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OUTLINE

* Understanding the Shift in Regulatory approach

* Stress Testing Approaches

e Case Study
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SHIFT IN REGULATION

* What if: oldest question ever asked in risk management?

* Resurgence of interest after 2008 crisis showed VaR limitations

— From a polite recommendation in pre-crisis Basel Reg ...
— ... to a prescriptive requirement under SCAP, DFAST, CCAR, EBA, BoE, ...

* Emerging trend: complementary approaches to risk management

Stress Testing VaR-Based Risk

Forward looking

Specific (unprecedented events)
Subjective (blind spots)

Not backtestable

Model risk: propagation

Backward looking

Pro-cyclical

Objective

Backtestable

Model risk: probability distribution




HALLMARK OF STRESS TESTING

 Stress Testing doesn’t mean modelling events with extremely low
probability

e Stress Testing is about modelling events whose occurrence is better
foreseen by expert judgment than by models

* Emphasis on the process, not an off-the-shelf solution

e ‘Stress testing is the most direct way to insert human experience into risk
models’
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WHAT IF?

* “What-if?” is the oldest question ever asked in risk management

State of the World

v

Stress test scenario
(a handful risk factors)

)

el

P&L Financial Portfolio

N

F(x)

Pricing the portfolio
(many risk factors)




HOW TO DEFINE AND SET UP STRESS TESTS

* Scenario definition requires set of core factor shocks

— Completeness

— Consistency

* Propagation from few to many risk factors
— Robustness
— Can be done with
* RiskManager - “Predictive stress test”

* BarraOne = “Correlated stress test”

* Scenario definition: hypothetical vs. historical events
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CONSUMPTION OF STRESS TEST RESULTS

Critical assessment of results

— Look at diagnostics such as error bands
— Experiment with various risk settings

— Drill down to asset classes and sub-portfolios

Diagnosing the results to improve interpretation and buy into the results

Stress test outcome should be intuitive and justifiable

Often a next iteration is required to improve the stress test setup
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A PRACTICAL CASE STUDY

Use case

Model Portfolio

{r

© o O

@ © o0 O
o © o

o

Client Portfolios

OOOOO

o

MSCI ©:

o

o ©
@)

¢

Model Portfolio P&L

V

Stress Tests

Nine Eleven J

Many individual client
portfolios

Design relevant and
robust stress tests for
all portfolios

Methodology

Create model portfolio

Find stress periods for
model portfolio

Set up stress tests
based on P&L

Apply stress tests to
individual portfolios
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METHODOLOGY

Subjective Input Quantitative Assessment

1. Proxy Model Portfolio P&L with Linear Model

Candidate set of core factors, intuitive core factor
selection

Stepwise regression

2. Stress Period Definition Based on Portfolio Losses

Peak-to-trough analysis, cross-check with VIX Maximum loss

A 4

3. Set Up Predictive Stress Tests to Avoid Data Coverage Issues

Core factor selection (from step 1), experiment with risk settings

|¢

4. Diagnose Stress Test Results

Intuitive and justifiable results Error bands, R-squared, ...
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WHAT DRIVES THE PORTFOLIO
RETURN?

MSCI =



HISTORICAL PORTFOLIO PERFORMANCE

“When would our portfolio have been hit hard in previous crises?”

— Our portfolio: 50% MSCI World, 10% MSCI EM, 40% Global Fixed Income
(government + corporate bonds) | base currency GBP

Problems
1. Risk factor history is limited
2. Scanning the history with full revaluation is computationally expensive

Find a good set of core factors to tackle the first problem
— Proxy portfolio return with few core factors
— Also useful in the setup of the stress test

Use first-order approximation to tackle the second problem

dPV
APV(t) ~ Z CE Z 5,Ax, (D),
. L .
L L
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RISK FACTOR COVERAGE

Global MAC Portfolio
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Percentage of risk factors
Percentage of delta equivalent exposure

0

1998 2001 2004

2007 2010 2013 2016

Assess historical risk factor coverage

Number of risk factors covered
Delta equivalent based coverage
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WHAT DRIVES THE PORTFOLIO RETURNS?

