To reach our scope we compared
both methods in Expected Positive Exposure estimation, being a framework that has been interested by
an increasing attention, in the last years, especially
determined by problems of theoretical and practical
nature. We refer to the fact that a proper assessment
of the CCR exposure requires, in practice, costly
sophisticated mathematical solutions. Consider that
a medium bank easily has D = O(104 ) derivatives
deals and banking authorities for validating internal
models for EPE ask, at least, K = 20 time steps and
N = 2000 simulations, that implies a large computational effort. Feasible solutions are improving
the hardware resources as well as the algorithmic
methodologies. We would like to signal that, although, the present work analyse simple derivatives
and small dimension portfolios It gives promising
feedbacks regarding the efficiency of quantization
approach with respect to the standard Monte Carlo
technique, as well as some of its refinements, such
as the Sobol sequences. In our study, however, we
didn’t make a precise comparison oriented on computational costs since dependent on the hardware
and the language used for algorithm production.
Possible further research might be focused to treat,
through quantization method, more structured portfolios, respectively more complex payoffs, as well as
possible applications on xVA and SIMM frameworks.

1− ρ

one E[max( X − Y, 0)] =
π .
Results are reported in table 20 with N = 200
and N = 1000 in the case of quantization and Monte
Carlo respectively7 . As visible the ASQ procedure
provides very good values by comparing with the
true value.
In addition, in table 21 we report the computational
saving ratio (CS ratio) between ASQ and MC.

Fact 1. If we consider d > 2 the ASQ provides good performance despite the fact that as the dimension d increases
the asymptotic convergence quality decreases as stated by
Zador theorem.
Fact 2. As regards the CS ratio, it is obviously lower
when N is big, according with the convergence property
1
of MC (N 2 ) versus the quantization distortion given by
the Zasor theorem. This means that when N goes to the
asymptotic case, the MC performances tends towards the
quantization ones.

7 ASQ∗

is ASQ obtained by switching the two marginals.
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Annex
A.

Case 1: Numerical Results

Below we reported the numerical results of first case.

FIGURE 1: MC: simulated paths in the case ATM and volatility= 20%

FIGURE 2: MC-Sobol: simulated paths in the case ATM and volatility= 20%
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FIGURE 3: Quantization:simulated paths in the case ATM and volatility= 20%

TABLE 1: ATM,vola=10%: EE, EPE and relative errors

TABLE 2: ATM,vola=20%: EE, EPE and relative errors
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TABLE 3: ATM,vola=30%: EE, EPE and relative errors

TABLE 4: 10% ITM,vola=10%: EE, EPE and relative errors

TABLE 5: 10% ITM,vola=20%: EE, EPE and relative errors
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TABLE 6: 10% ITM,vola=30%: EE, EPE and relative errors

TABLE 7: 10% OTM,vola=10%: EE, EPE and relative errors

TABLE 8: 10% OTM,vola=20%: EE, EPE and relative errors
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TABLE 9: 10% OTM,vola=30%: EE, EPE and relative errors

FIGURE 4: EE: ATM and volatility= 20%

FIGURE 5: PFE: ATM and volatility= 20%
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FIGURE 6: Monte Carlo: EPE error

FIGURE 7: Monte Carlo-Sobol: EPE error

FIGURE 8: Quantization: EPE error
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B.

Case 2: Numerical Results

Below we reported the numerical results of second
case.

TABLE 10: Portfolio composition

TABLE 11: Spot price 90, σ = 15%: EE, EPE and errors
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TABLE 12: Spot price 90, σ = 25%: EE, EPE and errors

TABLE 13: Spot price 90, σ = 30%: EE, EPE and errors
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TABLE 14: Spot price 100, σ = 15%: EE, EPE and errors

TABLE 15: Spot price 100, σ = 25%: EE, EPE and errors
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TABLE 16: Spot price 100, σ = 30%: EE, EPE and errors

TABLE 17: Spot price 110, σ = 15%: EE, EPE and errors
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TABLE 18: Spot price 110, σ = 25%: EE, EPE and errors

TABLE 19: Spot price 110, σ = 30%: EE, EPE and errors
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FIGURE 9: MC: EPE RSD error for portfolio

FIGURE 10: Quantization: EPE error ε for portfolio
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C.

Case 3: Numerical Results

Below we reported the numerical results of third case.

TABLE 20: 2-dimensional case: techniques comparison

TABLE 21: 2-dimensional case: CS ratio ASQ vs MC
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Introduction on Money
Laundering and Financial
Terrorism Risks
Lorena Corna

T

he author would provide an overview of Anti-Money Laundering and Combating Financing of Terrorism
(AML/CFT) policies and procedures in place. In the first section, the author presents a general overview of
International Standards with a focus on interpretative notes on the risk-based approach and FIU. To follow, the
author gives a summary of the European legislation and the last contributions of Basel Committee and European Banking
Authority.

W

ithin the Risks whole that a Financial Institution should consider, the Basel Committee supports the Anti-Money Laundering
and Combating Financing of Terrorism (AML/CFT)
policies and procedures to avoid impact on reputational, operational, compliance and concentration
Risks.
This is the goal of “Financial Action Task Force Recommendations” [12]: it represents the international
foundation for all Countries and Financial Institutions. The mentioned recommendations have not a
legal force but they should be adapted in the national
context of each Country with the scope of hinder
money laundering and terrorist financing.
In addition to international standards, we have
the European regulations (the last one is Fifth European Directive 2018/843 [10], which integrate the
Fourth European Directive 2015/849 [11]) and the
national laws (in Italy it is represented by D. L. as of
November 21st , 2007 , n. 231, updated with D. Lgs.
as of October 4th , 2019, n. 125).
The last contribution is represented by the “Sound
Management of Risks related to Money Laundering and
Financial Terrorism” [3] of Basel Committee. In detail,
the Committee:

information, supporting the disclosure of the results
among the FIUs of other countries.

International Standards: the
FATF’s Recommendation
The FATF Standards represent a complete and robust
framework to contrast money laundering and terrorism financing. The first issue was in 1990: over the
years, we had several reviews of them until the last
available version in June 2019 which comprises the
Interpretive Notes.
The final version is composed of the following
paragraphs:
• AML/CFT Policies and Coordination. In this
section, the importance of identify, assess and
understand via risk-based approach (i.e. RBA)
the ML and FT risks is highlighted: to implement the risk-based approach is necessary a
financial sector with a high degree of experiences on AML/CFT. By adoption of this approach, the financial institutions can activate
the proper AML/CFT measures ensuring the
efficient use of their resources, in terms of cost
and human resources allocated. Due to the
AML/CFT risks nature, the national principles
should be reviewed periodically without: (i)
compromise the cooperation among FIU, supervisors, law enforcement authorities, etc.; (ii)
make a conflict between AML/CFT laws and
Data Protection and Privacy rules.

• Accentuates the possible risks when a Bank
use a third party (e.g. other banks, financial
institutions or other entities) to conduct the
Customer Due Diligence;
• Stresses on the risk-based approach application
for correspondent banking relation.
Next to the above organisms, we can see other
authorities named Financial Intelligence Units (i.e.
FIUs): they are national units with administrative
authorities that receive and analyze all the ML/FT
Issue n. 20 / 2021
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vention and the Terrorist Financing Convention, also the International Standards dedicate
a section on legislative measures like confiscation to hinder money laundering.

Supervisor can force the production of compliant information. In case of failure, the supervisory should impose a disciplinary and financial
sanctions, in line with Recommendation 35. As
mentioned before, each country should have a
Financial Intelligence Unit (FIU) that should receive and analyse the suspicious transactions’
reports and any relevant money laundering
information or related to terrorist financing.
As remarked in [12], “The FIU should be able to
obtain additional information from reporting entities, and should have access on a timely basis to
the financial, administrative and law enforcement
information that it requires to undertake its functions properly.” Next to FIUs, each Country
should have an investigative authorities with
ML/FT responsabilities and they can made a
parallel investigation with several techniquest
like undercover operations, intercepting communications, accessing computer systems and
ask to FIUs all the relevant information about
ML/FT crimes.

• Terrorist Financing and Financing of Proliferation. As already established in the Terrorist
Financing Convention, in the FATF’s Recommendation we have a section on terrorist financing and related measure to contrast them
like the freezing of funds or other assets.
• Preventive Measures. As stated in [12], “Financial Institutions should be prohibited from keeping anonymous accounts or accounts in obviously
fictitious names”. In detail, a Financial Institution should be called to do a customer due
diligence measure in some circumstance (e.g. in
case of unreliable information obtained with
customer identification process) using an independent source to validate the available information regarding customer’s identity, the
beneficial owner, the nature of the business relationship and transaction typologies: this analysis should be performed using a risk-based
approach. In case of unsuccessful results from
the procedure above, the Financial Institution
“should be required not to open the account, commence business relations or perform the transaction;
or should be required to terminate the business relationship, and should consider making a suspicious
transactions report in relation to the customer” [12].
These information should be adequately stored
by the Financial Institution and they should
be enough to allow the rebuilt the transaction
history in order to provide the evidence of
a criminal activity. Furthermore, additional
measures should be implemented for particular customers (e.g. Politically Exposed Person,
PEP) and activities (e.g. development of new
products and new business practices) to measure and mitigate their emerging risk.

• International Cooperation. The goal of last
section is encourage the international cooperation. Countries should offer “the widest possible range of mutual legal assistance in relation
to money laundering, associated predicate offences
and terrorist financing investigations, prosecutions,
and related proceedings.” [12] to enhance cooperation without jurisdiction conflicts among
the countries. This mutual legal assistance
is defined in terms of freezing, confiscation
and extradition requests and all the other possible forms of international cooperation (via
bilateral or multilateral agreements or arrangements).
Interpretive Notes on Assessing Risks and RiskBased Approach

• Transparency and Beneficial Ownership of
Legal Persons and Arrangements. The fifth
section of FAFT Recommendations is dedicated
to transparency and beneficial ownership of legal persons and arrangements: each country
should implement any measure to avoid the
improper use of them from money laundering
or terrorist financing.

The first interpretative notes in [12] is dedicated to
risk-based approach used to hinder money laundering and terrorist financing. The relevance of the
risk-based approach is established also with European Directive 2015/849: the latter recognizes that
the ML/FT risk can change and it sets mentioned
approach at the center of AML/CTF framework.
Using the risk-based approach (i.e. RBA), the
Financial Institutions can use a AML/CFT measures
proportionate with the risks identified. Then one of
the advantage of RBA is that the level of human and
financial resources allocated to obstruct the ML/FT
crimes are commensurate with the level of AML/CFT
risk: with higher risks, Countries should demand Financial Institutions “to take enhanced measures to manage and mitigate those risks; and that, correspondingly,
where the risks are lower, simplified measures may be permitted” [12]. The RBA implementation requires to
Financial Institutions a dedicated processes in order
to recognize, evaluate, supervise, handle and miti-

• Powers and Responsibilities of Competent
Authorities and Other Institutional Measures. As stated in sixth section [12], “Countries
should ensure that Financial Institutions are subject to adequate regulation and supervision and are
effectively implementing the FATF Recommendations”. In general, when Financial Institutions
provide a service of money or value transfer,
or money or currency changing, they should
be subject to effective systems in compliance to
national AML/CFT requirements. To permit
the realization of FATF Recommendations, the
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gate the money laundering and terrorist financing
risks. In detail, the Committee discourages the size
of operations or profits/losses of a bank as a ML/TF
risk indicator, due to the fact that risks can come
to light from small parts or activities of a Financial
Institution [3].
The RBA can be adopted also by supervisory authorities and, in this case, the RBA demands that
supervisors [3]:

After that, the second function of FIU is represented by data analysis. The FIU is encouraged to
adopt analytical software in order to increase efficiency of this function: in Table 22 we can see the
amount of suspicious transaction reports analysed by
Italian FIU collected through several platforms8 .
In order to enhance the value of information received and held by the FIU, the latter can perform
two different analyses:

• Improve a in-depth comprehension of risk level
and related impact on the supervised entities;

• Operational Analysis when the available information is used to identify the actors and the
link among them;

• Based on national risk assessment, evaluate the
adequacy of bank’s risk evaluation;

• Strategic Analysis when, based on collected information, is possible to recognize the ML and
TF patterns and trends.

• Understand the nature and size of supervised
institution in terms of customer base, products and services offered by Bank (in terms of
typologies and geographical locations);

The last FIU function regards the dissemination,
which can be spontaneous or after competent authorities request, of those analyses.
Concerning the Italian case, the collection and
management of data are supported by “RADAR” platform, in detail:

• Judge the adequacy of measure and controls
(including customer due diligence measures)
of Financial Institution for ML/FT risks.
The risk-based supervision model (i.e. RBS) has four
steps:

• The first assessment is done by Financial Institution that assigns a judgment (the latter
is expressed by five values scale). It is represented by “Signaler’s Rating” columns in Table
23.

1. The risk factors identification;
2. The ML/FT risks evaluation;
3. The allocation of AML/CTF supervisory resources based on the previous step;

• The second evaluation is performed with
RADAR: using the above estimation, it assigned another automatic rating value that includes further information available in the FIU
database. This rating value, expressed by five
values scale, can be changed or confirmed by
the FIU with the assignment of final rating that
will be presented to investigative authorities. It
is represented by “FIU’s Rating” rows in Table
23.

4. The monitoring and revision of the model.
In order to take advantage from RBS, the supervisors
should have:
• A clear knowledge of ML/FT risk level in a
country;
• On-site and off-site access to all relevant
ML/FT information about risks linked to customers, products and services of the supervised institutions.

From Table 23 we can see a convergence of rating provided by Financial Institution with the final
Rating of FIU: the 43.9 % of warnings have the FIU’s
final rating equal to the signaler’s one. When the
automatic rating provided by RADAR does not correspond to the real risk level, the FIU updates it
through a second level of analysis with the attribution of a final rating and a dedicated report writing
for investigative authorities about the analysis. During this phase, FIU can demand further information
to Financial Institution, refer to Revenue Agency’s
data and consult the foreign FIUs.
In case of money transfer warning, we have a third
assessment level that examines a multiplicity of transactions jointly. In detail, the mentioned transactions
have the following features:

The risk profile assessment of a Financial Institution is performed periodically, based on the major
changes and events in the management or operation
of the Financial Institutions. The supervisors should
be able to have operational independence and autonomy and each country should ensure a sufficient
level of resource to gain it.
Interpretive Notes on Financial Intelligence Units
The FIU’s definition and role are described in the
FATF’s Recommendation 29 and in the dedicated
interpretative note. The FIU, which is an independent and autonomous unit, receives and analyses the
suspicious transaction reports and all the relevant
information about money laundering and Financial
terrorism as well as related crime.
As first function, the FIU is a data collector that
includes suspicious transaction reports and all other
information as required by national legislation.

