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Current user versions

More than half of users are using RiskFrontier 5.1 or above

RiskFrontier Version

Below 5.1
44%
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Features in Recent
RiskFrontier Versions



Recent RiskFrontier versions

Enhancements across usability, analytics, and technology

RiskFrontier 4.4.2
RiskFrontier 5.0

2017

RiskFrontier 5.3

RiskFrontier 5.4 AT 20

2019

o o o ® P
2016 2018 2020
RiskFrontier 5.1 _ .
RiskFrontier 5.2 RiskFrontier 5.5
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RiskFrontier 5.4 (December 2018) and
5.5 (September 2019)
T S A

Functionality enhancements that ease
use and help improve process efficiency

» CSV import feature supporting 46
commonly used tables (5.5)

» Account subscription information
display on the RiskFrontier User
Interface (5.5)

» Support custom correlation model
with more than 200 macroeconomic
variables (5.5)

» RiskFrontier On-Demand SaaS (5.5)

» Import performance for bond, loan,
and lease instrument types has been
improved (5.4)

MOODY'S ANALYTICS

Valuation enhancement of CDO module
for more intuitive and accurate
outcomes and GCorr update

CDO valuation grid now considers the
number of active collateral loans at
analysis date as opposed to the number
of collateral loans that mature beyond
horizon, making valuation more
accurate for CDO tranches that mature
beyond horizon with one or more
collateral loans that mature prior to
horizon (5.4)

Increase asset class coverage

» GCorr 2018 Release (5.4)

»

»

»

»

»

»

Corporate correlations

Emerging Markets
correlations

US / Canada Retail
Correlations

US / Canada CRE Correlations
Project Finance

Macroeconomic Variables
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Latest Features in RF
5.6



RiskFrontier 5.6 - Highlights

Release Date :
January 31, 2020

RiskFrontier 5.6
Addition of Sovereign Calculation of
Factors Duration Metric
GCorr 2019 Model
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Enhancement to Conditional
Simulation Module

Introduce RF SaaS APIs




Usability: RF SaaS API

» Instance Management

Provides ability to Start and Stop the Core/DB Servers. Applicable to OnDemand setup only.
» Data Import
Provides ability to Import Portfolios in csv format. The below functionalities are part of the API
— Import CSV files only. For other file formats user will have to use Ul
—  Export Error Summary
—  Check Import Status
» Run Analysis
Run Portfolio Analysis. The analysis & data settings have to be created on the Ul
— Only Portfolio Analysis is supported with this release
—  Export Error Summary
— Check Analysis Status
» Export Results
Export instrument level results is only available in this release
— Export Exposure Results with all columns included

— Other reports can be downloaded from the Ul
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Usability: Enhancement to Conditional
Simulation

» Prior versions of RiskFrontier required users to input return values when creating macroeconomic
scenarios

» New feature takes actual macro levels at horizon and analysis date as inputs for Macroeconomic
Scenarios

» Transformations and return calculations are handled by RiskFrontier based on the Macro variable
Before After

M Macrosconomic Scenario bl M| Macroeconomic Scenario

| Scenaric Name: | Scenario Name
| | RF53 - Condtional Simulation | | | RF56 - Condttional Simulation |
| Description: | Description:
| Select Correlation Model | Select Correlation Model
|GCoRR 2018 -] GCORR 2019 v
| Select return frequency for Moody's Analytics correlation model | Select return freguency for Moody's Analytics correlation model

-\ A
" Quarterly @ Annual | O Quarterly @) Annual

| Define 2 Macroeconomic Scenario Define a Macroeconomic Scenario

Add macroeconomic variables for the scenario and specify their retums over the selected scenario Add " . . . "

. | macroeconomic varables for the scenario and specify inputs as of analysis date and horizon. Refer to the
penlogl. l‘:ljo_tett:atdfor “‘.‘°9d?f. ;Iﬁ;ahfhcs comelation models, inputs are in the form of log retums, as Risk Frontier User Guide for input definition for each macroeconomic varables. MNote that for Moody's Analytics
explained in the description fiel | comelation models. inputs must be provided in decimals.