* We want to find the best set of explanatory risk factors for the portfolio

P&L

e Based on period 2004-2016 (because of risk factor coverage)

e Candidate set of explanatory factors

Equity FX ‘?ij de::nummeer;z Corporate Yield Curves®

MSCI World MSCIUK EUR/USD  USD Govt USD All Sectors AAA USD All Sectors BBB

MSCl World MSCIAC GBP/USD GBP Govt GBP All Sectors AAA  GBP All Sectors BBB

ex USA Asia

MSCIEM MSCI JPY/USD JPY Govt IPY All Sectors AAA JPY All Sectors BBB
Switzerland

MSCI USA MSCI CHF/USD EUR Govt EUR All Sectors AAA EUR All Sectors BBB
Europe

MSCI Japan DXY CHF Govt CHF All Sectors AAA  CHF All Sectors BBB
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STEPWISE REGRESSION

Stepwise Regression Results (2004-2016)

1: MSCI USA

2: GBP

3: MSCI World ex USA

4: EUR Govt 10Y

5: MSCI EM

6: USD All Sectors AAA 10Y
7: EUR All Sectors AAA 5Y

8: EUR

9: JPY Govt 10Y

10: USD Govt 10Y

11: EUR All Sectors BBB 10Y
12: GBP All Sectors AAA 10Y
13: USD Govt 1Y

14: MSCI AC Asia

15: MSCI Europe

0 0.2 0.4 0.6 0.8 1
R-Squared

Stepwise linear regression to find the most explanatory factors

Combine quantitative analysis with judgement = intuitive
selection
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CANDIDATE SETS OF CORE FACTORS

We want coverage among all relevant risk types: Equity, interest
rate and currency

We will analyze 4 potential setups

Risk Type Risk Factor 3eqty/ 2eqty/ 3eqty/ 2eqty/
EUR EUR no EUR noEUR
MSCI World J L
Equit MSCI USA L ]
! MSCI World ex USA . .
MSCI EM ° ° ° °
EUR Govt 10Y L o ° °
Interest Rate
USD All Sectors AAA 10Y ° L ° °
GBP/USD L o ° °
Currency
EUR/USD L °
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STABILITY OVER VARIOUS ESTIMATION WINDOWS

Number , Number of
(see next slide) Length Window Start Dates Windows
1to 13 1Y 2004 to 2016 13

14 to 25 2Y 2004 to 2015 12

26 to 35 4Y 2004 to 2013 10

36 to 43 6Y 2004 to 2011 8

44 to 49 8Y 2004 to 2009 6
50to 53 10Y 2004 to 2007 4

54 to 55 12Y 2004 to 2005 2

56 13Y 2004 1

Assess the stability of various setups for a variety of estimation
windows

How stable is the explanatory power?
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STABILITY OVER VARIOUS ESTIMATION WINDOWS

Global MAC Portfolio

1 | | T T T | | | | |
09 r N
8 0.8 - N
©
S
o
o
¥ 0.7 - i
2 equities / no EUR
06 3 equities / no EUR 7
2 equities / EUR
3 equities / EUR
0.5 | ! ! ! ! ! | | ! |
1 6 11 16 21 26 31 36 41 46 51 56

Estimation Windows (56)

The setup with three equity factors (World ex USA, USA and EM)
dominates

Impact of adding the euro as core factor is negligible
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FINAL SET OF CORE FACTORS

Risk Type Core Factor First Observation
MSCI USA 1998/01/01
Equity MSCI World ex USA 1998/01/01
MSCI EM 1998/01/01
EUR Govt 10Y 1998/01/01

Interest Rat
nterest fate USD All Sectors AAA 10Y  2003/04/01

Currency GBP/USD 1998/01/01

We select a parsimonious set of core factors

Risk factor coverage as far back as possible

MSCI 19



REGRESSION RESULTS

Global MAC Portfolio
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-10 | | | 1 | | | | |

-10 -8 -6 -4 -2 0 2 4 6 8 10
Actual return [%]

Core Factor Beta T-Stat
MSCI EM 0.07 36.06
MSCI USA 0.26 107.57
MSCI World ex USA 0.17 51.88
EUR Govt 10Y -1.54 -31.12
USD All Sectors AAA 10Y -1.00 -25.59
GBP -0.52 -187.23

Intuitive regression betas with significant t-stats
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STRESS PERIOD
IDENTIFICATION

MSCI =



METHODOLOGY

Subjective judgement backed by quantitative analysis based on
two tools

Maximum portfolio loss
Specific to portfolio

Based on weekly losses

Market volatility (VIX)

Market-wide measure

Level of market turbulence

MSCI ©:
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MAXIMUM PORTFOLIO LOSS