• Reduced amount;
• Several interested parties;
• Geographic dispersion.

8 e.g.

“RADAR” platform on “Infostat-UIF” portal, “SAFE System” with Italin investigative authorities, “FIU.NET”. of
European Union, “Egmont Secure Web” of Egmont Group, etc.
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TABLE 22: Suspicious transaction reports [2]

FIU’s Rating

Signaler ’s Rating
Low and
Medium-Low

Medium

Medium-High
and High

Total

Low and
MediumLow

16.8%

4.2%

1.3%

22.3%

Medium

15.6%

8.8%

5.5%

29.9%

MediumHigh and
High

12%

17.5%

18.3%

47.8%

44.4%

30.5%

25.1%

100%

Total

TABLE 23: Rating comparison between FIU and signaler [2]

This further analysis level is performed in order
to bring out significant connections that otherwise
would not emerge.
Currently, the data analysis performed by FIUs
is supported by SupTech tools, i.e. a set of data analytics tools that leverage on innovative technologies
such as [4]:

compromise the data quality: it is one of the new
challenges.
The issues that emerge with the increasing application of SupTech tools can be summarized in:
• Computational capacity, due to the large volume of data that represent the input of of
SupTech tools;

• Network analysis, i.e. the investigating structures techniques via networks and graph theory;

• Data privacy and confidentiality, in particular
it represents a limitation in the use of external
resources;

• Natural language processing, i.e. a set of algorithms to analyse and comprehend human
language;
• Text mining, i.e. a software that can recognise
concepts, patterns, and further characteristics
in a large amounts of unstructured text data;

• Efficiency versus effectiveness. Meanwhile,
the efficiency of SupTech is easily quantified,
we cannot affirm the same related to effectiveness, i.e. the output quality. Generally, the
effectiveness is evaluated with regard to the
reduction in the number of false-positives.

• Machine learning, i.e. a methodology to solve
a problem that updates itself via experience
and without or limited human intervention.

Despite the benefits of SupTech tools highlighted
above, the human evaluation is still crucial to evaluate and verify the results of such engines.

These methodologies permit the processing of a large
volume of data also coming from non-traditional
sources (such as newspaper articles, social media)
in order to strengthen the classic information and
to decrease the number of false-positive alerts. It is
important to highlight that the international nature
of financial context involves the necessity of share
the information among the FIUs of several countries.
These data can be collected in different ways among
the FIUs, therefore the FIU should be able to analyse
a large volume of data, harmonizing them without

Basel Committee Guidelines
As stated before, in July 2020 the Basel Committee
put out an update of AML/CFT Guidelines published in January 2014 [3]: this new version regards
the role of supervisors (i.e. paragraph 96 in Part IV)
and the interaction and cooperation between prudential and AML/CFT supervisors (i.e. Annex 5). The
document aims to promote the implementation of
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FATF Recommendation including the Basel expertise
and considering the feature of these risks.
One key point of Basel Committee Guidelines is
represented by Customer Due Diligence: to preserve
the Financial Institution reputation, the latter should
implement adequate policies and processes (in accord
with its risk profile) in order to avoid the Financial
Institutions’ use for criminal activities. Additionally,
the risk assessment for ML/FT Risks should be performed on different “degrees” (i.e country, sector,
bank and business relationship levels) and a proper
process should inform the authorities about it. The
international context and the size of Financial Institution can conduct a considerable amount of data
that should be monitored with automatic process, in
order to reduce and optimize the AML/CFT costs
without compromise the data management structure.
Then the bank’s profile is crucial in order to define the parameters that should be examined by IT
monitoring system and the latter should be qualified
to provide a detailed report to the Bank’s board.
To properly manage ML/FT risks, the Basel Committee identifies three lines of defence:

Customer Analysis
As stated in the fourth section of FATF Standards,
Financial institutions should start a Customer Due
Diligence (i.e. CDD) when:
• Establish business relations;
• Carry out occasional transactions9 ;
• There is a suspicion of money laundering or
terrorist financing;
• There are doubts about the veracity or adequacy of previously obtained.
With CDD, the Bank should identify the customer, the
beneficial owner and verify their identity, understand
the nature and reason of the business relationship.
The Financial Institution can extent this analysis using a risk-based approach.
Concerning the risk factors that a Financial Institution should consider during the assessment, the
European Banking Authority provided a Final Guidelines on CDD and risk factors that should be considered during the evaluation of ML/FT risk [8]. The
CDD “degree” depends from the business-wide risk
assessment, i.e.:

1. The first line, i.e. the business units. The
Financial Institution should provide to its
employees the training programmes about
AML/CTF procedures based on bank’s risk
profile and the ML/FT exposure of employees.

• In case of a low risk linked to a business relationship, the Financial Institution can apply
a Simplified Customer Due Diligence Measures (SCDD). As stated in Final Guidelines [8],
the Financial Institution can adapt the quantity, interval and kind of CDD measures to
the low-risk level. For Retail Banks, the Final Guidelines [8] suggests the SSD measures
that can be applied by Financial Institutions
(paragraph 9.15 of Title II, [8]).

2. The second line, i.e. the AML/CFT chief officer. As stated in [3], the AML/CFT chief officer
has “the responsibility for ongoing monitoring of
the fulfilment of all AML/CFT duties by the bank”.
The AML/CFT chief officer is the contact point
for authorities.

• If the risk associated with a business relationship is expected to grow, the Financial Institution must use the Enhanced Customer Due
Diligence Measures (ECDD). As confirmed in
Final Guidelines [8], the enhanced CDD measures do not replace the CDD measures, but
they will be used additionally to the latter. The
cases that should be treated as higher risk from
the Financial Institutions are established in European Directive 2015/849 and they are collected also in Final Guidelines [8] (e.g., the Financial Institution should use enhanced CDD
measures when the customer is a PEP). For Retail Banks, the Final Guidelines [8] suggests the
SSD measures that can be applied by Financial
Institutions (paragraph 9.13 of Title II, [8]).

3. The third line, i.e. the internal audit function.
The audit is performed on (i) the capacity of
the bank’s AML/CFT policies and procedures
to manage these risks, (ii) the bank’s staff capability to implement policies and procedures
(and validate the IT system if it is present);
(iii) the effectiveness of compliance; and (iv)
the efficacy of the bank’s training for relevant
staff. In many countries we can have also the
external auditors: in this case, the bank should
ensure that they have the proper expertise and
experience on bank’s risk profile.
Moreover, due to the international context of the
Financial System, we can have a Bank group with
branches in several countries. This circumstance requires the implementation of group-wide AML/CFT
processes and procedures. In this framework, the
biggest challenge is to promote the information exchange among subsidiaries located in different countries, considering the issues and obligations related
to local laws and regulations.

Usually, the evaluation of customer’s risk profile
is performed by Financial Institution via systematic
procedure considering several relevant factors, e.g.
“customer’s background, occupation (including a public or
high-profile position), source of income and wealth, country of origin and residence (when different), products used,
nature and purpose of accounts, linked accounts, business

9 The FATF Standards established that transactions should be (i) above the applicable designated threshold (USD/EUR 15,000);
or (ii) that are wire transfers in the circumstances covered by the Interpretive Note to Recommendation 16.
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activities and other customer-oriented risk indicators” [3].
Any material information gathered on customer activity should be used in renewing the client’s risk
assessment: these data should be retrieved by a reliable and independent source. In this assessment,
the Financial Institution should also include the risk
associated to complexity, transparency and size of
products, services or transactions [8].
Based on the results of CDD, the bank should be
able to decide if it is possible or not to open the new
account and perform the transactions. This procedure whereby the Financial Institutions could reject
to take part in or choose to terminate a business relationship with a customer due to a high level of
ML/FT risk is named de-risking: with it, the customer
could be blocked from financial services admission.
In order to mitigate ML/FT risks, the ongoing
monitoring is a key aspects that should be performed
concerning all business relationships and transactions
to detect unusual transaction or patterns of activities.
The management of CDD’s information requires a
focus on the following aspects:

of all European stakeholders.
With the leading role on AML/CFT, EBA promotes the implementation of a risk-based approach
for AML/CFT by competent authorities and Financial Institutions in the European Union. In order to
achieve this goal, the EBA:
• Enhance the EU-wide AML/CFT policy and
set regulatory expectations via standards,
guidelines, and opinions;
• Support the competent authorities to have
a harmonized AML/CFT approach in the
EU and promote a consistent enactment of
AML/CFT policy;
• With continuous consultation with all the stakeholders, the EBA promotes a common procedure to relieve ML/FT risks;
• Include the ML/CFT risk in the SREP process.
With the coordination function, EBA encourages
collaboration and information exchange among the
competent authorities. This aim is obtained with the
following EBA’s actions:

• Record-keeping. All the information collected
with CDD should be stored based on clear
rules considering also the privacy laws, in
other words “they should include a definition of
the types of information and documentation that
should be included in the records as well as the retention period for such records, which should be at
least five years from the termination of the banking
relationship or the occasional transaction”[3].

• Build a permanent internal AML/CFT standing organization (named AMLSC) where “its
main task will be to provide subject matter expertise
to inform the EBA’s work, and to prepare decisions
for the EBA’s Board of Supervisors” [5];
• Create a new AML/CFT database with qualitative and quantitative data to support competent authorities’ activities and promote investigations;

• Updating of information. With a regular upkeep activity of up-to-date information, the
CDD results can be useful for the banks in
order to monitor the suspicious activities properly and for the FIUs (or competent authorities)
to comply with their own tasks.

• Promote the cooperation among EU competent authorities and between competent and
prudential organizations;
• Collaborate with FIUs and supporting the cooperation with third-country institutions.

• Supplying information to the Supervisors.
The banks can be able to prove the suitability
of its CDD procedure and of all policies and
measures to evaluate and manage the ML/FT
risks.

The monitoring role of EBA consists to supervise
the implementation of European AML/CFT Standards, supporting the competent authorities to mitigate their vulnerabilities in the application of the
AML/CFT framework. This purpose is attained by
EBA with the following activities:

The Basel Committee puts the attention two features of terrorism financing: (i) it can derive from
legal sources and (ii) it can be performed via small
amounts. The Bank should be able, with CDD, to recognize potential financial terrorism transactions: the
Financial Institution should examine the customer
with the terrorist’s list provided by authorities. For
this reason, a bank should be capable to recognise
mentioned transactions and to put in place funds
freezing arrangements.

• Leading thematic peer reviews on AML/CFT
requirements;
• From EBA’s database, encourage competent
authorities to take corrective action in case of
a law breach.
In March 2021, the EBA published its final revision
of Guidelines on ML/FT risk factors with the aim of
more effective AML/CFT risk-based approach implementation. In this revision, the EBA provides new
guidance about risk factors of the CDD measures that
should be considered in the assessment of ML/FT
risks (as anticipated in the dedicated subsection “Customer Analysis”) providing the details about the degree of CDD measures that should be applied in line
with ML/FT risk level. Other major impacts regard
the insertion of new sectoral recommendations for:

European Banking Authority
Guidelines
Starting from January 2020, the EBA has the powers
to lead, coordinate and monitor the AML/CFT efforts
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• Crowdfunding platforms (Guideline 17 of [8]).
In this case, the risk can grow from the location of the crowdfunding service provider that
can be in a high-risk jurisdiction. The provider
should know their customers to block the misuse of crowdfunding platforms. The Guideline
provides the risk factors that can rise the risk
level, e.g. when (i) the provider allows early
redemption of investments; (ii) no restriction
on size, volume, or value of the transactions
by the crowdfunding platform is established;
(iii) the provider permits payments in virtual
currency. In the same way, the Guideline lists
the risk factors that can reduce the risk level,
e.g. when (i) low-value limits on size and number of payment are present; (ii) the creation of
multiple accounts on the crowdfunding platform is forbidden; (iii) limits on funds amount
stored in an account are present.

they are included in the payment chain, do not
carry out themselves the transaction and do
not keep payment service user’s funds. Both
of them should consider the risk factors related to the customer, distribution channel and
country or geographical area highlighted in
Guideline 18.
• Firms providing activities of currency exchange offices (Guideline 19 of [8]). Guideline
19 provides some circumstances for which the
MR/FT risk level can grow with this activity:
e.g. when (i) the transaction amount is oddly
large for the customer profile or in absolute
terms; (ii) the fund’s origin information is not
provided by the customer.
For all the above cases, the Guidelines [8] have provided dedicated recommendations about the CDD, in
particular when SCDD and ECDD should be applied.
Thanks to the EBA role explained above, the EBA
has reviewed the Guideline with a dedicated Consultation Paper [6] where they add further guidance
on critical aspects showed by ESA and FATF reports.
In order to have an effective implementation of the
risk-based approach, the key points in the draft recommendation are:

• Corporate finance (Guideline 20 of [8]). When
corporate finance services are supplied by
firms, the latter should consider the associated
ML/FT risks. In the Guideline are listed the
risk factor that can increase the ML/FT risk
level, e.g. when there is a lack of transparency
in the transaction that is illogical considering
the business purpose. Likewise, we have the
risk factors that can decrease the ML/FT risk,
e.g. when the customer is a Financial Institution with AML/CFT framework.

• Point out the relevance of a sectoral and subsectoral risk evaluation from competent authorities. The “sectors” and related risk factors are
defined in a Paragraph 25. This clarification
impacts the risk profile determination and the
latter should be defined considering the inherent risk besides the residual risks.

• Account information service providers
(AISPs) and payment initiation services
providers (PISPs) (Guideline 18 of [8]). These
services are defined by Article 4 of Directive
(EU) 2015/2366, i.e.:

• Highlight the several supervisory tools and furnish the instructions for the better use of them
by competent authorities. The supervisory actions used by competent authorities should
be proportionate to ML/FT risks and not on
the size and nature of the subject of assessment. This implicates that the RBA should
be executed at cluster level where the latter is
composed of comparable Institutions on the
features side and ML/FT risk level.

– “an account information service provider
(AISP) is a payment service provider offering account information services which in
accordance with the definition in point 16 of
Article 4 of Directive (EU) 2015/2366 means
online services to provide consolidated information on one or more payment accounts held
by the payment service user with either another payment service provider or with more
than one payment service provider);”

• Stress the relevance of a follow-up process and
how it should be done by competent authorities to define the better follow up actions.

– “a payment initiation service provider (PISP)
is a payment service provider pursuing payment initiation services which in accordance
with the definition in point 15 of Article 4 of
Directive (EU) 2015/2366 means services to
initiate a payment order at the request of the
payment service user with respect to a payment account held at another payment service
provider).”[8]

• Furnish the guideline on the supervisory strategy and plan fulfillment. In lack of them, the
competent authorities cannot put an effective
RBS model into effect, and the supervisory actions cannot have an incisive effect.
• Emphasize the relevance of cooperation among
the competent authorities and between the latter and the other stakeholders (e.g. tax authorities). In the mentioned draft guideline, there is
a mention of the informal channels and private
relations and relative riskiness for a correct assessment by competent authorities, therefore
this informal tools should not substitute the
formal channels.

