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¢ Introduction

e Case study: multi-asset investment portfolio and economic analysis

Conditional Scenarios

Least Squares Stress Testing Methodology (LSST)

— Extensions to credit risk portfolios

Concluding Remarks

Rosen D. and Saunders D. (2016), Regress Under Stress: A Simple Least-Squares
Method for Integrating Economic Scenarios with Risk Simulations, Journal of Risk
Management in Financial Institutions, 9(4), Autumn/Fall 2016
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Introduction - What Is A Scenario?

e A scenario is the basic descriptor of the future evolution of the state-of-the-
world over time

— Joint realization of
all the relevant financial and economic risk factors

at a point in time or, more generally, a discrete set of times in the future

(x)d
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What Is A Scenario?

e Ascenario is the basic descriptor of the future evolution of the state-of-the-
world over time

e Scenario generation differs considerably from forecasting

— Aforecast is a prediction that a single scenario will occur, and its accuracy is
therefore crucial

— But... we really can’t predict accurately specific financial events in the future

(x)d
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Scenarios and Risk Management

Scenarios are the language of Kisk
The quality of a risk management analysis depends on

1, quLLEj to generate l
relevant forward-—

Look‘i"‘ﬂ sceharios
cenario anal ki
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Conditional Scenarios

* Obijective: to describe how all the Risk Factors affecting a Portfolio should
behave as a given economic scenario unfolds

¢ General setting: economic or subjective scenarios are typically described in

terms of a small number of key economic variables or risk factors

— When applied to a portfolio, the scenario is incomplete — does not describe what

happens to all relevant risk factors that affect the portfolio directly...or indirectly

e Implicitly or explicitly the relationship between all the factors must be

accounted for when the scenario is applied to the portfolio

— e.g., simple approach: use subjective or expert opinion

e Statistical or financial engineering tools can be used to model the the joint

behaviour of the factors — and then create “complete scenarios”
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Example: Regulatory Stress Testing

Macro scenario - Losses & revenues =2 Balance sheet =2 Capital adequacy

Financial Factors

- market and credit risk

Market Risk Model

(operational risk)

Stress Scenarios EEAEETE

Cos:US 16, HY
USD Gov  Bond Spreads:
US G, HY

Credit Portfolio Mode

(Economic Factors) =

XE  EURSov EURSpeadHY EUR

= Oprisk Model

e ’ - Balance Sheet

Capital Ratios

B

GLOBAL & Ui, ™
Scanario Factors
RealGOP  x x

s xxs Income/revenue
R factors
% [ FEn [ [ e [ ] Revenue models:
e e EE=T e Interest income
» v Non-interest income
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Economic Outlook — Global Scenario

GLOBAL ECONOMIC OUTLOOK

Gaining Traction, Gaining Balance

GLOBAL Scenario USs EURO UK JPN

2015

Real GDP (% change) 3 1.5 2.8 0.8

Inflation (% change) -0.3 -0.3 0.1 0.4

IR Short 0.3 0.1 0.5 0.05
IR Long 23 0.3 2.0 -
FX 0.9 0.7 120.0

Source: Standard & Poor's Ratings Services economic research report dated April 22 2015. Indexes are unmanaged, statistical composites and itis not possible to invest directy in an index. These results are inferently imited
because they do not represent the results of actual rading and were constructed with the benefit of hindsight. The retums shown do not reflect payment of any sales charges or fees an investor would pay to purchase the
securities they represent. The imposition of these fees and charges would cause actual and back tested performance to be lower than the performance shown. Returns exclude dividends.
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Economic Outlook — US Scenarios

U.S. Economic Forecast

The Emperor’s
New Groove

U.S. Scenario
2015

DOWNSIDE

UPSIDE

Real GDP (% change) 3.4 8 2.1
Inflation (% change) -0.3 -0.3 -0.4
Unemployment (%) 54 54 5.8
IR Short 0.4 0.3 0
IR Long 2.4 23 21
S&P 500 (%) 10.0% 7.6% 8.5%
Oil ($/bbl, WTI) 50.12 50 48.56

Source: Standard & Poor's Ratings Services economic research report dated April 22 2015. Indexes are unmanaged, statistical composites and itis not possible to invest directy in an index. These results are inherently mited
because they do not represent the results of actual trading and were constructed with the benefitof hindsight. The retuns shown do not reflect payment of any sales charges or fees an investor would pay to purchase the
securities they represent. The impositon of these fees and charges would cause actual and back tested performance to be lower than the performance shown. Returns exclude dividends.
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From Economic Research to Portfolio Scenario Analysis