add | Edt | Delee | Edit | [ Delete
| - |
M Add Macre Variable x | M Add Macro Variable x|
|
Stress the following variable | Stress the following variable |
Macr: nomic Vanable Return Descripiion | Macroeconomic Variable Level as of &nalysis Date Level as of Horizon |
7 |
[Us vix | [o5esd Log-Return [ | |us vix v| [3220 | [ss.700 |
|
|
Add | Cancel | | Add Cancel |
|
J

*Note : RiskFrontier 5.3 and below will take inputs in the old format for conditional simulation.
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Analytics: Duration Metric

» New feature to calculate modified duration for fixed and floating interest rate
instruments

» The option to calculate modified duration is available in the Analysis Setting

» Generates Two Outputs u

— Yield to maturity 9Dy [l

. R General Advanced Options [] Set risk contribution floar to zera
- MOd Ifled DU rat|0n Monte Carlo [ Use default-no-default mode
Advanced

[ Use mark-to-par spread

» Supported only for Lattice Valuation Mo Seete e e e e

Valuation [] Use user specified capital for allocation usD
MC Output RiskFrontier additionally provides capital outputs based on the capital value
P! you provide and the risk contribution and/or tail-risk contribution normally

calculated during a portfolio analysis

Use user specified deleverage ratio

Calculated only for the following types of et s et oy i e

Otherwise, check and specify your own value. The acceptable value is from 0

i nstru ments [] Caleulate modified duration

RiskFrontier calculates modified duration 2nd yield to maturity at instrument
level as additional cutputs. Calculated only for |attice valuation and for bond
and loan instrument types.

>

\4

— Bonds

Modeling Exposure Profiles MNorm: Maximum Exposure ~
— Term Loan Bu | | ets User's Qwn Credit Risk Parameters:
() User-specified value (® Recommended value
1-Year FD 0.020

%  1-YearPD 0020%

— Term Loan Amortizing

— Term Loan Amortizing — Custom Cash Flow
— Retail Loan

— CRE Loan
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GCorr 2019 Data Update

Models Updated in GCorr 2019 Models made Cozrgi);tlble with GCorr

= GCorr Corporate

= GCorr Emerging Markets
= GCorr CRE US

= GCorr Macro

= GCorr Sovereign

*Note: the dataset used for estimation of above 2019 models will include additional
data points

MOODY'S ANALYTICS

GCorr CRE Canada
GCorr Retail US
GCorr Retail Canada
IRR Model

Lambda Correlations
PD-LGD Correlation
SME

Equity
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Moody’s Analytics Global Correlation
(GCorr™) Model continues to expand

2011

. 2010 Sovereign
. 2008 SME
‘2004 U.S. Retail

1995 pp.cp U CRE

Correlation
GCorr

Corporate

2013

2012
GCorr

SME CanadMlacro
SME SouthIRR
Africa

2015

Emerging
Markets
US Retail
V2

2018 2019

r US CRE V2
2016 E;Eada ;E)Skead Sovereign V3
Canada Retail
Project Finance
Sovereign V2
PD-LGD Corr V2
Plus:

» unlisted firms,
» municipal bonds
» structured instruments

» GCorr —a multi-factor model of correlations among Issuers’ asset returns

— GCorr includes several asset classes: corporate (listed firms), CRE, retail, SMEs, sovereigns

— Correlations for unlisted firms, municipal bonds and structured instruments can be also determined

within GCorr

» GCorr Corporate — a forward-looking multi-factor model of asset correlations among about

47,000 listed firms from over 70 countries and a wide range of industries

MOODY'S ANALYTICS
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GCorr 2019 Highlights

» Models are updated using market information through March 31, 2019
— GCorr Corporate

> GCorr 2019 asset correlations are on average slightly lower globally than GCorr 2018 asset
correlations.

> Results vary by region, sector, and size of firms. For example, asset correlations exhibit
slightly increase across sectors in United States.

— @GCorr US CRE

> A methodology update by introducing linkage to local macroeconomic variables which
allows for state-level stress testing

> A mild decrease in asset correlations compared to previous year

» Sovereign model is updated with most current data, and a methodology update by
introducing sovereign specific credit factors

» Models that were made compatible with GCorr 2019: Retail, Canada CRE, SME and PD
LGD model
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Modeling Credit Risk
Correlations using
GCorr

A



How to think of correlations in credit risk?