They should be taken into account for ML/FT
risk because in the first case, the AISPs are not
included in the payment chain and do not have
ownership of payment service user’s funds; instead, in the second case, the PISPs, despite
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the FIUs, therefore “Member States should make
available the results of their risk assessments to each
other, to the Commission and to European Banking
Authority (EBA), European Insurance and Occupational Pensions Authority (EIOPA) and European
Securities and Markets Authority (ESMA)” [10].

In the light of AML/CTF rules, we can find the
European commitment in the Fourth Directive (EU)
2015/849 and Fifth Directive (EU) 2018/843.
The freedom of capital movements and supply financial services, the constant evolution of technology
and the means at the disposal of criminals required
the adoption of European rules against the money
laundering and the terrorist financing: this is the aim
of Fourth Directive (EU) 2015/849. Due to international context of these crimes, the European Union
recognises the importance of a compatible measures
with the international context and, for this reason, it
takes into account the FATF’s Recommendation described before. The European Union acknowledges
the importance of accurate and updated information
of obliged entities (the latter, defined in Article 2) to
track AML/CFT crimes, in detail [10]:

• The independence and autonomy of FIUs. The
intent of FIUs is “establishing links between suspicious transactions and underlying criminal activity
in order to prevent and combat money laundering
and terrorist financing” [10]. The coordination
and cooperation among FIUs are a significant
features to obstruct ML/FT crimes: for this reason, the EU Financial Intelligence Units’ Platform is defined as “an informal group composed
of representatives from FIUs and active since 2006,
is used to facilitate cooperation among FIUs and exchange views on cooperation-related issues such as
effective cooperation among FIUs and between FIUs
and third-country financial intelligence units, joint
analysis of cross-border cases and trends and factors
relevant to assessing the risks of money laundering
and terrorist financing at national and supranational level” [10].

• Member States should therefore ensure that entities
incorporated within their territory in accordance
with national law obtain and hold adequate, accurate and current information on their beneficial
ownership, in addition to basic information such as
the company name and address and proof of incorporation and legal ownership.

The Fifth Directive (EU) 2018/843 represents an update of the previous one: terrorist attacks, the proliferation of alternative financial systems and the “Action
Plan for strengthening the fight against terrorist financing”
have required a new version of legal framework. The
role of FIUs is remarked in Fifth Directive i.e. “to
identify the financial operations of terrorist networks, especially cross-border, and in detecting their financial backers”
[11]: to pursue this goal, FIUs should access to all
necessary information without undue delays and promoting the FIUs cooperation to exchange financial,
administrative and law enforcement information.
One of relevant update is to extend the scope of
Fourth Directive including the virtual currency networks that should be monitored with a “balanced and
proportional approach” [11]. This interest in virtual
currency networks is due to their anonymity feature:
in particular, the European Union established that
“FIUs should be able to obtain information allowing them
to associate virtual currency addresses to the identity of
the owner of virtual currency. In addition, the possibility
to allow users to self-declare to designated authorities on
a voluntary basis should be further assessed” [11]. The
Italian FIU received 732 warnings about the virtual
assets in 2019, where 84.4% of them was provided
by Banks and Postal services. However, from a qualitative point, the warnings about virtual assets are
inadequate to understand the actors and amount of
flows involved [2]. Next to the virtual assets, we have
the stablecoins: the transfer of these instruments is
based on blockchain and, at international level, some
studies are ongoing to provide guidelines against the
ML/FT crimes. Finally, also the anonymous prepaid
cards can be used with ML/FT purposes, for this
reason, the regulation establishes that the customer
should be identified when the transaction amount

• Member States can, for that purpose, use a central
database which collects beneficial ownership information, or the business register, or another central
register. Member States may decide that obliged
entities are responsible for filling in the register.
• Member States should make sure that in all cases
that information is made available to competent
authorities and FIUs and is provided to obliged entities when the latter take customer due diligence
measures.
• Member States should also ensure that other persons who are able to demonstrate a legitimate interest with respect to money laundering, terrorist financing, and the associated predicate offences, such
as corruption, tax crimes and fraud, are granted
access to beneficial ownership information, in accordance with data protection rules. The persons
who are able to demonstrate a legitimate interest
should have access to information on the nature and
extent of the beneficial interest held consisting of its
approximate weight.
The Fourth Directive (EU) 2015/849 does not consider only the “traditional” payment (i.e. large cash
payment) but also electronic money products and all
other activities performed online. Besides, the European Union, with this Directive, stresses the attention
on the following topics:
• The importance of risk-based approach to identify, understand and mitigate the ML/TF risks.
• The assessment of risks relating to cross-border
activities should be performed by such as the
Expert Group on Money Laundering and Terrorist Financing and the representatives from
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exceed 50 e (in case of remote payment transaction).
The Fifth Directive (EU) 2018/843 has been recognized in Italian law with the D. Lgs. as of October
4th , 2019, n. 125 entered into force on November 10th ,
2019.

Covid-19 Pandemic Impacts on
AML/CFT Risk
As asserted in EBA’s Opinion document [9], the
Covid-19 pandemic impacts also the ML/TF risks.
In particular, events like:
• The decrease of firms’ revenues;
• The increase of remote on-boarding of customers.
Exposed the financial sector to new ML/FT risks. Furthermore, the pandemic has brought out new crimes,
i.e.:
• Misuse of government and emergency funds.
In this case, we need to pay attention to the destination of mentioned financial flows and enhance the control procedure of them when they
are addressed to Countries with high ML/FT
risks.
• Frauds on the medical products sale. As remarked by the Italian FIU, it is necessary to
evaluate all the available data, in particular,
possible incompatibility or contradictory elements between the financial operation and profile of the actors involved in the transaction.
Moreover, the PEP’s involvements should require an in-depth analysis (e.g. the assessment
of emergency funds received with regard to
customer activities).
• Improper use of electronic payments and online services. Regarding the first case, the UIF
asked to monitor accurately the online transactions that can be related to the commerce
of non-existent or counterfeit products. Concerning the second case, the increase of online
services can augment the risk exposure of IT
crimes (e.g. phishing fraud).
As stated in [1], the suspicious transaction should
be signaled to FIU with promptness, highlighting
the Covid-19 emergency connection. Finally, also
the competent authorities have been impacted: in
particular, they recognized (i) a quality decrease of
CDD measures applied by Financial Institutions; (ii)
a reduction of AML/CFT resources allocated.
Furthermore, also the supervisory activities of
competent authorities have been impacted by the
health emergency and they required a rearrangement
of supervisory priority and plans. Therefore the inspections can be done remotely with virtual meetings
and the EBA role, i.e. the support in terms of management, coordination and monitoring of competent
authorities approach to the AML/CFT supervision,
is remarked in EBA statement [7].
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Impact of Covid-19
Announcements
on Financial Markets
Roberta Fontana

T

he purpose of this content is to provide a detailed analysis of the financial markets trend after the outbreak of the
novel Coronavirus, trying to explain how the covid-related announcements have affected the markets. In particular,
the paper focuses on highlighting the differences between the first and second wave of Covid-19. After a brief
illustration of the pandemic effect on financial markets during 2020, two main categories have been identified among the
announcements that most influenced the markets: medical bulletins, which report the daily number of confirmed cases and
deaths, and government actions to counter the health and economic impact of the pandemic, including closure policies and
social distancing, prevention campaigns and the use of medical devices and economic aids.
These measures, together with the redundancy of news talking about the severity of the pandemic, also affected investors
sentiment, which in turn weighed on equity market returns. Through a pooled OLS regression analysis with panel data,
we find that during the first wave the stock market reacts negatively to the rise in confirmed cases, to lockdown and social
distancing policies. Throughout the second wave, the markets are generally independent of medical bulletins and reacts
negatively to the increase in government healthcare actions. The introduction of vaccine may have played a crucial role
in these months, bringing new hopes and changing the markets trend. For this reason, future studies may focus on the
relation between vaccines administrations and stock markets.

O

n December 31st , 2019, the World Health
Organization (WHO) identified the first case
of the novel coronavirus in the Chinese city
of Wuhan. WHO named the infectious disease as
“Coronavirus disease 2019 (Covid-19)” and said that
Covid-19 belongs to a large family of coronaviruses
already known for predisposition to cause respiratory infections ranging from the common cold to
more severe diseases such as Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory
Syndrome (SARS).
In early and mid-January the virus started to spread
across other Chinese provinces. Although Wuhan
officials declared a complete travel ban in terms of
its residents on January 23rd , 2020, the virus still
propagates quickly. The WHO declared a global
emergency due to the rapidly spreading of Covid-19
on January 30th , 2020. By assessing the risk of spread
outside China and severity of Covid-19, WHO declared this virus as a pandemic on March 11th , 2020.
As of the end of 2020, the bulletin was a cumulative
number to over 79 million reported cases and over
1.7 million deaths globally since the start of the pandemic, and it is constantly increasing.
From the beginning of the spread, it was clear that
the pandemic is not only a global health emergency,
but it also led to a major global economic downturn,
particularly reinforced by the containment measures
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that help slow the spread of the virus. In the shortterm, as many countries adopted strict quarantine
policies, their economic activities were significantly
limited. In the long-term, consequences of this pandemic are arising from mass unemployment and
business failures. Most economists expect the unemployment rate to continue rising in 2021. Moreover
some industries, such as tourism and aviation, are
facing severe hardships.
While the exact global economic impact is yet to be
defined, especially in the long-term, financial markets have immediately responded to the Covid-19
outbreak with dramatic movements. Coronavirus led
to worldwide declines in stock prices, increases in
stock-price volatility, decreases in nominal interest
rates, and likely to contractions of real economic
activity, as reflected in real GDP.
The pandemic has also unleashed an extraordinary
shock to the global commodity market by affecting
both the demand and supply simultaneously. Especially, on April 20th WTI crude oil prices fell to
negative values for the first time in history.
National-level responses to the disease are also unprecedented. On the one hand, in order to contain
the disease, governments are taking emergency measures, such as shutdowns for social distancing and
investments in testing and quarantining the suspected cases and treating the confirmed cases. On
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the other hand, governments, from finance ministries
to central banks, are rolling out support and stimulus packages to contain the economic damage. For
example, on March 15th , 2020, the Federal Reserve
(FED) embarked on a slew of emergency actions,
most notably slashing its key interest rate to zero
percent and launching a Quantitative Easing (QE)
program of at least $700 billion. Despite these actions,
on March 16th stock prices took their steepest dive
since 1987’s Black Monday.
Although most stock markets have begun rebounding after the first wave, with a recent incentive thanks
to the Covid-19 vaccine introduction, a great deal of
uncertainty remains as the pandemic continues.

Economic turmoil associated with the Covid-19 pandemic has had wide-ranging and severe impacts
upon financial markets all over the world, including stock, bond, and commodity (especially crude
oil and gold) markets. Major events included the
collapse of crude oil prices, which reached negative
values for the first time on April 20th , 2020, and stock
market crash between the end of February and April,
characterized by multiple severe daily drop in global
stock markets.
In search of safety, investors’ demand for long-term
government bonds issued by the US and Germany
increased. Over the same period, the yield on 30-year
US Treasuries decreases by almost a percentage point,
driving prices of 30-year bonds up by approximately
30%. We can see a similar rally in German Bunds,
which are considered as the safe assets in the Euro
area [5].

The aim of this work is to get a full picture of the
shock caused by Covid-19 on stock and commodities market, identifying the impact of covid-related
news, such as medical bulletins and the government
intervention announcements. It also investigates the
differences between the first and the second wave,
describing the impact of the Coronavirus vaccine.
The paper is structured as follows:

The next sections focus on the impact of Covid-19 on
stock and commodity markets. In particular, Section
“Impact on Stock Market” describes the stock market
crash and the following recover, with an analysis of
stock market fear and uncertainty which arose from
the Covid-19 outbreak, while Section “commodity”
describes the reaction of commodities market to coronavirus, mainly focusing on the most relevant impact
on crude oil.

Chapter 1: the first chapter analyses the effects of
Covid-19 disease on financial market. In particular, it focuses on stock market, looking at the
main indexes and describing the Coronavirus
crash, the following recovery and the influence
of the vaccine introduction. It also describes
how the Covid-19 outbreak led uncertainty in
the stock markets. Among the commodities
market, crude oil crash is analysed, which followed the Russia-Saudi Arabia oil price war.

Impact on Stock Market

Chapter 2: this chapter introduces the covid-related
announcement which most influenced financial markets. In particular, the author considers
the impact of medical bulletins and of government interventions, but also how the disclosed
information impacted market sentiment, bringing a lot of uncertainty among investors.

Stock Market Crash
Stock markets around the world have tumbled since
late February, when international investors start getting worried about the coronavirus spread outside of
China and its impact on the global economy.
Between February 20th and April 7th , 2020, financial
history experienced the fastest fall in global stock
markets and the most devastating crash since the
Wall Street Crash of 1929, identified by multiple and
severe daily drops.
On March 9th , the US stock market lived its worst
day since the Great Recession of 2008, fuelled by the
coronavirus pandemic and the Russia-Saudi Arabia
oil price war. On March 12th , the US suffered from
the greatest single-day percentage fall since the 1987
stock market crash, after President Donald Trump declared a 30-day travel ban against the Schengen Area.
The largest drop was reached on March 16th : on this
day, Wall Street suffered its biggest drop since the
crash of 1987 and the S&P 500 Index tumbled 11.98%,
closing at its lowest level since December 2018 and
reaching the third largest daily percentage drop on
record. Overall, in just six trading days, between
March 9th and 16th , 2020, US stock market observed 3
out of 15 worst historically recorded days.