AgnE B vand GLOBAL ECONOMIC OUTLOOK
3 b Gaining Traction, Gaining Balance
) —_—

& A Parting Of The Ways
In The Global Economy

3
¥

HET TR T

1. The Portfolio mE == .

i
1

2. Joint Factor Simulation Model — Economic and Risk (Market & Credit) Factors
3. Economic Scenarios — Model Mapping
4. Conditional Scenarios

5. Portfolio Simulation and Analysis

Copyright - DAN ROSEN 18




1. The Portfolio

$USD(Milion) | NMV__ Long  Short NMV | USD EUR GBP  JPY | Total
Portfolio 457.5 567.8 110.3 EQ 32% 11% 4% 5% 52%
EQ | 2214 225.5 4.1 IR 10% 14% 24%
IR| 1112 111.2 0.0 CR 18% 7% 24%
CR| 1249 231.1 106.2 Total | 59% 32% 4% 5% 100%
Portfolio 458 .
EQ 221 US Equities
USD-EQ 136 Materials, 0% Telecom, 11% /Uhlltles, 1% Consumer Disc, 7%
EUR-EQ 48 Information 4
onsumer
GBP-EQ 16 'e‘hl':;;fgv'f Staples, 14%
JPY-EQ 22
IR USD-GOV 15121 Industrials, 12% Energy, 20%
EURSeY = Health Care, 12%
CR 125 Financials, 12%
USD-IG 70
USD-HY 60
EUR-HY 32
UsD CDS -38 Source: S&P Capital IQ. For illustrative purposes only.
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The Portfolio — VaR & Contributions (99% confidence, one month)

$ USD (Million)|  NMV VaR VaB usb EUR GBP JPY Total
: (Marginal), EQ | 37% 21% 4% 2% 65%
| e ma e | | m | www
IR 111.2 6.3 36 CR 13% 7% 19%
CR 124.9 6.5 43 Total | 53%  40% 4% 2% 100%
Portfolio 458 22.3 223 0%
EQ 221 17.1 14.4
US-EQ 136 115 83 B
EU-EQ 48 6.2 46
UK-EQ 16 15 10 %
P-EQ 22 2.7 o6
IR 111 6.3 3.6
US-GOV 52 2.4 o7
EU-SOV 59 46 2.9
CR 125 6.5 43 o
US-IG 70 2.1 0.8
US-HY 60 3.4 2.0 00
EU-HY 32 2.1 15
uscps  -38 1.9 0.0 ¥

Source: S&P Capital IQ. For illustrative purposes only.
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2. Joint Factor Simulation Model

Economic Research Economic Factors

L Real GDP X

o Inflation X X X
sl ‘ Unemployment X
IR Short X X
IR Long X X
EQ (S&P500) X
0il (WTI) X
FX X X

H GLOBAL & U.S.
Scenarios EEEEERIEE
ing Balance X X X

X

Portfolio Market Factors :
Portfolio 458 223 . )
. I g
US-EQ 136 115 Indices
EU-EQ 48 6.2
UK-EQ 16 15 CDS: USIG, HY
IP-EQ 22 2.7 US Sectors  USD Gov Bond Spreads:
IR 111 6.3 US IG, HY
Us-GOV 52 24
EU-SOV 59 46
& 105 P ‘ XE EUR Sov EUR Spread HY EUR
Us-16 70 21
US-HY 60 34 GB GBP
EU-HY 32 21
Uscos  -38 19 P JPY

Copyright - DAN ROSEN

21

Joint Factor Simulation Model

e Input: quarterly data for all the factors (20+ years)

1. Marginal processes for each factor: ARMA GARCH model (filtering)

‘

Ye=ao+ arye—1+ bier—1 + €

Diff( (Value))

s & 8
A

2 2 2
€ =0N, O0; =g+ ai€;_q1+ P10r_1.

t y1

y2 y3 y4 Y5 ¥6 y7 y8

2. Historical codependence of residuals ©
(allows for non-Gaussian fat tails a
and tail dependence) [T«
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Joint Factor Simulation Model

Example — U.S. GDP

Time Series Log Time Series
[ w1
ws]
wotoso ]
3 £ e
B o000 5
E o]
-
[ | T
1000 1995 2000 2005 2010 2018 1000 1995 2000 2005 2010 2018
Time Tine
Difenced Log Time Series ACF ofDiferenced Log Time Series
e o
£ ooco] 5 4
] < 1y
Faeor] b
H M
o
199 1995 2000 2005 2010 2015 o 12 s 4 s
Time ™