Date Range P&L (%) Description

2008, Oct 3-10 -8% Great Financial Crisis: Fall 2008
2011, Aug 1- 8 -6% European Sovereign Debt Crisis
2009, Feb 16 - 23 -5% Great Financial Crisis: Spring 2009

2015, Aug 17 - 24 -5% China Crisis
2002, Jul 15 - 22 -4% Dotcom Bubble

Losses are not Very severe
Linear approximation smoothed, but
Comparison on a relative basis
Stress test shocks will be more severe
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MARKET VOLATILITY

90

VIX

80 Stress Event |

70

60

50

VIX

40

30

20

10

0 . I
1998 2000 2002 2004 2006 2008 2010 2012 2014

The maximum losses coincide with market-wide distress
Intuitive selection of stress periods
Find stress windows around the selected dates (not all weekly stress periods)
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GFC: FALL 2008

GFC: Fall

100

95

90 r

10/10

Sep08 Oct08 Nov08 Dec08

Start date is the business day prior to Lehman collapse, end day is
local minimum
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EUROPEAN SOVEREIGN DEBT CRISIS

European Sov Debt Crisis

104 -

102

100

98
96

94

After the bailout plan agreed on July 21 we saw slight portfolio gains, but
then markets believed that the bailout plan was far from sufficient and
markets crashed

MSCI ©:

07/22

08/08

Aug11




GFC: SPRING 2009

GFC: Spring 2009

105 F ' T T
100
02/16
95
02/23
90 03/06
Jan09 Feb09 Mar09 Apr09

No natural trigger event, we use the local peak-to-trough as the

stress period
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CHINA HARD LANDING

China Hard Landing
102 B I I [ [ ]

100 08/10

98

96

94

Jul15 Aug15 Sep15 Oct15

Start date is the business day prior to the Yuan devaluation, end
date is the local minimum
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DOTCOM BUBBLE

Dotcom Bubble

100

95 r

90 r

85

Jun02 Jul02 Aug02 Sep02

Markets went down over long periods of time. We select the local
peak-to-trough around the selected date
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STRESS TEST DEFINITIONS

x wn
v S o
> 3 T = S >
= > S 5 3 ISR
2 3 =3 G =3 ©
- )
= L )
Dotcom Bubble -4.9 -19.0 -13.2 -0.2 0.0 2.8
GFC: Fall 2008 -30.8 -28.4 -29.7 -0.1 0.4 -4.7
GFC: Spring 2009 -10.8 -17.1 -15.0 -0.1 -0.2 -0.6
European Sov Debt 141 -16.9 1151 0.5 0.5 0.0
Crisis
China Hard Landing -13.1 -10.0 -10.0 -0.1 -0.2 1.2

Interest rates and FX can go both directions (e.g. flight to quality
effects)
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PREDICTIVE STRESS TEST
QUALITY

MSCI =



STRESS TEST RESULTS

Stress test prediction and standard error (error bands) for

Full portfolio

Drilldown sub-portfolios

Small portfolios consisting of 20 assets
50 pure equity
50 pure Fl
50 mixed equity/Fl

We experiment with two potential risk settings
Long stable correlation window (5 year period: 2012-2016)

Stressed period risk setting, based on the correlation matrix during the great
financial crisis (2 year period: 2009-2010)

MSCI 32



FULL PORTFOLIO

Global MAC Portfolio

Long Window C
Stressed Window

China Hard Landing

European Sov Debt Crisis '
GFC: Spring 2009 - «®
GFC: Fall - - T
Dotcom Bubble - -

22 -20 -18 -16 -14 -12 -10 -8 -6 -4 -2
deltaPv [%]

Portfolio P&L and error bands
Error bands are small
Long window leads to larger losses (more risk factor coverage)

Consider proxies

MSCI ©:
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EQUITY SUB-PORTFOLIOS

GFC: Spring 2009

GFC: Fall -

European Sov Debt Crisis -
Dotcom Bubble

China Hard Landing

GFC: Spring 2009

GFC: Fall -

European Sov Debt Crisis -
Dotcom Bubble

China Hard Landing

MSCI World
T T
. i
o -
'.4’_._‘ .
i -
Long Window g
Stressed Window
l 1
-25 -20 -15 -10
deltaPv [%]
MSCI EM
T T T T T
o O i
e —— |
@ o -
P -
Long Window P i
Stressed Window
1 | | 1 |