Chapter 3: after having described the variables composing the dataset, the numerical analysis is
performed. To study covid-related announcement impact on stock markets, first some descriptive statistics are shown, then the correlation between all the variables is studied and
finally pooled OLS regression on panel data
is used. In particular, the dataset is divided
into two time windows, in order to find the
differences in the stock markets reaction to
Covid-19 first (January 22nd to April 30th , 2020)
and second wave (October to December, 2020).
Chapter 4: the last chapter draws the conclusions
of the analysis, highlighting the main results.
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FIGURE 11: On the left: S&P 500 index trend between January 2nd and December 31st , 2020. Vertical dashed lines correspond to the WHO announcement of pandemic state on March 11th , to the market drop on March 16th and to Pfizer
announcement of November 9th . On the right: percentage value of the S&P 500 daily variability

As an example of the scale of this market crash, Figure 11 plots the daily trend of the S&P 500 Index
from the beginning of 2020, together with its daily
variability.
An even worst trend was observed for European
markets, which began to fall sharply at the end of
February 2020 registering higher negative returns if
compared to other markets. This may be attributed
to higher media coverage in the pandemic period,
which caused markets to decline and volatility to
rise. Another cause could also be the early lockdown
announcements, which resulted in a shut down of
almost all the economic activities.
On February 24th , after Italy imposed a strict lockdown in Lombardy, the FTSE MIB fell over the 5%
and the European stock market index EURO STOXX
50 dropped 4.01%.
European stocks suffered the steepest losses on
March 12th , their worst day since 1987, when EURO
STOXX 50 index fell by 12.40%, and Italian FTSE MIB
reached its worst day on record.
Differently from US and Europe, Chinese market
showed a lower decline in retains and remained stable. After the worst day recorded on February 3rd ,
when stock markets in China suffered the biggest
daily fall in five years, Chinese markets showed relative stability on March, when the rest of the world’s
stock markets crashed. This might be supported by
the hopes coming from the government’s claims that
the Coronavirus outbreak is under control in China
itself, and by the anticipation of further easing measures in fiscal policy to support the economy.
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Stock Market Recover
After the “Black Monday” of March 16th , identified
as the peak of the Coronavirus Crash of 2020, banks
and reserves across the world cut their interest rates,
bank rates and cash-flow rates, as well as offering
unprecedented support to investors and markets. As
consequence, American and European stock market
prices began an increasing trend.
On March 24th , 2020, hopes for an agreement on a
US stimulus package pushed a remarkable bounce in
US stocks. The DJI jumped by 11.37%, the NASDAQ
8.12% and the S&P 500 closed up 9.38%, for its best
day since October 28th , 2008. The same day, European equities rebounded on aggressive central bank
action and stimulus plans from major governments.
Markets were heartened as well by a slowdown in
the number of new cases in the virus hub of northern Italy and by a pledge of more coordinated economic action from the G7 finance ministers and central banks.
For US stocks, April was the best month since 1987,
although at the same time real economic indicators,
such as employment, manufacturing, services, trade,
commodities and GDP, got worse.
During the following months, US stock market completely recovered and exceeded pre-covid values: on
August 18th , the S&P 500 closed at 3389.78 points,
about three points above its February 19th record and
a new peak of 3580.84 points was reached on September 2nd .
On the other hand, European stock market not yet
reached pre-crisis levels, even if an increasing trend
started in April. On July 21st EURO STOXX 50
reached the higher value after the pandemic outbreak
of 3405.35 points (its value was around 3800 points
on January). August was a bullish month for Euro-
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FIGURE 12: European (VSTOXX, blue line) and US (VIX, red line) daily volatility index between January 2nd and December
31st , 2020.

pean markets, with EURO STOXX 50 rising 3.09%,
but on September markets turned bearish, with decreases between -1.43% for the DAX and -3.15% for
the FTSE MIB: as the summer came to an end, latest spikes in Coronavirus new cases across the EU
alarmed investors and concerns over the reintroduction of more stringent containment measures to curb
them weighed.
In October the situation further worsened, with the
spread of the second wave of Covid-19 around Europe, which forced governments to respond: EURO
STOXX 50 slid by 7.37% and German DAX by 9.44%,
while the CAC 40 and FTSE MIB ended the month
down by 4.36% and 5.64%.

In Italy, the first vaccines have been administrated
on December 27th , when 9750 doses were delivered.
As of December 31st , 2020, nearly 10 million of doses
have been administered worldwide.
Global equities immediately reacted with a rally to
Pfizer and BioNTech announcement on November
9th , even if caution over the depth of the Coronavirus
pandemic and an uncertain US political climate limited gains. In particular, positive effects were seen
for the indexes of Europe, where many countries
suffered new restrictions and lockdowns due to the
second wave. EURO STOXX 50 closed at +6.26%, UK
FTSE 100 rose 4.67%, FTSE MIB 5.43% and CAC 40
even grew by 7.57%.
Wall Street also increased: S&P 500 rose 1.17% and
the Dow Jones added 2.95%. On the other hand,
companies that have become synonymous with lockdowns in the west, including Zoom’s video conferencing and food delivery firms, saw falls in their
value. Even the technological sector index Nasdaq
Composite decreased 1.53%.
The following news of the Moderna vaccine comes
as Coronavirus cases in the United States increased.
A new positive day for stock markets was observed,
with between around 1,50-2%.
Overall, November 2020 was a great month for investors globally, amid positive news on vaccine development and hopes for economic recovery that led
to stock indexes gains. EURO STOXX 50 closed at its
monthly record with a rise of over 18%; however, despite this progress, the European index is still around
5% lower than its value at the beginning of the year.
United States also performed well, with a monthly
rose of 10.75% for the S&P 500. Finally, even if the
positive effects on Chinese stock market were lower,
the Shanghai Composite closed the month with an
increase of 5.19% compared to October 2020.

Vaccine Impact on Stock Market
Since the Coronavirus outbreak, a vaccine to prevent
the disease has been the best hope for ending the
sanitary emergency, by reducing the degree and risk
of infection, thereby decreasing transmission rates
and ultimately controlling and defeating the virus.
Covid-19 vaccine research began in January with the
deciphering of the SARS-CoV-2 genome. More than
100 possible vaccines have been tested around the
world, with the first vaccine safety trials in humans
started in March 2020.
On November 9th , the companies Pfizer and BioNTech made history by presenting preliminary data indicating that their vaccine was over 90% effective. Exactly one week after Pfizer announcement, on November 16th , Moderna announced the first preliminary
data from the trial of a new vaccine declaring an
efficacy of 94.5%, followed by the complete data on
November 30th .
The vaccination campaign against Covid began on
December 14th , in the United States and in Canada.
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December 2020 has been the month in which the first
vaccinations started worldwide. As expected, it has
been a positive month for stock market, even if big
daily jumps were not observed in the main US and
European stock indexes.
On December 29th , a few days after the first vaccine
administrations around Europe, EURO STOXX 50
reached 3581 points, its highest value since the pandemic outbreak. Similarly, the S&P 500 closed the
year reaching the maximum value of 3760 points on
December 31st . This suggest a complete recover of
the US stock market after the crash.

Generally, values higher than 30 points indicate increased volatility, while values in the low teens are
indicative of low volatility.
On March, the financial markets volatility far exceeded the levels of previous economic and financial
crisis, bringing the “Fear indexes” to levels never seen
before. The same as for the S&P 500, days between
March 9th and 16th , 2020 were decisive for the volatility index: on March 9th the VIX hit 62.12 points, the
highest level since the 2008 financial crisis, when it
closed at a record of 80.74 points. On March 12th , the
VIX closed at 75.47 points, exceeding the previous
value. This record was broken again on March 16th ,
when the VIX closed at 82.69 points, the highest level
since its inception in 1990.
Similarly, the European VSTOXX reached an all-time
value of 85.62 points on March 16th , much higher
than the 60 points reached in 2008: the fear and uncertainty of investors was at its maximum.
After the peaks reached in March, the volatility indexes decreased, although still remaining higher than
the values prior to the pandemic outbreak. This reveals the uncertainty about the future of this virus,
the hopes for a vaccine discovery and distribution
and the fear of a new increase in infections that would
lead to a second wave of Coronavirus.
A new peak was observed on June 11th , when VIX
rose to 40.79 points, with a record daily jump of
47,95%, as concerns over a resurgence of the novel
Coronavirus pandemic felled US stocks. On the day
after, also VSTOXX rose to 41.41 points, its highest
closing value since April 22nd .
During the summer the volatility indexes values lowered, to grow again between September and October,
driven by the fear of the second wave of Covid-19 that
was spreading around. The last considerable peak
of the year was hit on October 28th , when VIX and
VSTOXX went up to 40.28 and 38.26 points, respectively. Along with the pandemic, uncertainty about
the outcome of the US presidential election helped to
maintain high volatility in US stocks.
Finally in November, as the S&P 500 climbed 10.75%,
the fear gauge declined, touching the value of 20.57
points on November 30th , its lowest level since February 21st , and remained almost stable also in December, thanks to the vaccine announcements and administrations between November and December, which
boosted confidence in the future strength of the economic recovery.

Stock Market Uncertainty
In Section “Stock Market Crash”, we focused on stock
market values downturn to describe the Coronavirus
crash. However, as documented in [3], since the disease has brought extreme uncertainty with respect to
how deadly the virus really is, whether there would
be a vaccine and when it would be available, what
effects government policies will have, how people
will respond, and so on, the reaction of stock market
investors is also mixed with unprecedented volatility.
For this reason, it is very important to analyse also
stock market volatilities to understand the prominence of Covid-19 crisis.
In [4] the authors used textual analysis of news mentions to characterize the nature of stock market jumps
(defined as a daily move in the stock market greater
than 2.5%, up or down) and found that Covid-19
pandemic has resulted in the highest stock market
volatility among all recent infectious diseases, including the Spanish Flu of 1918. While other periods have
seen large declines or increases in equity markets over
longer periods, the Covid-19 crisis was characterized
by an extremely high frequency of large daily stock
market moves.
It is important to stress that large daily stock market
jumps during the crisis were in both directions. Indeed, stock markets moved up and down with the
news of Covid-19 and related control measures or
stimulus packages, such as direct fiscal support or
decrease in interest rates. For instance, as already
underlined in the previous section, US stock market
observed 3 out of the 15 worst trading days in history between March 9th and 16th , but one of the top
10 surges ever seen in the market also took place in
these days [9].
Other international factors are also causing systematic risk and moving stock markets together with
Covid-19, such as the tussle between Saudi Arabia
and Russia over oil supply and prices.
To give a complete analysis of the stock market volatilities, we can also look at the US and European daily
volatility indexes, i.e. the VIX (the so called “Fear
Gauge” or “Fear Index”) and VSTOXX, the “European VIX”, plotted in Figure 12.
Usually, VIX values stays between 12 and 35 points
the majority of the time, but it has also dropped into
the single digits and has reached more than 75 points.
Issue n. 20 / 2021

Impact on Commodities Market
The worldwide outbreak of Covid-19 has been followed by a substantial downturn in the global commodity markets. Commodity prices have reacted
strongly to the Covid-19 crisis, reflecting changes
in supply and demand due to mitigation measures
adopted to limit the contagion.
Due to the restrictions in travelling and complete
lockdowns in some countries, demand and supply of
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FIGURE 13: Oil prices, measured in US $ per barrel, for Brent and Texas West Intemediate (WTI), from January 2nd to
December 31st , 2020. The -$37 price crash for WTI on April 20th was due to oil glut in the USA and lack of spare storage in
Oklahoma’s Cushing, the main delivery route for WTI crude oil.

commodities suffered extreme tremors. The oil market has been significantly affected by this pandemic
outbreak by facing the unprecedented fall in its demand and steepest reduction in its price recorded
in the month of March. Metal prices also faced a
declining trend after the virus outbreak, while the
agriculture sector has been the least affected due to
its indirect association with economic activities [10].
In this section we focus on studying the oil market,
being crude oil the most commonly traded energy
commodity and the hardest hit by Covid-19 outbreak.

than 13% in quarterly oil demand compared with
the first quarter (Q1) of 2019. Moreover, the reduction in economic activities has further reduced the
consumption of oil on global levels. However, China
represented a notable exception, since after the slight
oil consumption fell in Q1 has recovered amid rebounding activity and stockpiling, with consumption
in Q2 higher than the previous year. The strength
in consumption in China further continued, with imports of crude oil in September up nearly 18 percent
from the previous year [11].
The Coronavirus damage beyond China became
clearer during March, as the outbreak moved to Europe and to the US and a growing number of countries imposed strict containment measures. Oil demand declined by more than 10 millions of barrels
per day (mb/d) relative to March 2019, pushing Q1
2020 demand in advanced economies down by 2.3
mb/d.
Coinciding with the drop in oil consumption was the
feud between Russia and Saudi Arabia, the world’s
top oil producers, which announced in early March
2020 that they would increase their production in
order to secure their market shares.
Therefore, oil was hit on both the supply and demand side, and the consequent oversupply of crude
oil resulted in international prices crash, as we can
observe in Figure 13: on March 9th , Brent oil dropped
by 24.10% in a single day and WTI by 24.59%, this
was WTI’s second worst day on record. On March
18th WTI crude fell again 24.42%, to settle at $20.37
per barrel, its lowest level since February 2002.
Due to the uncertainty in oil demand, the OPEC
has agreed on the production cut of 9.7 mb/d in April
9th , almost 10% of global oil supply. Given that usual
global consumption was approximately 100 mb/d,
this reduction no longer seemed appreciable. This

Crude Oil Market Crash
Crude oil is the most commonly traded energy commodity, with over 87 million barrels traded every
single day. It has different variations based on geography and physical characteristics: West Texas Intermediate (WTI) and Brent Crude are two of the most
frequently traded varieties.
The crude oil market has been significantly shaken by
the outspread of Covid-19 as its price is declined by
two-third since January 2020, changing from about
$60 a barrel to below $20 at the end of March (Figure 13) and recording the lowest prices in the past
two decades.
The major factor governing the oil price drop was a
significant reduction in transportation activities owing to preventive lockdown measures. Given that
mobility constitutes the 57% of global oil demand,
its declination has caused a disproportionately large
impact in the fuel consumption in many countries
worldwide. According to the International Energy
Agency (IEA) Global Energy Review, in China the
lockdowns began to curb mobility from the end of
January, resulting in an estimated decline of more
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was reflected in the markets as oil prices continued
to tank even after this consensus was reached.
On April 20th WTI lived its wort day, crashing and
plunging below zero for the first time in history. This
crash from $17.85 to -$37.63 a barrel, a record drop
of 306%, was due to oil glut in the US and to a lack
of spare storage: as the supply of oil continued and
demand was decreasing, the glut of crude oil was
quickly filling up storage facilities globally and American energy companies were running out of space to
store it. According to IEA, crude stockpiles at Oklahoma’s Cushing hub, the delivery point for WTI
future, reached nearly 55 million barrels since the
end of February 2020, an increase of almost 48%,
when the storage site only has a working capacity of
76 million. Moreover, the panic was apparent in the
futures market as the May contract expiry of March
21st approached and traders deliberated on how they
would take delivery of physical barrels of oil when
storage sites were reaching full maximisation; therefore, there was a significant sell-off of May contracts,
pushing the prices to negative values.
On the other hand, Brent remained more stable, lowering by 8.94% on April 20th . This was thank to the
fact that Brent is seaborne and can be easily transported through various pipelines and stored via floating storage. Nevertheless, Brent oil price declined
24.40% on April 21st , reaching $19.33 a barrel, the
lowest since 2002.
After plunging in March and April, crude oil prices
saw a robust recovery in May and June, and averaged $42 per barrel in Q3, remaining almost onethird lower than their 2019 average. According to the
World Bank [11], the recovery in prices was driven
by a sharp reduction in production, especially by
OPEC+ after the agreement of April 9th , as well as by
a modest recovery in consumption since lockdown
measures were eased and travels and transports began to pick up. However, the weakness in jet fuel
consumption, which has been the most affected given
the collapse in air travel, was expected to be significantly more persistent, making the full recovery of
oil prices more lengthy. Between September and October prices fell a little, as worries about a second
wave of the pandemic in the Northern Hemisphere
intensified.

resulting increase in fuel demand.
However, the crude prices faded again on Friday
13th , highlighting that the pandemic continues to be
a major force in an oil market that still faces a lot of
uncertainty. Obviously, the negative jump was driven
by the second wave, but also by the Libyan decision
to increase oil production.
Nevertheless, oil prices resumed their growth in the
following weeks. On November 24th they reached
their highest value since March, with Brent crude
gaining 3.91% to $47.86 per barrel, and WTI rising
4.30%. Oil prices have also been buoyed by hopes
that OPEC and its allies, including Russia, will extend the duration of production cuts to offset weak
demand during the winter months.
Overall, both WTI and Brent crude oil closed the
month of November with a rise of about 27% with
respect to October.
In the meeting that lasted from November 30th to
December 3rd , 2020, OPEC+ agreed on a staggered
production increase over the first three month of 2021
or longer, starting with a raise of 500 000 barrels a day
in January. This agreement, together with the positive
Covid-19 news, brought an improvement in crude
oil prices during the entire month. On December
18th , crude oil prices touched a 9-months peak, reaching their maximum values since the market crash on
April: WTI and Brent closed at $49.10 and $52.26 a
barrel, respectively.