US_REAL_GDP ~ARMA(1,1)+GARCH(1,1) Residual Analysis

ACF of ARMA GARCH Residuals ACF of ARMA GARCH Residuals2

] s ]
[ TR L1
. e . RERLIRERTRENtE
T T T T T T T T T T T T
o 1 2 3 4 s o 1 2 3 4 s
Lag Lag

Copyright - DAN ROSEN

Froquency

US_REAL_GDP ~ARMA(1,1)+GARCH(1,1)

i Log Time Series and Fitted Model with forecast

O Log (Value)

Fitted GARCH Volatity

ﬁ?ﬂf’#«"{

1000 1995 2000 2008 2010 2015
Time

:: '.A‘L‘.‘»\.'I:J_U.‘:x”;.u wrh.ﬁ-‘.‘.j

1960 1095 2000 2008 2010 2015
Time

Fitted Model Residuals Normal Q-Q Plot

20

0510

002 -001 000 001 2 4 0 1 2

Residual Value Theoretical Quanties.
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Joint Factor Simulation Model

— US Model
— Global Model

US Real GDP

US CPI Infl

US Pct Unemp.

US Rate Short

US Rate Long

S&P 500

Crude Oil

XE Real GDP
' GB Real GDP

US Real GDP
US CPlI Infl
US Pct Unemp.
US Rate Short
US Rate Long
S&P 500
Crude Ol

XE Real GDP
GB Real GDP
JP Real GDP
XE CPI Infl
GB CPI Infl

JP CPI Infl

XE Rate Short
XE Rate Long
EUR.USD
GBP.USD
JPY.USD
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JP Real GDP
XE CPI Infl

GB CPlI Infl

e Economic Factor Residuals — Correlation Matrix

0.8

JP CPI Infl
' XE Rate Short
I XE Rate Long
EUR.USD
GBP.USD
JPY.USD

0.6

0.4

0.2




Joint Factor Simulation Model

s ES
= Eo
5328 g8 1
Market Factor g §§§§E ez |zzzzzed gié%gg:z EE
3 323229488 53333334125 5053533335|283
. 2 AL I 3 3 Pl 228
Correlations g EEEEEE EERT EEEEEEEE SR EE EEEEEEE BB
I — 0.8
US Eq-S&P500 || CICIC] ]
US Eq-S&P Finan 1
US Eq-S&P Indust | O] a
US Eq-S&P Cons Disc 06
EQ us US Eq-S&P Info Tech 1 InEEEn -
US Eq-S&P Materials Ol | O 10
US Eq-S&P Health
US Eq-S&P Telecomm
US Eq-S&P Cons Stap 0.4
US Eq-S&P Energy
US Eq-S&P Utils
Credit US US Spread HY 0.2
CDX IG
CDX HY
ovt
USD Govt 6M 0
USD Govt 1Y
Rates USD Govt 3Y
USD Govt 5Y
Gov’t US  usocour —0.2
USD Govt 10¥
USD Govt 30Y
=
GB Eq-FTSE 350 —
EQ & CR Int’l s eq-opix 500 0.4
EUR Spread HY
EUR Govt 6M
EUR Govt 3Y -06
EUR Govt 3Y
Rates  crcisy
] EUR Govt 7Y
GOV t EUR EUR Govt 10Y -0.8
EUR Govt 30Y
EUR.USD
FX GBP.USD
JPYUsD | ] -1
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Joint Factor Simulation Model

Empirical (simulated) factor terminal distribution (horizon = 1 year)

— Monte Carlo simulation of N scenarios of the joint factor processes over 4 quarterly
steps (N = 1K — 10K)

(x)d

ye=ap+aye1+ bieer e

& =0on, 0F=ag+mé ,+ ol
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Joint Factor Simulation Model

Example — Empirical and simulated factor terminal distribution

US Unemploymnet

Historical Residuals P "
Historical Residuals
US GDP-Unemployment — Long Rates US-EUR
By Vown s
., #Zoms
s
0\ . o
. o . &
N 3 ﬁ -
30k H .3
. 3 3 AL » 7 i - : + Y ost 2 : 3 .
o A
. . .
+
.
Heorn =T
Simulated Returns 1 Year Simulated Returns 1 Year
US GDP-Unemployment Long Rates US-EUR
V=-3.2719-00455 ¥=0.669x - 0.0004
R:=0.2541 R=0.68138