-30 -25 -20 -15 -10 -5 0

deltaPv [%]

MSCI ©:

Larger losses
under long
window

Larger
uncertainty for
stressed
window
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FIXED INCOME SUB-PORTFOLIO

Fixed Income Sub-Portfolio

GFC: Spring 2009 Long Window e |
Stressed Window

GFC: Fall - ° ¢ ]

European Sov Debt Crisis - — e — %

Dotcom Bubble — e ¢ i

China Hard Landing |- —— i

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
deltaPv [%]

Losses more severe for the long term window
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SMALL PORTFOLIOS: ALL STRESS TESTS

All Stress Tests

10 .
.. ..:o ’I.’.’* “ °® .
a0 St %t Long Window
0 S . Stressed Window | |
> TR g
% 10 e . ?3“}‘:?’ P
% 4 240 ::’:.: .’o ‘ :. . : .....
© i N
'20 XY .l
.': ...::’.o.:’.‘.‘
_30 | | 1 | |
0 0.5 1 1.5 2 2.5 3

deltaPV SE [%]

Plot portfolio P&L (vertical axis) and prediction error (horizontal
axis) of each portfolio P&L prediction

P&Ls which fall within the “cone” are not significant
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SMALL PORTFOLIOS: EUROPEAN SOV DEBT CRISIS

European Sov Debt Crisis

5 o
1) ‘.. L]
Ty Long Window
0 e Stressed Window | |
'? o:..'. o o :
é. 5l .:...‘ s".,:
& i
© IS PR
= -10 ~ . .0.. L4
3 N A
.:'. K ':. .
15 .,35’-'.',..
_20 1 1 1 1
0 0.5 1 1.5 2 2.5 3

deltaPV SE [%]

Three clusters for different portfolio types (equity vs. fixed income)

Impact of the estimation window
Larger prediction error for stressed window

Worse stress test results for the long term window
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CONCLUSION

Stress testing is complementary to VaR-based risk measures

Forward-looking and event specific
Not off-the-shelf but subjective inputs required

Inject human experience into risk models

Subjective choices can be backed by data driven analysis
Portfolio-specific stress tests based on maximum historical losses

Diagnostics to gain confidence in the stress test setup, find weaknesses and
potentially improve the stress test

Case study shows that a good stress test setup can (should) be a
mix of “science” and “art”

Data-driven backing improves the acceptance by the stakeholders
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ABOUT MSCI

For more than 40 years, MSCl’s research-based indexes and analytics
have helped the world’s leading investors build and manage better
portfolios. Clients rely on our offerings for deeper insights into the
drivers of performance and risk in their portfolios, broad asset class
coverage and innovative research.

Our line of products and services includes indexes, analytical models,
data, real estate benchmarks and ESG research.

MSCI serves 97 of the top 100 largest money managers, according to
the most recent P&l ranking.

For more information, visit us at www.msci.com.
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NOTICE AND DISCLAIMER

This document and all of the information contained in it, including without limitation all text, data, graphs, charts (collectively, the “Information”) is the property of MSCI Inc. or its subsidiaries (collectively, “MSCI”), or MSCI’s licensors, direct or indirect
suppliers or any third party involved in making or compiling any Information (collectively, with MSCI, the “Information Providers”) and is provided for informational purposes only. The Information may not be modified, reverse-engineered, reproduced
or redisseminated in whole or in part without prior written permission from MSCI.

The Information may not be used to create derivative works or to verify or correct other data or information. For example (but without limitation), the Information may not be used to create indexes, databases, risk models, analytics, software, or in
connection with the issuing, offering, sponsoring, managing or marketing of any securities, portfolios, financial products or other investment vehicles utilizing or based on, linked to, tracking or otherwise derived from the Information or any other MSCI
data, information, products or services.

The user of the Information assumes the entire risk of any use it may make or permit to be made of the Information. NONE OF THE INFORMATION PROVIDERS MAKES ANY EXPRESS OR IMPLIED WARRANTIES OR REPRESENTATIONS WITH RESPECT TO
THE INFORMATION (OR THE RESULTS TO BE OBTAINED BY THE USE THEREOF), AND TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, EACH INFORMATION PROVIDER EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES (INCLUDING, WITHOUT
LIMITATION, ANY IMPLIED WARRANTIES OF ORIGINALITY, ACCURACY, TIMELINESS, NON-INFRINGEMENT, COMPLETENESS, MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE) WITH RESPECT TO ANY OF THE INFORMATION.