» Portfolio credit risk analysis has two parts:
— Stand-alone credit risk of debt instruments in the portfolio

— Correlations (or more generally a dependence structure) of changes in credit
qualities of firms

» One way to approximate correlations of credit quality changes is to use asset
returns and their correlations (i.e. asset correlations).

» An adequate correlation model should be able to quantify diversification and
concentration effects within a credit portfolio.

- Moody’s Analytics GCorr model (Global Correlation Model)
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Moody’s Analytics Global Correlation
(GCorr™) Model continues to expand

GCorr Model continue to expand in terms of both asset classes and global coverage,
and number of factors in the model has more than doubled since 2010.

GCorr GCorr GCorr GCorr GCorr GCorr GCorr GCorr GCorr GCorr
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Corporate 110 110 110 110 110 110 110 110 110 110
CRE-US 78 78 78 78 78 78 78 78 78 78
Retail — US 57 57 57 57 57 57 57 57 57 57
Macro - - - 62 77 91 100 103 114 94
IRR - - - 3 3 3 3 3 3 3
EM - - - - 161 161 161 161 161 161
Lambda - - - - - 9 9 9 9 9
Local Macrovariables - - - - - 102 138 156 156 156
Retail - Canada - - - - - - 24 24 24 24
CRE - Canada - - - - - - - 23 23 23
Sovereign - - . - . - - . - 133
Total Factors 245 245 245 310 486 611 680 724 735 848

v

Increase of number of GCorr factors
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GCorr 2019 Corporate factor structure

r. = (RSQ, ¢ + J1-RSQ, &,

l Firm/Counterparty
D, &
Systematic Idiosyncratic
Factor Factor
49 Country Factors 61 Industry Factors

Systematic factors of firms j and k are correlated through their
exposure to country and industry factors.

» Given the model assumptions, the asset correlation between firms i and k is:

In this factor model, asset correlations are

Corl‘(ri y rk) = \/RSQI \/RSQk corr (¢| ’¢k) |:> given by two sets of inputs: R-squareds and

custom index correlations.
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GCorr Corporate is updated and expanded
annually

» GCorr 2019 Corporate includes the
dynamics of the most recent available
weekly asset returns. Number of Firms Covered by GCorr Corporate

— Data used for R-squared estimation —a 48,000
three-year window: April 2016 — March 47,000
2019

GCorr 2018 Corporate: April 2015 — March 2018 44,000

43,000

— Data used for estimation of systematic 42,000 a2,

factor correlations: July 1999 — March 41,000
2019 40,000

39,000
GCorr 2018 Corporate: July 1999 — March 2018 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

46,000
45,000
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Slightly higher empirical asset correlation

Empirical asset correlation in April 2016 — March 2019 window is slightly higher
than the asset correlation in April 2015 — March 2018 window

North America financial (820 Firms)

— 1 Year — 3 Year
40.0%
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North American Financials

North America financial (820 Firms)

—1 Year—3 Year

30.0%

Market falls due to panic around
China and crashing oil prices
25.0%- R=F

20.0%-+

15.0% 1 ‘

h
10.0% !'

August 2015 turbulence in China
o/
5.0% stock market

August 2015 turbulence&Crashing Oil and China

in China stock market fade away
fades away

Presidential election

7
AT

Good economy outlook, tax
cut and Oil price increases

/

Feb 2018, Stock sell off Dow
Jones suffers worst fall in
two years

Federal government
shutdown; Rising interest
rates; Speculation that
Trump might fire Fed chief
Jerome H. Powell

N

\WJ " 4

Investors’ worries about
slowing global growth;
Disappointing reports from
big corporations

0% 5 A > >
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Lower empirical asset correlation

Empirical asset correlation in April 2016 — March 2019 window is lower than the
asset correlation in April 2015 — March 2018 window

Asia financial (544 Firms)

— 1 Year — 3 Year

40.0%

35.0% -

30.0% -

25.0%+

20.0%+

15.0%1
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Asia Financials

Asia financial (544 Firms)

—1 Year—3 Year

30.0%

August 2015 turbulence
in China stock market

25 0% - Market falls due to panic fades away

) around China and
crashing oil prices
0/.