<EUR Long Rate

&

"~ uscop

US Long Rate
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3. Economic Scenarios — Model Mapping

Objective: express forecasted scenarios in the context of joint factor simulated

distribution

— Standardized economic scenarios (expressed as number of standard deviations of factors,
and also in terms of likelihood within the model)

GLOBAL ECONOMIC OUTLOOK

Gaining Traction, Gaining Balance

(x)d

Copyright - DAN ROSEN
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Economic Scenarios — Model Mapping

GLOBAL Scenario

U.S. Scenario @
us EURO UK JPN
2015 l 2015
EIE Fh e[ & Real GDP (% change) 3 15 2.8 08
Tnflation (% change) 03\ 03 J\ 04 ]
I Unemployment (%) 5.4 E 5.4 f E 5.8 f Inflation (% change) -0.3 -0.3 0.1 0.4
[ IRShort 04 ¥
IR Long 24 2.3 2.1 IR Shod ° - 0s
S&P 500 (%) 10.0% 7.6% 8.5% -
Oil ($/bbl, WTI) 50.12 50 48.56 120.0

Simulated Returns 1 Year
US GDP-Unemployment

Simulated Returns 1 Year
Long Rates US-EUR

V=0.669¢ - 0.0004

y=-3.2719x- 00455
R?=0.254 R'=068138

US Unemploymnet

8 Rate

g

LEUR Lon

Us GDP

US Long Rate
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Economic Scenarios — Model Mapping

U.S. Scenario UPSIDE DOWNSIDE GLOBAL Scenario EURO UK JPN
2015 2015
Real GDP (% change) 3.4 3 241 Real GDP (% change) 3 15 28 08
Inflation (% change) -0.3 -0.3 -0.4
Unemployment (%) 5.4 5.4 5.8 Inflation (% change)  -0.3 -0.3 0.1 0.4
IR Short 04 0.3 0 IR Short 03 041 05 0.05
IR Long 24 23 2.1 Cp— % | s 20 i
S&P 500 (%) 10.0% 7.6% 8.5%
FX 09 07 1200
0il ($/bbl, WTI) 50.12 50 48.56
Standardized Mapped Scenarios (number of std. dev. from mean)
U.S.Scenario | oone | BASE | DOWNSIDE GLOBAL Scenario (S EURO UK JPN
2015 2015
Real GDP (% change) 0.33 0.09 -0.44 Real GDP (% change) 0.1 0.1 0.1 02
Inflation (% change) -2.29 -2.29 -2.39
Inflation (% change) 23 -1.9 -1.5 1.2
Unemployment (%) 0.99 0.99 1.74
IR Short 0.44 0.28 -0.21 IR Short 03 0.1
IR Long 0.51 0.41 0.22 IR Long 0.4 05
S&P 500 0.45 0.24 0.31 — . Y a9
Oil ($/bbl, WTI) -0.37 -0.38 -0.49
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4. Conditional Scenarios
N
O
«°
04

R}
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4. Conditional Scenarios

* Expected
Conditional
Scenario of Y

%ﬂr
(Y4 S * Full Conditional
N QO/ Scenario

, O’IS'

Economic Scenario
Economic Factors X Fixed

A Parting Of The Ways
In The Global Economy

Distribution

P(YX)
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Conditional Scenarios — Definitions

¢ Conditional Market Scenario

— Expected conditional market scenario

Yo =E[Y X =x,]

— Full conditional market factor distribution

Fylx)=PlY =yl X =x]

Copyright - DAN ROSEN 48
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Conditional Scenarios — Definitions

¢ Conditional Portfolio P&L

— Portfolio P&L in the expected conditional market scenario
AV(y,) Yo =EY 1 X =x,]

— Conditional expected Portfolio P&L scenario
AV, =E[AVIX =x,]

— Conditional distribution

Fox(Wlx,)=P[AV svIX=x,]

Copyright - DAN ROSEN 49

Conditional Scenarios: Analytical Methods

e Conditional factor distributions are available analytically for certain joint
distributions
e.g. Multi-variate Gaussian

X(l)
X(Z)

~N(u,%)

Conditional distribution of X® given X = x" is multivariate normal with mean
m and covariance matrix B
@) -1 (1) 0
m=pus+ 2 2 (7 -

B= Z22 - Z2121_11212

Copyright - DAN ROSEN




Stress Testing and Conditional Scenarios

e[-hodoto reuiremeul-s...