Oil Market Outlook
The Covid-19 pandemic is expected to have a lasting
impact on both oil consumption and production and
therefore on its cost. According to the [11] October
outlook, oil prices are expected to average $44 per
barrel in 2021, still significantly lower than their 2019
level of $61/bbl. By the end of 2021 consumption
is expected to be 5% below its pre-crisis trend, with
China the only exception, where consumption will
be higher than in 2019. On the supply side, OPEC+ is
expected to ease its production cuts and non-OPEC
production is expected to rise.
However, the outlook is subject to heightened levels
of uncertainty since responses to Covid-19 continue
to evolve and also do to the development and distribution of the vaccine, which could speed up the
economic recovery.

Vaccine Impact on Oil Market
After the crude oil crash in April, between June and
October prices remained almost stable at around $40
per barrel. At the beginning of November, an increasing trend in crude oil prices began, which continued
throughout December, as we can see from Figure 13.
On November 9th , after Pfizer announcement, hopeful news about a Covid-19 vaccine gave oil prices a
big boost: Brent crude recorded a daily growth of
7.48%, and even more WTI rose by 8.48%. This positive jump reflects the expectations that post-pandemic
life is perhaps not as distant as once feared, with a
Issue n. 20 / 2021

What Affects Financial
Markets during Covid-19?
Section “Impact of Covid-19 on Financial Markets”
explains what impact the Coronavirus had on stock
and commodities markets. As a second step, we
are interested in understanding how the financial
markets have been influenced by covid-related news,
such as daily contagion and death numbers, or to
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the announcements related to government actions,
including social distancing measures, containment
and health policies and financial supports.

Finally, in [7] authors used event study methodology to investigate the Abnormal Returns (ARs) and
Cumulative Abnormal Returns (CARs) of the leading stock indexes of affected countries under the
Covid-19 outbreak. Again, they found out that the
virus reduced the stock market returns in all affected
countries and increased their volatility. They also
used OLS regression to analyse how the confirmed
cases affects the AR of major markets stock indexes.
Their results show a significant negative relationship
between confirmed cases and stock market indexes
daily ARs after the outbreak. Then they further applied regression to test the mediating effect through
the VIX index, which proved to be an effective mediator and a transmission channel for the virus outbreak
effect on stock market.
All these results, concerning the first three months
of the pandemic, prove that daily medical bulletins,
announcing the new cases and deaths of this disease,
negatively affected market prices and, more generally, all the financial markets. For this reason, the
numerical analysis will include medical bulletins, collected by the John Hopkins University Coronavirus
Resource Centre, to investigate how much daily confirmed cases and deaths announcements influenced
the stock markets returns.
However, as stressed in [4], deaths and contagions
numbers are not sufficient to explain why Covid-19
development powerfully affected the stock market
since late February. Indeed, the excess mortality
rate in the United States during the Spanish Flu and
1957–1958 and 1968 influenza pandemics were much
larger than the excess mortality rate (computed in
June 2020) under Covid-19, but the economic and
stock market impacts were milder: during the Spanish Flu not a single daily stock market move of 2.5%
or more was seen, 1957-1958 pandemic imparted only
a mild impact on economic activity and similarly markets showed no visible reactions to the 1968 influenza
pandemic, with only one single large daily jump in
stock market.
Therefore, additional factors are necessary to understand this big and unprecedented impact on financial
markets, such as government interventions, as presented in the following section.

In [4], the authors used textual analysis of news mentions and they explained that Covid-19 pandemic
has resulted in the highest stock market volatility
among all recent infectious diseases including the
Spanish Flu in 1918. In particular, they investigate
about potential explanations for this unprecedented
reaction and they found three main factors which can
clarify Covid-19 effect on financial markets. The first,
and also the most obvious, is the contagion spread
and the mortality rate of this virus. The second
cause can be attributed to government intervention
and, more generally, to all the non-pharmaceutical
interventions (NPIs) aimed to slow or contain the
pandemic, among which social distancing policies or
travel bans. Finally, the third explanation is attributed
to the information flow about Covid-19, which is
richer and diffuses much more rapidly now than a
century earlier.
Following this distinction, the chapter is divided
into three parts, in order to separately explore the
impact which medical announcements had on financial markets (“Medical Bulletin”), the importance
of government interventions and both their direct
and indirect effects on the markets (“Government
Interventions”) and the influence of covid-related
information on investors sentiment (“Information
Diffusion”), by assessing findings from previous
literature.
Medical Bulletin
Considering the grave implications of Covid-19 for
public health, part of the reaction of financial markets can be attributed to the severity of the pandemic,
the apparent ease with which the virus spreads and
the non-negligible mortality rate among those who
contract it. Intuitively, we expect that stock and
commodities markets negatively reacts to growth in
deaths and confirmed cases.
The authors of [3] used panel data regression analysis technique to examine the impact of change in
Covid-19 confirmed cases and deaths on the stock
market returns. He found out that stock markets reacted negatively and overwhelmingly to the growth
in confirmed cases, while the response to the number
of deaths is not statistically significant. This implies
that stock markets response depends more on the entity of the pandemic than on its fatality, but this is not
surprising since death is an outcome of a confirmed
case and usually occurs several days after one gets
infection confirmation.
Similarly, in [1] authors ran a bivariate regression
to see the impact of Covid-19 deaths on the returns
and volatility on different financial securities. They
observed a negative correlation between almost all
of the financial securities, while the volatilities are
positively related to the deaths.

Government Interventions
To understand the great impact that Covid-19 had
on financial market, we have also to consider all the
government interventions, such as lockdowns, travel
restrictions, testing and quarantining, and economic
packages, which influenced the markets with positive and negative effects. The main purpose of these
actions is to ensure social distancing among people
in order to contain the spread of the disease, while,
on the other hand, minimizing the adverse economic
impact. However, they generated additional uncertainty regarding their effectiveness and impact.
According to Baker [4], a new possible reason for
the unprecedented stock market reaction in the
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United States and worldwide is due to all the NPIs
aimed to slow or contain the Covid-19 pandemic,
which have been more aggressive and lengthier than
NPIs adopted during the Spanish Flu or during the
1957–1958 influenza pandemic.
In [2], Ashraf further examined stock markets reaction to NPIs. In particular, according to the Oxford
Covid-19 Government Response Tracker (OxCGRT)
dataset, the author considered three types of government actions including social distancing measures,
containment and health response, and income support packages. Social distancing measures consist
in the closure of schools, workplaces, parks, public
transport, among others. Containment and health
response is mainly about government public awareness campaigns and testing and quarantining policy.
Income support packages include the government financial assistance to households in the form of direct
cash transfers or relief in debt or other payments for
utilities.
These government actions can have both direct and
indirect effects on stock market returns. For example,
the author confirmed that social distancing measures
have had direct negative effect on stock market returns by adversely affecting economic activity. On
the contrary, government containment and health response, and income support packages led to positive
market reaction by enhancing the investors’ confidence and reducing the adverse economic effects due
to the disease. The indirect consequences channel
through the reduction in the intensity of Covid-19
outbreaks. Indeed, comprehensive and strict government interventions, such as social distancing measures and generous government income support programs, reduced the rate of new infections. Containment and health policies and income support packages instead do not influences stock returns indirectly
through the reduction in growth in confirmed cases.
These results confirm that stock markets have priced
in the impact of government actions.
Therefore, following Ashraf’s model in [2], together
with the medical bulletins, the dataset used in the
paper analysis will also include the government response indexes.

not enough to completely rationalize the huge stock
market reaction to Covid-19, but its analysis can
be an useful tool to understand investors sentiment
and uncertainty, which in turn influences financial
markets.
As we have seen in Paragraph “Stock Market Uncertainty”, it is possible to use volatility indexes, such as
VIX or VSTOXX, in order to measure uncertainty in
financial markets. However, it is also possible to find
and compute measures of uncertainty based on newspapers; these measures are very interesting thanks
to their forward looking attitude, since they reflect
the real-time uncertainty perceived and expressed
by journalists. For example, Scott R. Baker, Nicholas
Bloom and Steve Davis developed an uncertainty index based on newspaper coverage frequency, namely
the Economic Policy Uncertainty (EPU) Index, which
is a measure of uncertainty related to government
policies. EPU is one of the most used indexes to
detect the instability of global economic policy and
it is aimed to capture uncertainty about who will
make economic policy decisions, what economic
policy actions will be undertaken and when, and the
economic effects of policy actions.
In [8], the authors investigated the impact of the
EPU on the crash risk of US stock market during
the pandemic. They showed a significantly negative
correlation between EPU and stock market crash
risk, indicating that the aggravation of EPU has the
risk of triggering a stock market crash. However,
further evidence suggested that negative correlation
is significant only during the epidemic, therefore
the implementation of policies aimed to reduce the
economic uncertainty is important to prevent the
stock market from crashing.
Information diffusion can also influence market sentiment. Investors feelings are very important, since
they can cause swings in the financial markets: there
are boom periods in a rising market when everyone
wants to buy, but there are also periods of panic
when almost every investor is scrambling to sell.
Unfortunately, investors sentiment is not directly
observable, so researchers have studied various possible measures, such as newspaper and social media
based indexes.
For sake of simplicity and due to lack of daily data
at country level for EPU index, the statistical analysis
will only consider the VIX index in quality of fear
gauge, to detect the impact of investors sentiment on
stock market returns.

Information Diffusion
Besides medical announcements and nonpharmaceutical interventions, Baker individuated a
third potential answer to the powerful stock market
effects, namely that information about pandemics
is richer and diffuses much more rapidly nowadays
than a century earlier. According to this explanation,
the stock market impact of the Covid-19 pandemic
is more temporally concentrated and more likely
to trigger daily stock market jumps and high stock
market volatility. However, the negative stock market
impact of the Spanish Flu was fairly modest even
over time spans of weeks and months. Hence, explanations stressing greater information availability and
its more rapid diffusion to market participants are
Issue n. 20 / 2021

Numerical Analysis and
Results
Dataset
The sample construction starts by collecting daily
stock market index returns from Investing.com and
Yahoo Finance websites, over the period from January
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22nd to December 31st , 2020. To get a consistent sample across the countries considered, a single major
index from each country is selected. Table 24 summarizes all the countries considered, together with
the index selected for the country, the date of the
first confirmed Covid-19 case and the total number
of observations.

closure policies indicators (C1-C8) and the health
index considering the categorical health system policies indicators (H1-H3 and H6-H7). The timeseries
of each government intervention index are extracted
accordingly to the countries considered, and the daily
differences between day t and day t − 1 are computed
in order to highlight the daily changes in government
management against Covid-19.
Lastly, the S&P 500 volatility index (VIX) provided
by the Chicago Board Options Exchange was downloaded from Investing.com. The VIX index is widely
used as a proxy to gauge investors fear and we used
it to test the mediating effect of Covid-19 news by
considering its daily variability, which represents the
growth in the investors fear.
Once collected the complete dataset, the author applied some filters to refine the data: for each country
in sample and for each variable, the observation previous to the day when the first Covid-19 case was
confirmed were removed; then medical bulletins and
government action indexes corresponding to missing
stock market returns were deleted, because although
Covid-19 data is available for each day, the stock markets data is not available for weekends or national
gazetted holidays.
After applying these filters, the dataset was divided
into two time periods: the first, identified as “market
crash” period, covering the period from first Covid19 confirmed case to April 30th , 2020, is composed of
1197 observations from 21 countries, while the second period, covering the last three months of 2020
starting from October 1st , includes 1307 observations
from the same 21 countries and it is named “second
wave” period.

As a second step, daily medical bulletins containing total number of Covid-19 confirmed cases
and deaths are downloaded from the John Hopkins
University Coronavirus Resource Centre (JHU-CRC)
website over the same sample period and the same
country selection. Then it’s computed their daily variation in order to count for daily percentage growth
in confirmed cases and deaths.
Moreover, for each country in the dataset, we individuate the day when the first Covid-19 case was
declared, in order to make the time series start from
this date.
Next, the indicators of government responses are
downloaded from the Oxford Covid-19 Government
Response Tracker (OxCGRT) website. OxCGRT collects publicly available information on 19 indicators
of government responses. Eight of the policy indicators (C1-C8) record information on containment
and closure policies, including school and workspace
closing, cancelling of public events, restrictions on
gathering, closing of public transport, stay at home
requirements, restriction on internal movements and
restriction on international travels. Four indicators
(H1-H4) record economic policies, namely income
support to citizens, debt/contract reliefs for households, fiscal measures or international support. The
remaining seven indicators (E1-E7) record health system policies, i.e. public information campaigns, testing policies, contact tracing, investment in healthcare, investments in vaccines, facial coverings and
vaccination policy. Notice that the vaccination policy indicator was the latest introduced on December
9, 2020, and it records policies for vaccine delivery
for different groups (key workers, clinically vulnerable groups, elderly groups). The data from the
discrete indicators among the above are aggregated
into three main indexes: the stringency index, which
records the strictness of “lockdown style” policies,
the containment and health index, which combines
lockdown restrictions and closures with measures
such as testing policy and contact tracing, short term
investment in healthcare, as well investments in vaccine, and the economic support index, which records
measures such as income support and debt relief.
Each of the three indexes is simple additive score of
the underlying indicators, and it is rescaled to vary
from 0 to 100.
Since the stringency index is defined with a subset
of the indicators used to compute the containment
and health index, in order to maintain a clear distinction between containment and closure policies and
health system policies, the stringency index is redefined considering exclusively the containment and

Descriptive Statistics
Table 25 reports summary statistics of the main variables, i.e. the mean of each variable, its standard
deviation and the range covered.
In the first period the stock market returns variable has an approximately null mean value, with negative sign, with a standard deviation of 0.03, while
in the second period the returns increased with an
average value still around zero, but with a positive
sign, and a standard deviation of 0.01: this result
proves that Covid-19 outbreak negatively impacted
on stock returns, however the zero mean confirms
their random walk property. Relatively to the second
period we can also notice a smaller variance, which
means that prices became more stable.
The percentage growth in number of confirmed cases
and deaths is smaller during the second wave, even if
in absolute value it is much higher, going from 1336
daily cases to almost 14500. Throughout market crash
period, the number of observations for the growth in
deaths variable (i.e., 829) is lower than the number of
observations for the growth in confirmed cases (i.e.,
1197) because of the time lag between initial Covid-19
infections and the ultimate first death of any of the
infected patient.
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TABLE 24: Sample information. This table reports the countries, the stock market index used for each country, the date
when the first Covid-19 case was confirmed and the number of data observed from each country, in both the first period,
corresponding to the market crash and in the second period, coinciding to the second wave and the vaccine introduction.