20.0% Stocks rises due to the signs
Crashing Qil and China of easing U.S.-China trade
fade away tensions

15.0% - U.S. market meltdown in Feb

2018 was spreading across
Asia
10.0% o -\
5.0% 1
0.0% - ; ;
D o X\ N N
Q Q Q Q Q
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Short run volatility is below the long run
volatility

» Potential increase in volatility levels in US SYSTEMATIC FACTOR ROLLING VOLATILITY
next few years:

-
i
ES

-
]
ES

— Volatility calculated over April 2016 —
March 2019 window is lower than
volatility over July 1999 — March 2019
window. If we expect volatility to be
mean-reverting, then three-year rolling
volatility can potentially increase in next 0o%

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

COU ple Of yea rS . 3 year volatility — es=long-run volatility

Volatility
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GCorr 2019 covers many firms from Asia,
North America, and Europe

Number of Firms by Region

e A frica e \sia = A Listralia Furope
== apan === atin America =—@==NMiddle East ==@==North America
20000
18000
16000
14000
12000
10000 e - ‘ —
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4000 ® ® ® ® ® Q

2000 " & T == T == -

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Regional Coverage in GCorr 2019

Africa

North America 20

22%

-\ [
Middle East ’
2% _\

n America —
Latin ;rerlca —

Japan_/

9%

Europe
1 gc£ \_ Australia
5%
= Africa = Asia = Australia Eurape
= Japan = Latin America =Middle East = North America
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Understanding and
Implications of GCorr

2019 Corporate



Key Findings

» GCorr 2019 asset correlations are on average slightly lower than GCorr 2018 asset
correlations.

» GCorr asset correlations are impacted by:
» Factor correlations: flat

» R-squared values: slightly decrease

» Results vary by region, sector, and size of firms
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Overall, GCorr asset correlations are slightly

lower than the previous model

Global Random 5000 Firms: GCorr Asset Correlations

Mean Std Min Q1 Med Q3 Max
GCorr2018 : 8.61% : 5.62% 0.06% 5.06% :7.21% : 10.40% 65.00%
| 1 | |
| | | |
GCorr2019 | 833% |  5.33% 0.00% 4.95% | 6.99% | 10.04% 65.00%
| | | |
| 1 | |
GCorr2019 - GCorr2018 :_ 0.28% ! 1.63% -16.63% -0.96% 1.0.09% I 053% 20.07%
--U b

Levels: On average, the asset correlations are
slightly lower than GCorr 2018.

* Row “Differences” provides statistics for pair-wise differences between GCorr 2019 and
GCorr 2018 correlations. Thus, it is not determined by subtracting statistics in the first row
from those in the second row.
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Overall, GCorr factor correlations are
unchanged and RSQs are slightly lower

Global Random 5000 Firms: GCorr Factor Correlations

Mean Std Min Q1 Med Q3 Max
GCorr2018 I 438% 1 17.4% 0.2% 31.8% | 409% 1  52.3% 100.0%
| | | |
| 1 | |
GCorr2019 : 43.8% : 17.4% 0.0% 31.7% : 40.8% : 52.2% 100.0%
1 = 1 =
| 1 | |
GCorr2019 - GCorr2018 1 0.0% | 2.1% -50.4% -0.4% 1 0.0% | 0.4% 50.8%
S | S |

Global Random 5000 Firms: GCorr RSQ

Mean Std Min Q1 Med Q3 Max
GCorr2018 217w 1 141% 10.0% 100% | 155% | 30.2% 65.0%
| |
| | 1 |
| |
GCorr2019 L 209% | 133% 10.0% 10.0% |, 150% |,  29.0% 65.0%
1 1 1 1
| | 1 |
GCorr2019-GCorr2018 | -08% |  5.0% -10.0% 34% 1 00% 1 11% 10.0%
Y | Y |

* Row “Differences” provides statistics for pair-wise differences between GCorr 2019 and
GCorr 2018. Thus, it is not determined by subtracting statistics in the first row from those in
the second row.
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Asset correlation changes in different
regions and sectors

Random 1000 Firms in Different Regions:
Average GCorr Asset Correlation Change

All Financial Industrial
. 0.09% 0.21% 0.07%
United States (1000) (235) (765)
Europe -0.36% -0.54% -0.32%
P (1000) (236) (764)
Jaban 0.49% -1.40% 0.67%
P (1000) (95) (905)
_____ 1
Asia -0.70% -0.32% I -0.75%
(1000) (110) | (890) e
_____ J -.---......
Global -0.34% -0.46% -0.33% -
oba (1000) (168) (832) Asset correlation decreased for