- Large Farb{ouos > mulki-asset

- Large number of risk factors!

k. credit risk... hon-linear Forl:{:oti.os
J

/;\

- Market ris

- Completely general joint processes
fab-tails, non=parametric, codependence, /.
autocory, - It's stress testing! :

J sCehario and
risk engines
- flexible, transparent, easy to explain...
auditable e
WNATLO:.

cel
- Not owne 5
enarios ond assum

> mo&el. visk
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Conditional Scenarios: Least Squares Stress Testing (LSST)

e Key insight: conditional expectation of all the factors (and more generally
the full conditional distribution) can be estimated directly from a pre-

computed simulation using Least Squares Regression (LSR)

¢ Conditional scenario analytics, including risk factor contributions, can be

derived from the regression results

* The application of LSR on the cross-sectional information of a simulation to
obtain conditional expectations is the key component of LSM to price

American options (Longstaff and Schwartz 2001)

— Applied here to portfolio risk management and stress testing

Copyright - DAN ROSEN 52
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Conditional Scenarios: Least Squares Stress Testing
- Conditional Expected Scenario of Y

yi=Bo+ Ejﬁijxj

Least Squares Regression

Yi =ﬁi0+2jﬁ@+ X =x0
X =x0 Conditional
Scenatrio
Distribution
04 + 0,
P(X) 12 P(Y1X)
0
4
*0
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Conditional Scenarios: Least Squares Stress Testing

— LSR of Market Factors over a simulation of N factor scenarios
v, =B+ E,-ﬁijx/ + 0k,
— LSR of Portfolio P&L over a simulation of N factor scenarios

AV =, + Ejﬁpjxj +0,€,

Copyright - DAN ROSEN 55
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Least Squares Stress Testing on Portfolio P&L

Several advantages of regressing Portfolio P&L directly on economic factors
— Single regression — rather than multiple regressions for all the market factors

— Compute multiple conditional economic scenarios and portfolio analytics with
a single portfolio simulation — typically the most expensive computational step

— Risk factor contributions: portfolio P&L regression also has meaning in terms
of (economic) factor contributions to a given scenario P&L

N

AV(x)=DC, = il;kxk
k=1

k=1
as wells as to risk measures such as VaR or Expected Shortfall
~ 1 ~
VaR ES
G =bx . G =;bk E k.
=L

where j* is the VaR scenario, and m'is the number of scenarios in which losses exceed VaR
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Conditional Scenarios: Least Squares Stress Testing

e LSST offers many advantages

— Easily applied to large portfolios and large number of risk factors (market and
credit risk)

— General joint processes (fat-tails, non-parametric, codependence, autocorr.)

— Simulation: simple, flexible, transparent results, auditable and easy to explain

— Easy to build on top of any existing scenario and portfolio simulation risk engine
— Explicit Risk Factor P&L contributions

— Computational efficiency of post-simulation analytics: multiple scenarios and
assumptions in real-time, providing multiple-portfolio views and an explicit
assessment of model risk

¢ General conditional scenario framework

— Examples here are for conditional scenarios where factor are given fixed values
(“point scenarios” or views), but easy to extend to more general views, e.g. bounds
on the variables, parameters of the factor distributions, etc.

Copyright - DAN ROSEN 57
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A Note on Regression and Heteroskedasticity

e Assumption of LSR is that the variance of the errors around the regression surface is
everywhere the same, i.e. V(U)=V(Y | X) = 0> (Homoskedastiticy)

— Heteroskedasticity does not cause biased estimates, but it does pose problems for efficiency —
usual formulae for standard errors of the estimates are less accurate

— Standard econometric tests for heteroskedasticity: White test, Breusch-Pagan test

* Heteroskedasticity is in general not a big problem for conditional expected scenarios

— Butimportant when we are concerned with full conditional scenario distributions

¢ Several ways to correct for heteroskedasticity in LSST

— Transform both the dependent and independent variables with non-linear functions (or add
polynomial terms or basis functions)

— Techniques such as Weighted LSR
— Adjust the variance of the error distribution conditional on the specific economic scenario

— Quantile Regression Techniques: can be applied when one is interested in specific quantiles
(e.g. VaR) or obtaining the full conditional scenario distribution

- Useful specifically for the one-dimensional case of the Portfolio P&L

Copyright - DAN ROSEN 58

Global Outlook — Conditional Scenarios
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Global Outlook — Conditional Scenarios

# Base

®Full

us Int’l EUR
IR&CR

IR

us
CR

us
EQ

FX

EQ
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US Outlook — Conditional Scenarios