The minimum and maximum values of government
response indexes show that government have responded with significant changes in policies. In
particular, the first period was characterized by measures of income support, which decreased during the
second wave, when the economic activities started
to resume. As expected, also stringency and health
indexes were higher during the first wave, due to
stricter and more widespread lockdown policies.
Finally, looking at VIX returns statistics, we can no-
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tice that investor fear increased after the pandemic
outbreak, while it remained constant on average during the second period: this may suggest that the hope
of the vaccine introduction balanced the fear of the
second wave spread.
Correlation Analysis
The second analysis step is the computation of Pearson correlations, in order to understand if there is
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FIGURE 14: Matrix of Pearson correlations (left: market crash period, right: vaccine introduction period). The cross marks
correlation coefficients not significant at 5% level.

a link between the variables considered. Figure 14
plots the correlation matrix of the dataset for the two
periods under investigation.

stricter when the spread of the virus increases. The
correlation with the economic support index is significant only during the second period: this may suggest
that economic aid increased given the persistence of
the pandemic.
Lastly, we notice that VIX index is significantly and
negatively correlated with stock market returns, since
a fear sentiment among investors generally leads to
a fall in financial markets. On the other hand, during
the first wave the sentiment index is positively linked
with the growth in confirmed cases, the stringency
and health indexes: this suggests that also containment and lockdown policies augmented the panic
among investors, causing a decrease in stock market
returns.

It can be seen that during the market crash period
each variable is negatively correlated with the returns.
In particular, the fact that growth in Covid-19 confirmed cases is negatively correlated with returns is
in line with the expectations. On the other hand,
we can observe that returns can be considered independent from growth in deaths since the correlation
coefficient is not significant at 5% level. Although
it may be thought the opposite, this is not beyond
expectations. Indeed, death is an outcome of a confirmed case and usually occurs several days after the
Covid-19 infection confirmation, therefore stock market investors react to the growth in confirmed cases
with negative sentiment affecting returns ahead of
the response due to growth in deaths.
The negative correlation between stringency index
and stock market returns can be mainly attributed to
lockdown policies, which slowed down economic activities. Health and economic support indexes are not
significantly correlated with the returns, suggesting
that healthcare preventive measures and economic
aid were not effective in mitigating the stock market
crash.
Results are generally not significant during the second wave. However, a significant and positive correlation between stock market returns and daily growth
in deaths is observed. This is an unexpected result
and it is difficult to explain, since it would suggest
that an increase in the number of deaths would imply
a rise in returns.
As concerns the correlation between medical bulletins
and government interventions, we can notice that the
stringency index is positively and significantly correlated with the growth in confirmed cases: this reflects
the logic according to which closure policies become

Panel Data Regression Analysis
To examine the impact of daily growth in Covid-19
confirmed cases/deaths and of changes in government actions on stock market returns, panel data
analysis technique is used.
First of all, we investigate the influence of medical
bulletins, specifying the following pooled panel OLS
regression model:
Yc,t = β 0 + β 1 Covid-19c,t−1 +
C −1

+

∑

c =1

T −1

∑

t =1

e t Dt
(5)

β c Cc + ε c,t .

Here, c and t represents the country and the day, β 0
is the constant intercept term. The dependent variable Y is the total stock market returns in country c
on day t. The variable Covid-19 can refer to the daily
growth in the number of confirmed cases or in the
number of deaths from Covid-19. Finally, ε c,t is the
error term: heteroskedastic robust standard errors
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(a) Market Crash

(b) Second Wave
TABLE 25: This table reports the summary statistics for the first (a) and second (b) Covid-19 wave.

are used to estimate p-values.
Since stock market also reacts to international events
and moreover in a cross-country setting investors reaction to similar events might vary due to specific
institutional or cultural contexts of countries, following [3], we also include in the model daily fixedeffects dummy variables Dt in order to control for
systematic risk due to these international factors and
a matrix of country fixed-effects dummy variables
Cc to effectively control for all factors which remain
fixed over the sample period but differ across sample
countries.
Successively, we add the impact of government interventions to explain the returns of stock market
indexes. This results in the following pooled panel
OLS regression model:

vestors fear and created pessimistic sentiment on
future returns. Therefore, the investors sentiment
index is added to both equation (5) and (6), to test
the Covid-19 mediating effect through the channel
of VIX. This is expressed in the pooled panel OLS
regression models below:
Yc,t = β 0 + β 1 Covid-19c,t−1

+ β 2 Investors sentimentt +
C −1

+

C −1

+

∑

c =1

e t Dt

T −1

T −1

∑

t =1

e t Dt

(7)

β c Cc + ε c,t ,

+ β 3 Investors sentimentt
+
(6)

∑

t =1

C −1

e t Dt +

∑

c =1

(8)

β c Cc + ε c,t .

In both the equations, Investors sentimentt represents the daily growth of VIX index.

β c Cc + ε c,t .

Using the models described above, we are able
to test different hypothesis regarding the impact of
medical bulletins and the direct and indirect impact
of government policies announcements, such as social distancing measures, healthcare policies and economic support programs, on stock market. All the
hypotheses to be tested for each of the models con-

The variable ∆Government actionc,t specifies the
daily change in the three government response indexes considered, including stringency index, health
index and economic support index.
Finally, we have to consider that Covid-19 pandemic
compounds uncertainty worldwide, increased in-
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∑

t =1

Yc,t = β 0 + β 1 Covid-19c,t−1
+ β 2 ∆Government actionc,t

Yc,t = β 0 + β 1 Covid-19c,t−1

+ β 2 ∆Government actionc,t +

∑

c =1

T −1
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TABLE 26: This table reports the results regarding the impact of Covid-19 growth in confirmed cases and deaths on stock
market returns during the market crash and vaccine introduction periods. Stock market returns is the dependent variable
in all models considered and it represents the daily change in major stock index of a country. Panel pooled ordinary least
squares model, with heteroskedasticity robust standard errors, is used for estimations. p-values are given in parenthesis
and the stars ***,**,* represent statistical significance at 1%, 5% and 10% level, respectively.

sidered are summarized as following:

measures regarding the healthcare system might be positive. For instance,
government aggressive information campaign provides awareness about the benefits of staying at home, sanitize common places and washing hands regularly.
Moreover, testing and contact tracing
helps to identify infected and suspected
cases.

Model (1):
1. The growth in confirmed cases and deaths
lead to a decline in stock market returns.
Using these models, we can also confirm
or reject the correlation analysis result,
namely that growth in confirmed Covid19 cases has a greater influence on stock
market than the growth in deaths.

3. The announcement of government economic
support policies lead to increase in stock market returns.
Similarly to the previous hypothesis,
stock market reaction to government economic support programs is likely to be
positive. Indeed, these aid can counter
adverse impact of the social distancing
measures on incomes and employment,
and therefore investors might react positively to economic actions.

Model (2):
1. The announcement of government social distancing measures lead to decline in stock
market returns.
Even if social distancing saves lives on
the one hand, it also imposes large costs
on society due to the reduced economic
activity on the other hand. Therefore,
we expect that stringency index, which
includes indicators such as lockdowns
and travel restrictions, has a negative
economic impact which lead to decline
stock market returns.

Models (3) and (4):
1. The growth in the VIX index lead to a decline
in stock market returns.
The large amount of covid-related informations contributed to spread a great
uncertainty and a fear sentiment among

2. The announcement of government healthcare
programs lead to increase in stock market
returns.
Stock market reaction to government
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investors, which in turn negatively influenced financial markets returns.

response tracker.
Finally, model (3) and (4) estimate how much investors sentiment has weighed on stock market
returns, being influenced by the continuous and
redundant news about the pandemic. Looking the
results in Table 28, we can observe that in the stock
market phase the growth of VIX index, which rose
to record levels, negative impacted the stock market.
The same can be noticed during the second wave,
confirming the already known opposite trend between stock market indexes and VIX returns.
Starting from the models described by equations (6)
and (8), the author performed a robustness test to
further confirm above main results. In detail, the
daily fixed-effects dummy variables used to control for systematic risk due to international events
are replaced with the previous day returns, namely
Returnst−1 .
As shown in Table 29, results are qualitatively similar
to those reported in Table 27 and Table 28 and confirm that our main results are robust. In model (4),
fitted on the dataset covering the vaccine introduction period, the returns of the previous day are not
significant: we can think that its effect is embedded
in the VIX index, which can also be considered as
an international index, able to capture the variability
caused by daily international events influencing the
stock market.
Moreover, we can notice that the previous day returns
and the global index enter negative in the first period,
but positive in the second. This is quite unusual,
but we have to consider that these variables have
been substituted to the fixed-effect dummy variable
counting for daily international events and, removing
them, the model R2 lowers considerably. Adding the
dummies to these models, in unreported results, the
previous day returns enter negative in both periods,
suggesting that they have a counter-balancing effect
on stock markets, while the global index loses significance, meaning that it is embedded in the daily
dummies.

Table 26 reports empirical results of the estimation of
equation (5) with panel pooled OLS regression.
During the market crash period the growth in
confirmed cases enters negative and strongly significant, meaning that stock market respond negatively
to the growth in Covid-19 confirmed cases. Instead,
the growth in deaths variable is not significant. This
result confirms that sophisticated stock market investors price in the expected negative impact of
Covid-19 early on from the growth in confirmed
cases. The regression analysis performed over the
second wave period shows not significant results,
suggesting that the medical bulletins no more impacted on stock market.
Table 27 lists the regression results regarding the
impact of government actions to control Covid-19
pandemic on stock market returns during the market
crash and vaccine introduction periods, according
to the model explained by equation (6). Given the
evidence from Table 26, the author decided to consider only the growth in confirmed cases as Covid-19
variable.
The significance of medical bulletins is coherent with
previous findings: the growth in confirmed cases
variables enters negative during the first wave, while
it’s not significant during the second one.
The stringency index enters negative and significant
showing that stock markets adversely react to government actions regarding increase in social distancing
measures. This result means that corporate valuations on average decline due to the adverse effect of
social distancing on economic activity and supports
the first hypothesis of model (3). On the other hand,
both health and economic support indexes are not
significant in the model, proving that containment
and closure policies are the only government actions
that have triggered a reaction in the equity markets,
and healthcare and economic support measures have
failed to mitigate the panic caused by the pandemic.
A possible explanation regarding the economic support is that index used measures the income and debt
relief support to households but not to businesses.
Therefore, stock market seems not to be influenced by
these actions, but might have reacted more strongly
to financial support to businesses which, unfortunately, economic support index does not measure.
Once again, results related to the vaccine introduction period are surprising: it appears that returns
are negatively influenced by the health system policies, contradicting the hypothesis. This could be
motivated considering that people began to react
negatively to measures such as the obligation to wear
facial coverings or to the swabs to test the positivity
to Covid-19, or even that the information campaigns
about vaccines catches the attention on the gravity
of the situation. Furthermore, we must consider
that the index does not capture vaccine policies at
best, which were lately included in the government
Issue n. 20 / 2021
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TABLE 27: This table reports the results regarding the impact of government actions to control Covid-19 pandemic on stock
market returns during the market crash and vaccine introduction periods. Stock market returns is the dependent variable
in all models considered and it represents the daily change in major stock index of a country. Panel pooled ordinary least
squares model, with heteroskedasticity robust standard errors, is used for estimations. p-values are given in parenthesis
and the stars ***,**,* represent statistical significance at 1%, 5% and 10% level, respectively.

Conclusions

In line with [4], three possible explanations to the unprecedented reaction of the stock markets have been
considered: the daily increase in confirmed cases
and deaths, the government interventions and the
investors sentiment, influenced by the information
flow about .
As regards the market crash period, through the
regression analysis we discover that the growth in
confirmed cases is significant, but the growth in
deaths is not. Consistently with [3], these findings
suggest that stock markets react to Covid-19 pandemic early on when the number of confirmed cases
increases and react less when some of the confirmed
cases die later on.
Examining the impact of government actions, such
as social distancing measures, public awareness
programs, testing and quarantining policies, and
economic support packages on stock market returns,
it appears that the disclosure of social distancing
measures (channelled through the stringency index)
results in negative stock market returns due to their
expected adverse impact on economic activity, coher-

The aim of this work was to describe the worldwide
stock market reaction to Covid-19 during the 2020
and to understand how covid-related announcements have influenced financial markets, emphasizing the differences between the period following
the spread of the Coronavirus, when the financial
market crashed, and the last three months of the year,
characterized by the diffusion of a second wave, but
also by the announcement and administration of the
first vaccines.
During the first wave, negative returns and higher
volatility is observed in all the financial securities. On
the other hand, in the vaccine introduction period we
can observe a stock market recovery, characterized
by positive mean returns and decreased volatilities
for each country index. According to [1], this suggest
that Coronavirus has emerged as a bane for the financial markets with unexpected levels of uncertainty
and high volatility, but the panic was lowered when
the second wave spread.
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TABLE 28: This table reports the results regarding the impact of investors sentiment, measured as the VIX index returns,
on stock market returns during the market crash and vaccine introduction periods. Stock market returns is the dependent
variable and it represents the daily change in major stock index of a country. Panel pooled ordinary least squares model,
with heteroskedasticity robust standard errors, is used for estimations. p-values are given in parenthesis and the stars
***,**,* represent statistical significance at 1%, 5% and 10% level, respectively.

ently with [2].
Finally, we see that the panic generated by the pandemic outbreak, measured through the VIX fear
index, negatively influences the stock market. In particular, we observe that this panic is most increased
by the medical bulletins and the social distancing
and lockdown measures, but it is also allayed by the
increase of healthcare policies. Similarly, [7] deduced
that the fears caused by Covid-19 pandemic transmitted to the stock markets by the channel of cumulated
panic and uncertainties.
Applying the same models and methodologies on
the period covering the last three months of 2020,
we find quite opposite results. The medical bulletins
are no more influencing the stock markets, suggesting that investors are no longer worried about the
critical health situation. Besides, we have to take
into account that the announcement about the early
arrival of vaccines gave the hope that they will lead
to a decrease in infections in the short term and to a
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return to normality.
Moreover, among the government interventions, we
find that the growth in the health index negatively
influences stock market indexes. On the contrary to
the first wave, when public information campaigns
and facial coverings, among others health system
preventive measures, were seen as a useful incentive
to stop the virus spread, we can suppose that these
policies were no longer took positively when the
second wave began. Instead, they may have drawn
the attention to the gravity of the situation, showing
people their ineffectiveness in defeating the virus
permanently.
We finally conclude that, for both the periods, the
increase in economic support packages is not relevant
in order to lift stock markets from the negative jumps.
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TABLE 29: This table reports the robustness test regarding the impact of medical bulletins and government actions on stock
market returns during the market crash and vaccine introduction periods. Stock market returns is the dependent variable
and it represents the daily change in major stock index of a country. Panel pooled ordinary least squares model, with
heteroskedasticity robust standard errors, is used for estimations. p-values are given in parenthesis and the stars ***,**,*
represent statistical significance at 1%, 5% and 10% level, respectively.
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Vulnerability Analysis on Italian
Banks during the Covid-19
Pandemic
Dario Esposito

Matteo Cecchin

T

he results of this vulnerability assessment show that the Italian banking sector is fairly positioned to take on
the pandemic-induced stress impact, but capital depletion in this scenario could be material especially for Retail
Lenders and Small Domestic banks that have the greatest CET1 impact and need a capital increase between
2021 and 2022 to comply with the prudential capital ratios set by the Supervisor. The most significant effects on banks’
capital requirements are given by the credit component, since the effect of the credit support measures (moratoria and loan
guarantees) reveal partially the real risk of credit exposures thus increasing the risk of “cliff effect”.