Asian Industrials

Asset correlations exhibit slightly increase across sectors in United States while decreasing
across sectors in Asia.
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Factor correlation and R-squared value
changes in different regions

Random 1000 Firms in Different Regions: Random 1000 Firms in Different Regions:
Average Factor Correlation Change Average R-Squared Change
All Financial Industrial All Financial Industrial
. 0.52% -0.11% 0.75% . -0.05% 0.19% -0.12%
United States (1000) (235) (765) United States (1000) (235) (765)
Europe -0.12% -0.32% -0.03% Eurone -0.73% -0.90% -0.68%
P (1000) (236) (764) P (1000) (236) (764)
Jaban -0.20% -0.14% -0.20% Janan 0.55% -1.25% 0.74%
apa (1000) (95) (905) P (1000) (95) (905)
_____ 1 —_—_———
Asia -0.18% -0.07% ! -0.18% 1 Asia -1.50% -0.49% | -1.62% 1
(1000) (110) : (890) | (1000) (110) ': (890) |
_____ W e = -
Global -0.03% -0.02% -0.03%  *, Global -0.92% ““.‘:ﬁ'_94% -0.92%
(1000) (168) (832) (1Qoey” (168) (832)

Asset correlation change in Asian Industrials is mostly driven by R-squared changes

MOODY'S ANALYTICS What’s New in RiskFrontier and GCorr 2019 Update
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GCorr asset correlation changes vary by size

Average Asset Correlation Change by Size (Largest versus Random)

Financial Industrial

Largest Largest Largest Largest Random

100 1000 100 1000 1000

United States 1 -2.35% 1 0.34% 1 -0.63% 1 -0.50% 0.08%
} 1 ] 1

Europe | 2.81% 0.87% | 322% |, -1.20% 0.30%
I I | I

Japan I 2.10% : -1.06% I -1.57% : -0.05% 0.72%

1 1

| 1 1 |

Asia 1 -1.53% | -0.82% 1 0.14% 1 -0.64% -0.73%
[ * [ J

In general, the asset correlation decreased in largest firms globally.
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Impact on portfolio statistics

. . Number R-squared Asset‘ Unexpected Loss  Economic Capital
Region Portfolio . Correlation
of Firms Change Change Change
Change
Global Non-Financials 30,627 -0.8% -0.3% 1.2% -1.9%
Non-Financials, EDF < 100 bps 18,247 ~0.5% -02% -1.4% -1.8%
Financials 6,018 -1.0% -0.5% -2.4% -3.9%
e e e e e e e
Financials, Assets > $25 billion 629 -19% L -13% -3.3% 27% 1
us Non-Financials 3,699 -0.2% -0.1% -0.8% -11%
Non-Financials, EDF < 100 bps 2,128 0.1% 0.1% 0.8% 4.6%
Financials 1,243 0.0% -0.1% -0.3% 0.0%
T e Rl S
Financials, Assets > $25 billion 120 18% 1 -19% 2.4% 3.4% 1
Europe Non-Financials 4,975 -0.6% -0.3% 1.2% -1.8%
Non-Financials, EDF < 100 bps 3,382 -0.7% -03% -1.4% -2.5%
Financials 1,459 -1.0% -0.6% -2.9% -4.4%
T R RE R
Financials, Assets > $25 billion 155 -33% [ -2.5% -4.9% -12.9% |
Asia/Australia Non-Financials 19,216 -1.0% -0.4% -1.0% -2.5%
Non-Financials, EDF < 100 bps 11,335 ~0.5% -02% 17% -2.4%
Financials 2,388 12% -0.6% -2.9% -5.8%
Financials, Assets > $25 billion 274 -1.0% -0.6% -0.4% 0.0%

» In general, directional change of unexpected loss and capital will be in line with asset correlation
change.

» In general, portfolios of large financial firms exhibit higher decrease in asset correlation, unexpected
loss and capital than the others.
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Validation of GCorr
Corporate 2019



Validation of GCorr Corporate

» In-sample validation of GCorr 2019 Corporate

— Comparing GCorr 2019 asset correlation level to 3-year historical asset correlations.