Conditional Expected Scenarios on Market Factors

0.80 7

Rates

Credi

Equities
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US Outlook — Factor Regressions

v:]
1Y
7
(]

US Real GDP
US CPI Infl

US Eq-S&P500

US Eq-S&P Finan

US Eq-S&P Indust

US Eq-S&P Cons Disc

US Eg-S&P Info Tech

US Eq-S&P Materials

US Eq-S&P Health

US Eq-S&P Telecomm
US Eq-S&P Cons Stap |

US Eq-S&P Energy

US Eq-S&P Utils

US Spread IG

US Spread HY

CDXIG

CDX HY

USD Govt 3M

USD Govt 6M

USD Govt 1Y

USD Govt 3Y

USD Govt 5Y

USD Govt 7Y

USD Govt 10Y

USD Govt 30Y
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US Pct Unemp.

US Rate Short

BEEN - ®m » EEEEEE vsRatLong

Crude Oil

HEEEEN =
SN FEEEEEEEEEEEEEE -2

Full Scenario

US Eq-S&P500

US Eq-S&P Finan

US Eq-S&P Indust

US Eq-S&P Cons Disc
US Eq-S&P Info Tech
US Eq-S&P Materials
US Eq-S&P Health
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US Spread IG

US Spread HY
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Conditional Scenarios — Example

US Eq-SaP Indust

US Eq-S&P Indust

US Rate Long

Up Scenario

US Rate Long
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Base Scenario

US Eq-S&P Indust

US Rate Long

Down Scenario

US Eq-S&P Indust

US Rate Long

71
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5. Portfolio Simulation And Analysis — Global Scenario

Nmy VaR P& Global  Rel. SUS Million nvy F&L - Global
(Annual) Mean Scenario Return Mean Scenario|
Portfolio| 457.5 16.0% 3.7%  81%  4.4% Portfolio 458 159  37.0
EQ| 2214 29.0% 67% 17.1% 10.4% EQ 221 145 378
IR| 1112 144% 16% -01% -1.8% Uskal 5 &7 22
EUEQ 48 26 9.8
CR| 1249 168% 0.4% -05% -0.8% GBEQ 16 08 18
JPEQ 22 13 4.1
IR 111 1.5 0.1
GLOBAL ECONOMIC OUTLOOK LSOV %5 03 07
% Gaining Traction, Gaining Balance EUSOV 59 13 06
CR 125 -01 -06
GLOBAL Scenario us EURO UK JPN US IG 70 -0.1 -1.0
2005 USHY 60 -06 02
3 15 28 08 EUHY 32 04 1.1
uUscps -38 0.2 -1.0
0.3 -0.3 0.1 0.4
IR Short 0. 0.1 0.5 0.1
IR Long 23 0.3 20 0.3
FX 0.9 0.7 120.0
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Portfolio Simulation And Analysis — Global Scenario

i Rates Portfolio

NMV VaR P&L Global Rel. , | Ausoov
s 060 7
(Annual) Mean Scenario Return oao | SEURSOV
Portfolio | 457.5 16.0% 37%  81%  4.4% oz |
EQ| 2214 29.0% 6.7% 17.1% 10.4% - f x x ]
Glo! Global + 500
IR| 1112  144%  16%  -0.1%  -18% o
-040 7
CR| 1249 168%  04%  -05%  -08% 080 } ]

Portfolio P&L - Conditional Expected Scenario 150 1
Global Outlook
®portfolio

000
wiq 050
3500
e s . \ s
3000 wen *oit of P
050
250
2000 00 7
4 ™ Credit Portfolio
1500 150
1000 200 +7 WUsDAG
500 250 77 WUsDHY
000 300 7 meug
Mean Gobat scanario Stobatot lobat+oit+se EURHY §

 Credit Default

Copyright - DAN ROSEN




Portfolio Simulation and Analysis — US Outlook Scenarios

US Equity Portfolio
(NMV = US $136 M)

U.S. Economic Forecast

U.S. Scenario
2015

Real GDP (% change)

Inflation (% change)

Unemployment (%) 5.4 54 5.8
IR Short 0.4 0.3 0
IR Long 24 23 21
S&P 500 (%) 10.0% 7.6% 8.5%
Oil ($/bbl, WTI) 50.12 50 48.56

35.0

The Emperor’s |**°
New Groove |*°

20.0
15.0
10.0
5.0
0.0

Mean VaR
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Portfolio Simulation and Analysis — US Outlook Scenarios

US Equity Portfolio — Expected Scenarios
(NMV = US $136 M)