A

s everyone know the global economy is facing unprecedented challenges due to the
outbreak of Covid-19, which has hit the
world very hard sanitarily and economically speaking. Countries’ gross domestic product (GDP) has
contracted significantly in all over the world and the
extent of this contraction will depend not only on
the effectiveness of the actions taken to support the
economy, but also on the ability of each country in
preventing and limiting contagion and in implementing adequate vaccination plan. All these factors and
the remaining uncertainty about the severity of the
crisis, the length of the recession and the speed of
the recovery make it difficult to assess the potential
impact of the crisis on the banking sector.
The financial sector’s authorities responded by implementing support measures and adopting expansionary monetary and fiscal policies, with the aim
of maintaining an adequate flow of credit to the real
economy, while preserving financial stability. During
the first phase of the pandemic, the economic policy authorities intervened quickly to counteract its
economic effects: they ordered increases in spending,
reductions in the tax levy, measures to support credit.
At the same time, the ECB intervened with interest
rate cuts, measures to support bank credit, purchases
of public and private securities.
Regarding banks sector, Covid-19 pandemic has, first
of all, severely tested their operational capabilities.
The banks had to immediately activate their emergency plans, with the establishment of ad-hoc crisis
and remote units and the extension of smart-working,
thanks to which the core functions of banks continued to operate largely unaltered. Increasing number
of branches have been or remain temporarily closed,
while the use of digital channels has grown.

But the biggest impact of the pandemic on banking sector is on asset quality. The increasing exposure made by banks, in recent years, into potentially
riskier portfolio, such as small and medium-sized enterprises (SMEs) or consumer finance, together with
this crisis’ effects, put themselves in front of the risk
of rising volumes of NPLs and rising cost of risk
due to the macroeconomic deterioration [11]. The
financial sector authorities interventions support the
bank’s activity of expanding funding to corporate
and retail, in particular thanks to moratoria and loan
guarantees. Moreover, the large volumes of debt
moratoria and secured loans also brought further
pressure on banks’ operational capacities. Although,
by stabilizing the financial conditions of corporate
and retail, the support measures have, at least temporarily, strongly slowed down new insolvencies.
The crisis, however, has begun affecting bank balance
sheets and in particular in increasing loan provisions.
This anticipation of a possible increase in insolvencies
together with other factors led to a significant reduction in the return on capital and reserves. Despite
comfortable capital-liquidity buffers and pandemic
responsive measures, the profound economic impact
of the pandemic is likely to undermine banks’ solvency.

Vulnerability Analysis during
the Covid-19 Pandemic
The analysis carried out by Iason in this document
aims to assess the vulnerability of the Italian banking
sector (a sample of the 11 Italian banks under SSM
was used), using the approach adopted by the ECB
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(“ECB - Covid-19 Vulnerability Analysis” [12]) and
EBA (“The EU Banking Sector: First Insights into
the Covid-19 Impacts” [11] and “EBA Report on the
implementation of selected Covid-19 Policies” [8]).
The analyses mentioned above are the results of
ad hoc exercise carried out by the authorities, that in
the normal condition conduct stress test, to assess the
vulnerability of banking sector. These exercises can
be useful to authorities in the short term as a tool for
analyzing and communicating how the pandemic can
affect the entire banking sector. Taking into account
the above, the analyses carried out by Iason offer an
overview of the aggregate results and the impact on
the capital positions of Italian banks (divided into
3 different groups) based on the pandemic scenario
considered, in order to analyse how the pandemic
can affect the banking sector. The main objectives of
this vulnerability analysis are:

be particularly inaccurate. A further dimension that
complicates scenario design is the need to decide
whether or not to include policy responses. Typically,
analysis exclude policy measures taken in response
to the initial shock, as the exercise has the aim of
providing a quantification of the impact of the shock
before any policy measures are taken. Nevertheless,
in the case of the Covid-19 pandemic, these measures,
because immediately introduced after the onset of the
crisis, on a large scale and in all policy areas, must
be included. The introduction of these measures into
the scenario, also if it recognizes the extraordinary
political effort made to alleviate the risk of a deep
recession, including the broad absorption of borrowers’ credit risk by governments by means of public
guarantees, it requires to formulate hypotheses on
the effectiveness of the measures, on their possible
extensions and on the situation once these measures
have been withdrawn or expired. Separately, the implementation of vulnerability analysis is also affected
by the fact that the Covid-19 pandemic presents new
types of risks and transmission channels, different
from the usual ones. For example, the shock could
have prolonged and non-reversible effects on the vitality of some sectors, such as tourism, aviation and
hospitality. Generally, the results of this analysis are
always subject to a certain degree of approximation,
but due to the high uncertainty in times of Covid-19
this can be even greater, especially in the first phase
of such exercises [2].
The “ECB - Covid-19 Vulnerability Analysis” [12]
analysis data together with the one obtained by the
“EBA - The EU Banking Sector: First Insights into the
Covid-19 Impacts” [11] document are taken in consideration for the definition of the impacts in P&L and
RWAs. These analyses carried out by the authorities
on the European context were subsequently reclassified and adapted for the various clusters of Italian
banks, taking into due consideration the Italian prepandemic context, the effects that the pandemic had
on the economy of the country, the political choices
implemented and future forecasts on economic and
social recovery. Furthermore, as is carried out by the
authorities that regularly carry out this type of test,
the hypothesis of a static balance sheet in the period
in question (2019-2022) was made.
In addition, for the assessments and analyses,
data as at 31/12/19 provided by the “EBA - EU wide transparency exercise - Spring 2020”[5] exercise
were used. The data at the end of 2019 were chosen in
order to be able to evaluate the effect of Covid-19 in
its entirety and for this purpose these were the most
recent official data available. The results obtained by
the analysis carried out, were then further confirmed
by the data at 30/06/20 provided by “EBA - EU wide transparency exercise - Autumn 2020 exercise”
[4].

• To assess the impact of the Covid-19 pandemic
on the financial and prudential position of
banks in the Italian area;
• To identify potential vulnerabilities at an early
stage.
Some Methodological Notes
There are several challenges in conducting a vulnerability exercise during a crisis, such as the Covid-19
pandemic, compared to normal times. First, the initial shock has already materialized. Secondly the
impact of the Covid-19 shock on banks is particular,
given that it originated outside the economy and financial system and its transmission channels are not
well known or have not yet materialized.
The baseline scenario has to be revised for a
vulnerability exercise, due to the significantly different nature of the shock. To reflect the macroeconomic impact of the Covid-19 pandemic it is necessary to incorporate some new metrics, as relating
infection/mortality rates and economic activity indicators in the sectors most affected by the needs
of social distancing. We may conduct, in the most
affected economic sectors, some form of sensitivity
analysis on a traditional adverse scenario modified to
increase the level of stress. or we could design a new
baseline scenario that incorporates the already visible deep economic contraction of the early 2020, and
then create a stress scenario on that basis. Basically,
the initial scenario must incorporate an assumption
about how deep and prolonged the economic impact
of the Covid-19 shock will be. In this specific case, the
analysis takes into consideration the latter approach,
using forecasts on the Italian economic history made
by the Bank of Italy and the European Commission,
which take into account the effects of the first and
partially of the second wave of infections in Italy (as
explained in detail in the next chapter).
Another issue should be to break down the results by year since those in subsequent years could
10 U.R.:

Unemployment Rate
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TABLE 30: Scenario forecast 2020-202210

TABLE 31: CET1 impact 2019-2022

Vulnerability Analysis on
Italian Banks

Stressed Scenario
Scenario based on the expected evolution of the economy after the outbreak of Covid-19. Forecasts are
based on the following data in Table 30, which were
provided by:

Sample of Banks
The analysis carried out in this document is aimed at
assessing the impact of the economic shock caused
by the Covid-19 pandemic on a pool of Italian banks.
For these evaluations it was envisaged to consider
the 11 Italian banks under SSM as a sample.
These banks were subsequently divided into 3
groups on the basis of their homogeneous characteristics: the related business models and total assets as
at 31/12/2019.

• Bank of Italy. The scenario considered estimates, after a contraction of GDP in Italy of
9.0 per cent in 2020, a recovery in the next two
years (3.5 per cent on average in 2021, 3.8 per
cent in 2022). On the labor market side, unemployment is estimated to grow from 9.2%
in 2020 to 10.4 in 2021, with a slight decline in
2022 reaching an unemployment rate of 10%
[1].
• European Commission. Real GDP is forecasted to drop by 10% in 2020, despite the
sizeable policies support cushioning the impact of the pandemic shock. In 2021, a substantial carryover effect should support output
growth projected at 4%, albeit impaired by the
recent sharp flare-up of the pandemic and the
tightening of containment measures. In 2022,
growth is set to slow to 2,8%, which means
that the economy’s level of output will remain
below its pre-pandemic level. The extended
coverage for wage supplementation schemes
(Cassa Integrazione Guadagni) and a dismissal
ban until early next year is likely to prevent
major job losses in 2020. Temporary workers
have borne the brunt of the labor market adjustment so far, but permanent employees are
unlikely to remain unscathed, once emergency
policy measures expire. Together with the return of the labor force to pre-pandemic levels,
the jobless rate is set to rise above 11%, with
job losses concentrated among service-sector

• G-SIBs:
– Banca Intesa Sanpaolo;
– UniCredit Banca.
• Retail Lenders and Small Domestic Banks:
– Banca Popolare di Sondrio;
– Banca Monte dei Paschi di Siena (MPS);
– Banco BPM;
– BPER Banca;
– Credito Emiliano (CREDEM);
– UBI Banca11 .
• Other Banks12 :
– Cassa Centrale Banca - Credito Cooperativo Italiano;
– Gruppo MedioBanca;
– ICCREA Banca.
11 UBI

Banca was considered as a separate entity despite the incorporation into Intesa SanPaolo which took place in 2020,
as the pre-pandemic data at 31/12/2019 were considered.
12 Some banks have been included in this group on the basis of: their business model, their governance and their TIER1
level at 31/12/2019.
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TABLE 32: ∆ CET1 impact 2019-2022

TABLE 33: Comparison of results between Iason and ECB Vulnerability Analysis13

workers [4].

ECB scenario is generalized to the European banking
sector under SSM.

Both the forecasts of the European Commission
and the Bank of Italy were considered in the subsequent analyses as they predicted the trend of GDP
in the presence of a second lockdown, as occurred in
March 2020, and considering the unexpected increase
in consumption in the third quarter 2020.

Focus on the CET1 Results
The impact of Covid-19 on the CET1 ratio cannot be
attributed only to a single factor. In fact, the worsening of CET1 is the sum of the effect of the pandemic
on the various and main risks of the bank, even if the
main effect is to be attributed to Credit Risk.
Furthermore, as reported above at the aggregate
level, the greatest impacts on the CET1 ratio will be
seen in 2021. This consequence can be explained because of the end of the effect of the moratoria and
other support measures and the progressive worsening of the credit quality of the exposures. Down here
there are three charts illustrating and quantifying, for
each group of banks, how the erosion of CET1 can be
split and imputed through different items.
On the basis of what is explained in the previous
Tables (Table 34, 35 and 36), graph 15 has been reported below that summarises the different impacts
on risks and capital of the different groups considered.

CET1 Ratio Impact
One of the main consequences of Covid-19 on bank
stability can be seen in the drastic worsening of the
CET1. Numerically, the reduction can be represented
in two ways either by looking at the change of CET1
in absolute value or as the delta between two periods.
The first method enables to capture immediately the
direction of the change, while the second one allows
to quantify the move from previous year. The impacts, in absolute value terms, on the CET1 ratio of
the 3 different groups of Italian banks in the scenario
considered are represented in Table 31.
The greatest impacts on the CET1 ratio will be
seen in 2021 (as shown in Table 32) as we can see
in the following chart, where the delta of CET1 is
taken for each period. The following results can be
explained because of the end of the effect of the moratoria and other support measures and the progressive
worsening of the credit quality of the exposures.
Consistently with the analysis made and as back
testing tool, in Table 33 is presented where the forecasted CET1 Ratio depletion (2019-2022) is compared
with what is foreseen in the severe scenario of the
Covid-19 Vulnerability Analysis carried out by ECB.
The impact on the CET1 Ratio between the different scenarios is very similar. The scenario considered
in this presentation considers the peculiarities and
impact of Covid-19 in the Italian context, while the
13 This

data cannot be compared as the two reference clusters do not present homogeneous data.
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TABLE 34: G-SIBs focus

TABLE 35: Retail Lenders and Small Domestic banks focus

Below are the results obtained of the impacts
on RWA and capital divided by the three groups of
Italian banks.