» Qut-of-sample validation

— Comparing forward-looking R-squared to out-of-sample empirical R-squared.
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Comparison of forward-looking GCorr
correlations and historical correlations

» Asset correlations and R-squared values produced by GCorr 2019 Corporate are
higher than the empirical levels over April 2016 — March 2019:

— Recent volatilities are low compared to the long-run average, so GCorr predicts future
correlations to be slightly higher than what we observe historically

1,000 Largest firms

Median empirical correlation per a GCorr correlation bucket

0.7
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Median analysis for various regions

1000 Random — US

1000 Random — Global
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Out-of-sample RSQ Prediction

» The forward-looking RSQ accurately predicted that level of RSQ would be higher in
the future compared to the historical one-year and three-year RSQ

2006 North America - Industrials 2016 North America - Industrials
30.0% 30.0%
25.0% 1 25.0% 1
20.0% - 20.0% & Forward-looking RSQ
+ 1Y Historical RSQ
X 3Y Historical RSQ
15.0% 15.0%
ﬁ <& 1Y Out-of-Sample RSQ
V¥ 2Y Out-of-Sample RSQ
100%4 & 10.0%
. X % ® 3Y Out-of-Sample RSQ
50%1 % 5.0%-
0.0% 0.0% 1
Jan-07 Jan-08 Jan-09 Jan-17 Jan-18 Jan-19
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Additional validation of GCorr Corporate

» Asset correlations implied by empirical default rates

— Research paper by Moody’s Analytics — Asset Correlation, Realized Default Correlation, and
Portfolio Credit Risk.

— GCorr asset correlations were generally higher than the default implied asset correlations.

» Correlations as an input of a portfolio credit risk model

— Research paper by Moody’s Analytics — Navigating Through Crisis: Validating RiskFrontier®
Using Portfolio Selection

— Using GCorr Corporate correlations results in ex-ante Unexpected Losses which perform
better in identifying more and less risky portfolios than alternative correlation measures,
such as empirical asset correlations.

— Portfolio losses estimated using ratings-based PDs and Basel Il correlations result in a less
conservative view of economic capital than parameterization using public EDF and GCorr
measures
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Summary of GCorr 2019 Corporate

» Trends in asset correlations:

— Empirical asset correlations are lower than last year’s level for most of the regions and
sectors.

» Main features of GCorr 2019 Corporate:
— GCorr 2019 asset correlations are lower than GCorr 2018
» Factor correlations: flat

» R-squared values: slightly decrease

» Prediction by GCorr 2019 Corporate:

— We predict next year’s empirical correlations to be higher than this year’s
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Understanding GCorr
Sovereign 2019



Key Takeaways

GCorr Sovereign — a multi-factor model to measure credit correlations of sovereigns in the context
of a credit portfolio risk analysis. It is linked to factors of other asset classes.

GCorr Sovereign 2019 uses CDS data up to March 2019 to model the correlations.
»  The CDS spreads come from the CMA database.

» The model covers 132 sovereigns.

What has happened to sovereign correlations in recent years?
»  Higher levels of correlations during the financial and eurozone crises.
»  Generally, correlations at a lower level in the past 5 years.

» In the absence of a global shock in recent years, sovereign risk has become more linked to specific issues of
individual countries:

—  political instability, commodities slump, reliance on foreign-currency denominated debt.

Data & modeling enhancements in GCorr Sovereign 2019
»  Refinement of the factor structure to accommodate new empirical patterns.

» Move to the CMA database & new liquidity filtering of the CDS data.
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From CDS spreads to credit correlations

Spread correlation is not a good measure of credit quality correlation because spreads
are driven, among others, by risk-premium dynamics.

Instead, we consider Moody’s CDS-i-EDF as a purer measure of sovereign’s credit risk
dynamics (Physical Probability of Default):

Component 1 Component 2
stfl?cstif;r?or <« «» Riskneutral _ || Transformationof |, |, PhVSin:" PD =
an entit Weibull hazard rate PD risk neutral PD to CDS-i-EDF
Y model physical PD

To make the CDS-i-EDF series stationary, we convert them to Distance-to-default (DD),
by taking DD = — N-{(CDS-i-EDF).