35.0

M All factors

/
300
250

| —

Base Up Down

Mean VaR
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Portfolio Simulation and Analysis — US Outlook Scenarios

US Equity Portfolio — Impact of Variables entering Expected Scenarios

350 B All factors

300 - B Less S&P500

25.0 - B Less S&P 500-rates

20.0

15.0

5.0 -

0.0

Base Up Down Mean VaR
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Portfolio Simulation and Analysis — US Outlook Scenarios

US Equity Portfolio — Sector Breakdowns in Expected Scenarios

M Cons Disc

M Cons Staples

W Energy

H Financials

H Health Care

® Industrials
“info Tech
 Materials
Telecom
W Utilities
Mean Base Up Down
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Portfolio Simulation and Analysis — US Outlook Scenarios

US Equity Portfolio — Expected Scenarios and Conditional Tail Losses

UL (unexpected loss) = VaR 99% + Expected P&L

450 H Unconditional

40.0 ’ B US Model - All factors
35.0 B Less S&P 500

300 M Less S&P 500 & Rates

20.0

15.0

5.0

Base

Down

UL
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Portfolio Simulation and Analysis — Adverse Scenarios

CCAR Regulatory
Scenarios 2015 *

us. ::1"5"3’“ UPSIDE BASE | DOWNSIDE Adverse ii“’gfs'g

Real GDP (% change) 34 3 21 0.3 -1.5
Inflation (% change) -0.3 -0.3 -0.4 4.0 1.1
Unemployment (%) 5.4 5.4 5.8 7.3 9.9
IR Short 0.4 0.3 0 2.6 0.1
IR Long 24 2.3 21 4.6 1.5

S&P 500 (% change) 10.0 7.6 8.5 —-205 —57.9

Oil ($/bbl, WTI) 50.12 50 48.56 90.00, 110.00

=

WAl factors

,//

¥ Less S&P500
M Less S&P 500-rates

200 +
100

Base

Up

Down

* Approximate
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Portfolio Simulation and Analysis — Adverse Scenarios

US Equity Portfolio — Comparing against CCAR Adverse scenario (p&Lin $ Million)

Adverse
Base Up Down CCAR
3000 | 300
20.00 200
10.00 - N 100
. 0.0 -
' Mean VaR
B All factors
-10.00
B Less S&P 500
-20.00 -
M Less S&P 500 & Rates
-30.00
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Portfolio Simulation and Analysis — Adverse Scenarios

US Equity Portfolio — Risk Factor Contributions — CCAR Adverse scenario

- I
-10.00
-20.00
-30.00
All Factors Less S&P 500 Less S&P & Rates
100%
80%
60%
40%
20%
B US_MKT_IDX
o -
¥ US_RATE_LONG
-20% US_RATE_SHORT
-40% B US_UNEMPLOYMENT
-60% W US_CPI_INF
US_REAL_GDP
-80% - -
M INTERCEPT

-100%
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Portfolio Simulation And Analysis — Example

USD Portiolio

USD Portiolio

US Real GDP

Up Scenario

US Real GDP

USD Portiolio

Base Scenario

US Real GDP. .
Down Scenario

US Real GDP
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Integrated Market-Credit Simulation

Economic Factors

Economic Scenarios

GLOBAL EC

GaringTcton, GiingBaline

Portfolio

Portfolio 458
EQ 221
US-EQ 136
EU-EQ 48
UK-EQ 16
JP-EQ 22

IR 111
Us-Gov 52
EU-SOV 59

R 125
Us-IG 70
US-HY 60
EU-HY 32

US CDS -38

Inflation
IR Short
IR Long

EQ (S&P500)
oil (WTI)

FX

GLOBAL & U.S.
Scenario Factors

Real GDP

X

X X X X X

X
X
X
X

Market Factors

R
Curves

CDS: US 16, HY
USD Gov  Bond Spre
US 16, HY

us
Sectors

XE

o8

>

EURSov EURSpreagHY EUR

z1

72

b A

211
212
213

221
222
223

cep

Y

Credit Factors

Zk
k1
k2
2*3

X

E3mED
X X

X

Joint factor processes {X, Y, Z}
Required for aggregated market-
credit losses and economic
scenario stress testing
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Credit Portfolio Model Components

Default
Migration Codependence

Credit Portfolio
Loss Distribution

‘ (MC Simulation)
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Applying Conditional Scenarios and LSST to Credit Portfolios

