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Approach and motivations
Scenario severity assessment: graphical description of a stress test
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Approach and motivations
The severity of the macroeconomic scenario

v

v In evaluating EU-wide stress tests, a central issue is to quantify the severity and plausibility of the
macroeconomic scenario, both in absolute and relative terms compared to past versions

v In Baudino et Al. (2018): the size of shocks can be calibrated to replicate stressful past experience. This can
be based on statistical approaches or be narrative-driven. Comparing a scenario (or parts of it) to similar
historical scenarios may also help to provide an intuition about its severity

v Severity (Durdu et Al. 2017): Comparing stressed variable (GDP, Unemployment rate, etc.) w.r.t Great
Recession. Then, they aggregate to a weighted score

v There’s no clear findings in literature for probability used for assessing severity (and plausibility). Informally,
professional stress-testers use marginal probabilities and then aggregate

v The joint probability calculation can be applied to any scenario. This probability is conditioned by the
deterministic (baseline or average or median scenario) realization of the model used, which defines the
central path, and is obtained by assessing the deviation of the scenario from the reference one
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Methodology

From the model to the muiltipliers

« Let’s consider the Structural Model and its simultaneous deviation format representation:

Ao Vis1i =AWV + B2+ & —) Y =MZ+E.

* Let’s obtain the reduced (dev. from baseline) form: [‘_y — AalAl ['; = AEIB
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Y = endogenous
Z = exogenous
€ = shocks

T =A;"
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Methodology
Building the model...

« Assuming the first and second moments of the shocks and the exogenous variables and their Gaussian multivariate

distributions, we obtain:

Et Et,f;—i—l T Ef-;T
_ Sttlt Stdlirl o ST
| Zrt Zrger 0 Zr |

+  With the compact system and covariance matrix we get at the final multivariate joint distribution:
Y ~ N0, M'EM).
- The tail of the multivariate Gaussian distribution* is compared with the policy maker's preference set Y

P(Y, €Y)
Y = {yi > a1, y2 > az} Y = {yi < ay,yo < as} Y = {yi < a1,y > as}

[ ]
% p ro m ete I a * We use the Python scipy.stats.mvn.mvnun implementing Genz (1992) fortran routine MVNDST 2019 EBA Policy Research Workshop / 8

ASSOCIAZIONE


http://www.math.wsu.edu/math/faculty/genz/software/fort77/mvndstpack.f

Methodology
Joint probability

« Markovian Models — Joint probability of the scenario Y collapses to zero very quickly in time (and space ...) as
time or the number of variables grows

P(Y) = P(Y1,Ya, ... Ys) = P(Y;|Yi_1) - -- P(Ya|Y}) - -- P(Y})

* Non-Markovian Models (Structural models seen in a particular way...)
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Applications

Prometeia Italian Quarterly model: a structural simultaneous equation system

EXTERNAL SECTOR

v

, 1 ™~

LABOUR GDP AND PRICES AND
MARKET -— AGGREGATE -— WAGES

— DEMAND N
A A

S

FINANCIAL AND
|  PUBLIC SECTOR — MONEY SECTOR

% prometeia

v" We use a top-down
approach: among several
sectors, the model includes
a macro banking sector
linked to households, firms
and public sector

v" Then, the macro-financial

variables are projected to
satellite models to get the
PD estimation for the
specific bank
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Applications

Eigenvalue distribution per variable and time

Eigenvalue distribution (space and time)

If there are common factors, we should observe large
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Applications

EBA 2018 scenario: marginal distribution* inspection for Italy
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Applications

Joint probability of EBA adverse scenario

 In order to get a more precise probability for the scenarios, we select a subset of
variables as indicated

« Including house price: we obtain a joint probability of 0% for adverse scenario
(both 2016 and 2018), as expected from preliminary inspection of marginal
distribution. But excluding house price:

baseline;
50%
2018 2016
adverse; adverse
0.503% 0.148%

% prometela baseline 2018 adverse 2016 adverse
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Variables
Bk
s g 3

Variable Tail
Oil Price rhs
Exchange Rate €/$ rhs
Bund Rate rhs
Emerging Countries GDP| |hs
US GDP lhs
Euro Area GDP lhs
Stock Market lhs
Italy GDP Ihs
Unemployment Rate rhs
Spread Btp-Bund 10Y rhs
Euribor 3M rhs
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Extensions
Summary

« Reverse stress testing:

v Using the model to obtain an alternative profile of the exogenous variables guaranteeing the same degree
of severity as the endogenous variables

 Conditioned scenario:

v To avoid the independence of the scenario probability to the state of the economy we can calculate joint
probability conditioned to different phases of the economic cycle

prometeia
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Extensions
Reverse stress testing

« Our framework allows us to determine reverse stress testing analytically. We can solve for the exogenous

variables vector Z from the general system to get:

E(Z|Yy) = (M'M)" MY,

SPREAD BTP-BUND 10Y
Dev. from baseline*
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* Prometeia quarterly calculations on EBA annual data
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Extensions
Conditioned scenario - EBA 2018
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+ Conditioning scenario probability to the business cycle phase: 6% \ /\
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Conclusions
How severe are the EBA macroeconomic scenarios for the Italian Economy? A joint probability approach

v In order to design meaningful stress testing exercises, severe but plausible shocks has to be defined
v In the paper we evaluate the severity of stress test providing a joint probability measure of a scenario

v" Our general methodology help to design stress test scenarios as it provides a quantitative measure to
understand the plausibility of scenario. Potentially, it can be used in more general applications.

v" We determine the joint probability for the EBA scenarios using the Prometeia Quarterly Macroeconometric
model for the Italian economy

v" Our assessment for the EBA 2018 suggests a severe but plausible profile for the majority of the
macroeconomic variables except for a strict subset that is to a too much severe

v" We provide a simple extension able to determine joint probability conditional to the business cycle phases

v" We are able to further extend the probability model and in the future we will extend applications to other
countries
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