Credit correlations for sovereigns — correlations of DD changes for a pair of sovereigns:
corr(ADD;, ADD;)
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Countries covered in GCorr Sovereign 2019

@ 62 countries with CDS spread data and covered in GCorr Sovereign 2019
@ 70 countries without CDS spread data but covered in GCorr Sovereign 2019

countries not covered in GCorr Sovereign 2019
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Risks of Emerging Markets seemed to have
diverged
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Moody’s CDS-i-EDF

5%
Lebanon, Turkey,
Tunisia, Egypt,
Brazil, Russia,
South Africa

1%
Korea, Thailand,
China, Panama,
Estonia, Chile
(despite recent

0%
O
’\9
Global Financial Crisis and its Performance of Emerging Markets begins
aftermath. High correlations. to diverge. Lower correlations.
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Forward-looking correlations?

Correlations of weekly DD changes, 3 year window.
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Why consider forward-looking adjustment?
The model should not reproduce only the recent correlation level, but also consider the possibility that correlations

may rise if the global economy undergoes a shock affecting many sovereigns at once.
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Introducing sovereign factors into the GCorr

factor structure

Corp _— ,.C | MV
¢"""P =ri+r ¢
Corporate Custom Macroeconomic
Index factors

Unemployment Rates,

C I Equity Market Index, Oil

r; r;
49 Corporate 61 Corporate

Country Factors Industry Factors

¢Sov
132 Sovereign

systematic factors
A

Sources of

sovereign
exposures

systematic risk for

— r

Global, regional, Additional

sector factors for common
corporate risk macrofactors

MOODY'S ANALYTICS

contagion effect — e define the 8
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North America, Soythern Europe,
Western Europe
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Overall, sovereign asset correlations are

lower than the previous model

62 Sovereigns with CDS data: GCorr Asset Correlations

Mean Std Min Q1 Med Q3 Max
Previous Model : 33.42% : 13.95% 7.89% 22.99% : 32.22% : 39.19% 87.17%
| 1 | |
| | | |
GCorr2019 | 3201% | 7.20% 14.86% 27.02% 1 31.14% | 35.91% 72.22%
| | | |
| 1 | |
GCorr2019 - Previous ModeI:_ -1.41% ! 11.15% -55.95% -6.88% :_-0.12% J 5.68% 28.45%
e Ly == -

.
.,
‘e
e
e
Y
Y
Ya
e
",
‘e

Levels: On average, the asset correlations for sovereigns with
CDS data are lower than previous model

* Row “Differences” provides statistics for pair-wise differences between GCorr 2019 and
previous model correlations. Thus, it is not determined by subtracting statistics in the first row
from those in the second row.
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Asset correlation changes in different
regions and markets

62 Sovereigns in Different Regions:
Average GCorr Asset Correlation Change

All Emerging Markets = Developed Countries
Americas -6.12% I -14.87% : 3.28%
|

| |

Asia/Australia -8.28% : -16.37% : 0.23%
| |
|

Europe -3.01% | 5.46% | -3.15%
| |
| |

Middle East and Africa 0.26% 1 0.26% | N/A

| |
| |

Global -1.41% I -3.46% | -0.93%
[ = _' -—

In general, asset correlations exhibit decrease in emerging markets across regions.

* “N/A” means none of 62 sovereigns in Middle East and Africa is assigned to developed countries.
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Patterns in sovereign asset correlations by