Key issues:

e Multi-step joint economic and risk factor model

— Multi-step dynamic credit portfolio model

Non-linear regression transformation for credit losses

LSST and multi-step economic scenarios (defined “path” scenarios)

Modelling systematic vs. idiosyncratic losses

Computational efficiency

— Exploiting the credit model’s conditional independence structure

Copyright - DAN ROSEN

97

27



General Credit Portfolio Model

Conditional PD PD(Z = z)
PD(z)=G(a + b z) = (PD) 5
-1 _ a=———", b = |-
. MJ = 5
Ji-p

— G =distribution of the idiosyncratic component; H = distribution of CWI
Models — examples

— Standard Probit (Gaussian copula/Vasicek/Merton type)

F(x)=G(x)=H(x)=N(x)
— Standard Logit

x

F(x)=N(x) , G(x)=1" _ . H(x) implicit from F and G
+e
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Multi-step Credit Portfolio Model — Extensions

Model 1: Static (Multi-Step) Copula
— Assume calibrated model for 1 period (e.g quarterly)
— Defined process for Z (which can be simulated say over 4 steps)
z,=z_,+Az, t=1...,n

— Define the cumulative PD to time t PD, t=l...n

— Then, in the spirit of the “static” copula model:
PD, (z)= G(a” +b z*)

H'(PD")—\/;z*)

-p

-G

with the canonical (or standardized) factor z*,=2,/0,
— PD,(z) is the conditional probability given the entire path of the z process

— Essentially, the model is calibrated to the quarterly data and then the constant
parameter adjusted for the yearly probability
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Multi-step Credit Portfolio Model - Extensions

Model 2: Dynamic Conditional Probability Model

— Assume calibrated model for one period (e.g quarterly)

z,=z,,+Az, t=1...n

Assume that, at each step: the PD conditional on
—  Survival of the previous step, and

— the path of the systematic factor, z

is given by the single step model.

PD,(z)=PD,(2)+(1-PD\(2)) G(a+b z*,)

Defined process for Z (which can be simulated say over 4 steps)

Then, for example, for two periods, the cumulative PD is

where, as before, z* is the canonical (or standardized) factor (and assume z i.i.d.

increments, otherwise some complications)
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Non-Linear LSST for Credit Risk — Example

Correlation of Credit Factor to Market Factor = 77% Simulation of Portfolio Losses and Linear Regression

¥
5
Losses
v

o
¥
w%le,

*
o

.
i
4
b
i
o

Loss Regressions

PD(2)=G(a + b2)

Losses

=G

wtla,

¥6 P

1-p

09
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Scenario Methodologies — Some Extensions

Hierarchical LSR

— Orthogonal incremental contributions with prioritized factors

Non-linear regression and generalized linear models

Quantile regression methodologies

e Maximum Likelihood Methods
— Provide bounds and distributional estimates

— Conditional estimates in the tails

e Parametric or semi-parametric distribution approximations in the tails

Kernel and entropy methods
— Bandwidth optimization

— Tail extrapolations
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Concluding Remarks

The future cant be predicted...

But the combination of
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University of Toronto.
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decade at Algorithmics Inc., where he lead financial engineering and research, strategy, products and marketing.

In addition to working with numerous financial institutions around the world, he lectures extensively on financial
engineering, portfolio management, enterprise risk and capital management, credit and market risk, valuation of
derivatives and structured finance. He has authored numerous risk management and financial engineering publications,
including two books, and several patents, and serves in the editorial board of various industrial and academic journals.

Dr. Rosen was inducted in 2010 a Fellow of the Fields Institute for his “outstanding contributions to the Fields Institute, its
programs, and to the Canadian mathematical community”. He currently serves in the Board of Directors of the Fields
Institute, as well as in the Advisory Boards of the OSC on Fintech, Canada’s Institute Innovation Platform (IIP), International
Association of Quantitative Finance (IAQF), Global Risk Institute (GRI), Center for Advanced Financial Studies at the
University of Waterloo, and the Institute for Leadership Education in Engineering (iLead) at the University of Toronto. He is
one of the founders of the Professional Risk Management International Association (PRMIA) and of RiskLab, initiated at
the University of Toronto.

He holds an M.A.Sc. and Ph.D. in Chemical Engineering from the University of Toronto, and was a Post-Doctoral fellow at
the Centre for Management of Technology and Entrepreneurship. His B.A.Sc. is in Chemical Engineering from Universidad
Autonoma Metropolitana, in Mexico City, where he was awarded in 2015 the recognition of Distinguished Alumni.
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digital wealth management platform
powered by advanced analytics
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