Without limiting any of the foregoing and to the maximum extent permitted by applicable law, in no event shall any Information Provider have any liability regarding any of the Information for any direct, indirect, special, punitive, consequential
(including lost profits) or any other damages even if notified of the possibility of such damages. The foregoing shall not exclude or limit any liability that may not by applicable law be excluded or limited, including without limitation (as applicable), any
liability for death or personal injury to the extent that such injury results from the negligence or willful default of itself, its servants, agents or sub-contractors.

Information containing any historical information, data or analysis should not be taken as an indication or guarantee of any future performance, analysis, forecast or prediction. Past performance does not guarantee future results.

The Information should not be relied on and is not a substitute for the skill, judgment and experience of the user, its management, employees, advisors and/or clients when making investment and other business decisions. All Information is impersonal
and not tailored to the needs of any person, entity or group of persons.

None of the Information constitutes an offer to sell (or a solicitation of an offer to buy), any security, financial product or other investment vehicle or any trading strategy.

It is not possible to invest directly in an index. Exposure to an asset class or trading strategy or other category represented by an index is only available through third party investable instruments (if any) based on that index. MSCI does not issue,
sponsor, endorse, market, offer, review or otherwise express any opinion regarding any fund, ETF, derivative or other security, investment, financial product or trading strategy that is based on, linked to or seeks to provide an investment return related
to the performance of any MSCl index (collectively, “Index Linked Investments”). MSCI makes no assurance that any Index Linked Investments will accurately track index performance or provide positive investment returns. MSCI Inc. is not an
investment adviser or fiduciary and MSCI makes no representation regarding the advisability of investing in any Index Linked Investments.

Index returns do not represent the results of actual trading of investible assets/securities. MSCI maintains and calculates indexes, but does not manage actual assets. Index returns do not reflect payment of any sales charges or fees an investor may pay
to purchase the securities underlying the index or Index Linked Investments. The imposition of these fees and charges would cause the performance of an Index Linked Investment to be different than the MSCI index performance.

The Information may contain back tested data. Back-tested performance is not actual performance, but is hypothetical. There are frequently material differences between back tested performance results and actual results subsequently achieved by
any investment strategy.

Constituents of MSCI equity indexes are listed companies, which are included in or excluded from the indexes according to the application of the relevant index methodologies. Accordingly, constituents in MSCI equity indexes may include MSCI Inc.,
clients of MSCI or suppliers to MSCI. Inclusion of a security within an MSCI index is not a recommendation by MSCI to buy, sell, or hold such security, nor is it considered to be investment advice.

Data and information produced by various affiliates of MSCI Inc., including MSCI ESG Research LLC and Barra LLC, may be used in calculating certain MSCI indexes. More information can be found in the relevant index methodologies on www.msci.com.

MSCI receives compensation in connection with licensing its indexes to third parties. MSCI Inc.’s revenue includes fees based on assets in Index Linked Investments. Information can be found in MSCI Inc.’s company filings on the Investor Relations
section of www.msci.com.

MSCI ESG Research LLC is a Registered Investment Adviser under the Investment Advisers Act of 1940 and a subsidiary of MSCI Inc. Except with respect to any applicable products or services from MSCI ESG Research, neither MSCI nor any of its products
or services recommends, endorses, approves or otherwise expresses any opinion regarding any issuer, securities, financial products or instruments or trading strategies and MSCI’s products or services are not intended to constitute investment advice or
a recommendation to make (or refrain from making) any kind of investment decision and may not be relied on as such. Issuers mentioned or included in any MSCI ESG Research materials may include MSCI Inc., clients of MSCI or suppliers to MSCI, and
may also purchase research or other products or services from MSCI ESG Research. MSCI ESG Research materials, including materials utilized in any MSCI ESG Indexes or other products, have not been submitted to, nor received approval from, the
United States Securities and Exchange Commission or any other regulatory body.

Any use of or access to products, services or information of MSCI requires a license from MSCI. MSCI, Barra, RiskMetrics, IPD, FEA, InvestorForce, and other MSCI brands and product names are the trademarks, service marks, or registered trademarks of

MSCI or its subsidiaries in the United States and other jurisdictions. The Global Industry Classification Standard (GICS) was developed by and is the exclusive property of MSCI and Standard & Poor’s. “Global Industry Classification Standard (GICS)” is a
service mark of MSCI and Standard & Poor’s.
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