Focus on Risks and Capital
In recent years, banks have strengthened their capital
position, driven mainly by regulatory requirements.
In Q4 2019, Italian banks’ average CET1 ratio reached
14,6%, which was well above regulatory capital requirements.
Banks’ RWA have decreased since the last financial crisis, reflecting banks’ deleveraging strategies
and efforts to focus their business activities on core
markets and portfolios. As at Q4 2019, credit risk
represented more than 80% of total RWA, followed
by operational risk (10%). Market and other RWA
were less significant, each with a share of around 3%
of total RWA. As a result of the pandemic and economic crisis, the distribution of RWAs will undergo
some changes. Credit risk will represent approximately 83% of RWAs, operational risk will be greater
than 10%, market risk will settle around 4% while
the other risks will be around 2-3%.
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TABLE 36: Other banks focus

FIGURE 15: CET1 Ratio 2019-2022 impact (aggregate)

first quarter of 2020 with the outbreak of Covid-19.
A negative impact can also be expected on secured
loans. The rising in unemployment rate and business
insolvencies can also have a significant impact on
the prices of properties used as collateral for loans.
Leveraged loans could suffer too high pressure due
to deteriorating asset quality. The commercial real
estate (CRE) segment could also be heavily impacted.
Shops, hotels or offices could suffer significantly due
to the slowdown in demand. The increase in funding
needs will translate into again higher debt levels of
households, businesses and sovereigns in the years
to come [11]. The above results of the impact of
Covid-19 on credit RWAs consider the impacts of the
measures on legislative and non-legislative moratoria
and loan guarantees [6] for the whole of 2020 and
partially for 2021. The greatest impact in Credit Risk
RWA’s will be in 2021 and 2022 (as shown Table 37),

Credit Risk
For the credit risk RWAs, a progressive worsening of
the credit quality of bank exposures was considered,
with increasingly worse effects (also considering analysis carried out in a dedicated Iason Just in Time [3]).
Due to the Covid-19, unsecured exposures could experience particular stress because of their capability
of carry greater risk and faster deterioration in asset
quality. In recent years, banks have significantly increased their exposures to riskier segments, such as
SMEs and consumer credit. The rise in lending in
these areas has been driven not only by banks seeking yields in an environment of low interest rates,
but also by the growing demand for loans under
favorable macroeconomic conditions, falling unemployment rates and the strengthening of consumer
confidence. These trends abruptly stopped in the
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TABLE 37: Credit Risk impact on RWA 2019-202214

TABLE 38: Market Risk impact on RWA 2019-202215

when many exposures will become non-performing,
with slightly worse and delayed effects for smaller
banks with standardized credit risk models.

other different types of risk. In particular, institutions
are also likely to be affected by secondary effects
specifically related to market risk or credit risk, and
not necessarily within the limits of operational risk.
Therefore, the nature of such losses should be carefully assessed to ensure their consistent and correct
classification. From the perspective of operational
risk only, the following main types of impact of the
Covid-19 crisis should be considered:

Market Risk
For the definition of the RWAs the market risk was
taken into consideration the increasing in RWAs
caused by volatility considered in 2020 and 202116 ,
while a decline in it in 2022. In Q1 2020, the financial markets were exposed to extraordinary adverse
market conditions, with extreme spikes in volatility
and market stress. In response to this unprecedent
scenario the EBA issued, on 22 April 2020, a statement clarifying some aspects of the regulatory framework concerning market risk. Among these, the EBA
provided some clarifications on the computation of
the value at risk (VaR) multiplier and the choice of
the stressed value at risk (SVaR) observation period,
which apply to banks using an IMA for market risk.
Furthermore, the EBA decided to amend the RTS
on prudent valuation, introducing additional capital
relief for banks [11]. Moreover, the impacts of the
measures on market risk RWA with IMA Approach
are considered [10].
The greatest impact in Market Risk RWAs will
be in 2020 and 2021 (as shown in Table 38), caused
by high level of volatility and with greater effects for
Other banks (in particular, banks with business models focused on investment banking financial markets)
than other clusters.

• Impacts of Covid-19 on institutions’ business
continuity;
• Impacts of Covid-19 on institutions’ ordinary
course of business;
• Impacts of Covid-19 on loss events;
• Impacts of Covid-19 on credit risk and potential consequences on operational risk;
• Impacts of implementing novel legislation in
response to Covid-19 [8].
For the definition of Operational Risk RWAs, an impact of operational risk was estimated at around 1011% for Retail Lenders and Small Domestic and Other
banks and around 8-8.5% for G-SIB, compared to the
total of the RWAs. The greatest impact will be for
G-SIBs banks also considering the greater operational
complexity (as shown in Table 39).
Other Risks
For the definition of the Other Risks RWAs (as shown
in Table 40), an impact of other risks was estimated at
around 2-2,5% for Retail Lenders and Small Domestic
and Other banks and around 5-6% for G-SIBs. For
Other Risks an identical effect was estimated for the
different clusters, with a more consistent impact on
RWAs in 2021, as is the case with most other RWAs.

Operational Risk
Undoubtedly the Covid-19 crisis clearly represents an
operational risk event, but the possible consequences
in terms of losses for institutions could affect also
14 These

data are expressed in EUR mln.
data are expressed in EUR mln.
16 For the RWA 2020 calculation of the G-SIBs, the information reported in the “EBA - Thematic Note” [11] was used as a
proxy.
17 These data are expressed in EUR mln.
18 These data are expressed in EUR mln.
15 These
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TABLE 39: Operational Risk impact on RWA 2019-202217

TABLE 40: Other Risks impact on RWA 2019-202218

P&L Impact
Banks entered the Covid-19 crisis with very low levels of profitability. Low margins and pressures on
operating costs have brought Italian banks ’average
return on equity (RoE) to 5.6% in the fourth quarter
of 2019. The additional economic downturn due to
the pandemic could further affect banks’ profits. The
magnitude of the impact will depend not only on the
severity of the contraction, but also on the extent and
depth of policy measures taken in each relevant jurisdiction. Given the scenario considered, it is expected
that in the period 2020-2022 the RoE will have values
lower than those found in 2019 and even negative
[11].
For the Profit & Loss impact used for the CET1 Capital of Italian banks, the following effects were assessed:
• Gradual decrease of NII (5-20%), Div. Income
(40%), NFCI (5-16%) and Gain/Losses on Financial Asset (50-130%);
• Strong increase in Impairments (100-150%),
considering the end of the effect of the moratoria in 2021 and the progressive worsening of
the credit quality of the exposures.
The greatest impact in P&L will be for Retail
Lenders and Small Domestic banks (as shown Table
41) mainly caused by the P&L data as at 31/12/2019,
where there were already banks with negative balances or close to breakeven. For further details on
P&L forecasts, please refer to the Annexes of this
document.

19 These
20 These

data are expressed in EUR mln.
data are expressed in EUR mln.
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TABLE 41: P&L impact 2019-202219

TABLE 42: Other measures impact 2019-202220

• Banks hold additional capital above their OCR,
in accordance with the P2G set by competent
authorities. Banks under the supervision of the
ECB are temporarily allowed to operate below
their P2G levels. This helps banks to provide
even more financial support to their customers
and/or to withstand additional losses on existing exposures. A full use of P2G capital across
all banks in the EU would provide CET1 capital relief equivalent to around 0.9% of RWA.

Other Measures Impact
In response to the stressful situation caused by the
Covid-19 outbreak, regulators and other authorities
have implemented, in the financial sector, a series of
capital-related measures with the aim of increasing
the loss-absorbing capacity of the banking sector in
EU and to support the provision of credit to the economy during this exceptional period of crisis. This
framework requires banks to effectively use capital
buffers in times of economic or financial hardship.
The CET1 capital held by banks above the combined
reserve requirements is increased thanks to several
measures that increase the available capital or reduce
the combined reserve requirement. The combined
impact of these measures in terms of CET1 capital
amounts to approximately 1.5% of the RWAs, which
can be decomposed in the following components [11]:

To assess the impacts for the following years, a lower
impact on CET1 Capital was estimated in 2021 (equal
to 50% of the benefit of the previous year) and no benefit was estimated for 2022, with an identical effect
for the different clusters of Italian banks (as shown
in Table 42).
Dividend Distribution Impact

• In line with the EBA recommendation on the
use of the flexibility embedded in existing regulation, the Single Supervisory Mechanism
(SSM) announced that it would allow banks
to cover P2R with capital instruments other
than CET1. In particular, banks are allowed to
reduce the share of CET1 coverage to as low as
56.25% of P2R, provided they have sufficient
Tier 2 and additional Tier 1 capital available.
This measure could free up CET1 capital equivalent to 0.3% of RWA.

For the dividend distribution impact used for the
CET1 Capital [9], it has been estimated that the total
impact of this measure in 2020 is equal to the total
profit of 2019. It has been assumed that this measure
is limited only until September 2021 [14] and it is
also conservative assumed that the dividends for the
years 2019-2022 will not be distributed in the future.
In any case, even if the 2019 profits were distributed,
the impact on 2019-2022 CET1 would be marginal. It
is estimated that the greatest impact of this measure
in terms of retention is to be attributed to the G-SIBs,
also considering the low 2019 income level of the
other clusters.
It is estimated that the greatest impact of this
measure in terms of retention is to be attributed to
the G-SIBs (as shown in Table 43), also considering
the low 2019 income level of the other clusters.

• The release or reduction of CCyB announced
by a number of authorities provides capital relief. In this way banks can keep the supply of
credit to the real economy. The releases of the
CCyB provide a CET1 capital relief equivalent
to 0.2% of RWA.
• Some authorities allowed to reduce the systemic risk buffer (SyRB) and the other systemically important institutions (O-SII) buffer. The
actual impact of those measures amounts to a
CET1 capital relief represents 0.1% of RWA.
21 These

data are expressed in EUR mln.
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TABLE 43: Dividend distribution impact 2019-202221

Final Remarks

more familiar to online banking, branch overcapacity
could increase, prompting banks to undertake even
more ambitious digitization strategies: this will lead,
moreover, to a further banking sector consolidation
and more competition from FinTech or TechFin.
Regarding the impact of Covid-19 on bank credit
risk, as already seen in this vulnerability analyses, as
early as 2021, the asset quality is expected to deteriorate significantly. The cost of risk has already started
to rise and NPLs are expected to rise more consistently. The extent to which banks will be affected
by the crisis is expected to differ widely, depending,
for example, on initial capital levels and operational
efficiency, as well as levels of exposure to sectors
most affected by the pandemic crisis (i.e. hospitality, retail trade and transport sectors as well as some
manufacturing subsectors).
ECB clarified [13] that banks should continue to
identify and report deteriorating asset quality and
the accumulation of NPLs in accordance with existing rules22 , to maintain a clear and accurate picture
of the risks in the banking sector. The capital relief measures adopted early in the pandemic aim
to allow banks to cushion these credit risk developments while continuing to ensure regular financing of
the economy. It is increasingly important for banks
to ensure that risk is properly assessed, classified
and measured on their balance sheets. This is to
provide adequate solutions to troubled debtors in a
timely manner, helping to contain the build-up of
problematic assets at banks, thereby minimizing and
mitigating any cliff effects where possible. In this
regard, it is crucial that institutions strike the right
balance between avoiding excessive pro-cyclicality
and ensuring that the risks they are facing are adequately reflected in their internal risk measurement
and management processes, financial statements and
regulatory reporting.
In this regard, banks should use well-structured
and robust credit assessment procedures so that they
can distinguish, in a timely and effective manner and
on a case-by-case basis, profitable borrowers from
unsustainable borrowers [7]. This process should
also take into account the expiry of the public support measures currently in place. Furthermore, from
a prudential point of view, in order to adequately
manage and hedge credit risk, it is important that
exposures are allocated to the appropriate phases of
IFRS 9 and that all relevant information is used to

Results on Vulnerability Analysis on Italian Banks
Overall, the results show that the Italian banking
sector is fairly positioned to take on the pandemicinduced stress impact, but capital depletion in this
scenario could be material:
• G-SIBs banks have a lower CET1 impact than
the other groups considered, but still require
a capital increase by 2022 to comply with the
prudential capital ratios set by the Supervisor;
• Retail Lenders and Small Domestic banks
have the greatest CET1 impact and absolutely
need a capital increase between 2021 and 2022
to comply with the prudential capital ratios set
by the Supervisor;
• Other banks have a significant CET1 impact
but have a very consistent 2019 CET1 Ratio, also given their different business model,
which allows them to face the pandemic crisis
with a substantial capital buffer. However, it remains desirable that these banks also increase
their capital ratios.
The most significant effects on banks’ capital requirements are given by the credit component, since the
effect of the credit support measures (moratoria and
loan guarantees) does not reveal the real risk of credit
exposures thus increasing the risk of “cliff effect”.
Some Final Thoughts
Regarding the impact of Covid-19 on bank operational and IT risk, banks have successfully moved
most of their staff from physical offices to remote
work sites and as soon as employees will progressively return to their physical offices and banks will
go back to a more normal operating environment,
the pressure on banks’ operational capabilities will
be reduced.
Covid-19, regardless his impact on banks life,
could be the catalyst for many customers to become
digital customers and therefore, for the bank, the
beginning of a new challenge that will have, as final
aim, to make further progress to adapt their systems
to a challenging technological environment, which
could, in turn, increase their operational and IT risk.
Additionally, as many customers are becoming much

22 Banks have already started posting higher provisions in their 2020 balance sheet (considering data as of 30/06/2020
reported in [4].
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determine the expected credit losses.
The ECB therefore expects banks to pay particular attention to what the ECB considers to be sound
credit risk management policies and procedures [13]:
• Predict the most likely impact of the crisis in
terms of allocations, provisions and capital;
• Improve procedures so that all contractual
changes that qualify as concessions and are
provided to troubled borrowers are correctly
classified as “forborne”;
• Regular assessment of debtors’ unlikeliness to
paying using all relevant and available information;
• Identify and record any significant increases in
credit risk at an early stage;
• Correctly estimate their provisions using realistic parameters and assumptions appropriate
to the current context;
• Collateral valuations on a frequent basis or
when is necessary;
• Adequate control by the management bodies
and control functions on the critical elements
of credit risk management.
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[10] European Banking Authority.
Statement on the application of the
prudential framework on targeted
aspects in the area of market risk in
the Covid-19 outbreak. European
Banking Authority, April 2020.
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each of the three groups of banks are shown below.
Those forecasts were used to assess the P&L impact
explained in Chapter “Vulnerability Analysis on Italian Banks”.

Annex
The P&L forecasts for the period considered for
G-SIBs P&L Forecast

TABLE 44: G-SIBs P&L Forecast 23

Retail Lenders and Small Domestic Banks P&L Forecast

TABLE 45: Retail Lenders and Small Domestic Banks P&L Forecast24

23 These
24 These

data are expressed in EUR mln.
data are expressed in EUR mln.
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Other Banks P&L Forecast

TABLE 46: Other Banks P&L Forecast25

25 These

data are expressed in EUR mln.
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