geographical areas

62 Sovereigns in Different Regions: Average GCorr 2019 Asset Correlation

. . Eastern Western Latin Middle East North Southern
Asia Australia . . .
Europe Europe America & Africa America Europe
r ~
/ S -
Asia f387% ~~_32.3% 31.0% 29.6% 38.4% 30.2% 26.9% 29.0%
~ ~
~ - ~ ~
~ - ~ ~
Australia 323% SO 346% S~ 29.3% 30.6% 34.0% 28.9% 28.3% 29.1%
~ ~
~ - ~ ~ -
~
Eastern Europe 31.0% 29.3%  ~ - 39.4%\ So 31.1% 32.8% 29.7% 27.1% 30.9%
S o S e -
S o ~
Western Europe 29.6% 30.6% 31.1% S < - 36.2% ~ - 31.5% 29.2% 31.2% 34.7%
~
~ ~ - ~ - -
~
Latin America 38.4% 34.0% 32.8% 31.5% S« - 48.2% "~ <« 32.4% 32.7% 29.7%
~ < ~ ~ -
~ ~ ~
Middle East & Africa 30.2% 28.9% 29.7% 29.2% 32.4% \33.6% N < 26.8% 27.8%
~ - ~ ~ N
~ ~
North America 26.9% 28.3% 27.1% 31.2% 32.7% 26.8% N ~ \35.0% So \28.7%
~ - S e -
~
Southern Europe 29.0% 29.1% 30.9% 34.7% 29.7% 27.8% 28.7% "~ - 35.9%,\

-"“' = ~ /

Within-region correlations are higher than across-region correlations r
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Summary of GCorr Sovereign 2019

» Trends in asset correlations:
— Generally, correlations at a lower level in the past 5 years.

— In the absence of a global shock in recent years, sovereign risk has become more
linked to specific issues of individual countries.

— Empirical asset correlations are more diverse across sovereigns in recent years
than in previous time periods.

» Main features of GCorr Sovereign 2019:
— GCorr 2019 uses data up to March 2019 and covers 132 sovereigns.
— GCorr 2019 asset correlations are lower than GCorr 2018 on the average level.

— Correlations of countries within the same region are stronger than correlations of
countries in different regions.
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8 Next Steps



Visit Customer Portal

» Tell your colleagues about the latest RiskFrontier version 5.6
» Check out Moody’s Analytics Customer Portal

— Download installation files and standard product documentation

WELCOME MY PROFILE = SIGN OU

3
MooDYS | cystomer Portal Search Ste. 8

ANALYTICS

Home Cases KnowledgeBase Content Downloads  Product Registration MNews @ Create New Case

WELCOME MY PROFILE = SIGN OUT

Iil DOWI'ltoadS MOODY,S Customer Portal Search Site... Q

ANALYTICS

Search for product files in the Downloads section

Home  Cases Knowledge Base Content Downloads Product Registration News © Create New Case

Filter your results

Use the filters below to restrict Filter Your Results Content

your search results £)/ search for Content

Use the filters below to restrict your

Clear Filter search results.
ClearFillers  © 22K
Show Only . - - .
@ v PRODUCTS (2)  Document Type (21) Search in|RiskFrontier®  [for | in [All Languages v |[Got] Clear Search
o (] User Guide (1692)
e FILE TYPE (4] g ge!edaf-; ;40071)95 (1373) Search Results: Showing 1-20 of 455 results
) ) Guide
) Data Guide (668) & Filters applied: RiskFrontier® (z)| Clear
. . ] Methodology (512) —
@ DisPLAY OPTIONS (3) [Woraw : :
. r+| Download 12345 Next> » Display Options
» Country (25) —
» Versioned Release (30+) [ [ Title Size Last Modified Downloads
: ;erinlgi?;el}ease (5 a] Il 5.6 - RiskFrontier Complete Documentation Set 1.8 MB 4 weeks ago =
oc 4]
» Publication Date (30+) ] % 5.6 - RiskFrontier User Guide 33MB 4 weeks ago ]
» Author(s) (30+) ] a 5 6 - RiskFrontier Technical Overview 961 KB 4 weeks ago L]
w Featured Content (1
O Featured (2) &0 m % 5.6 - RiskFrontier Technology FAQs 692 KB 4 weeks ago =

v'l;lgs (30%) [ I 56 - RiskFrontier Server Installation Guide 14 MB 4 weeks aqgo —
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Support and Additional Resources

» For ongoing day-to-day all product related questions, MA’s client support team via:
— Email: MA_support@moodys.com
— Phone: +1 212 553 1653
— Customer Support Web: http://moodysanalytics.com/support

>

v

RiskFrontier Methodology Document: “Modeling Credit Portfolios”

>

A4

RiskFrontier product documents can be downloaded via the Customer Support Web.

>

A4

Future RiskFrontier education via trainings and seminars conducted by Moody’s:
— RiskFrontier Methodology and Business Use Training (2 days)
— Credit Portfolio Models and Validation (2 days)
— New Research in Portfolio Modeling (1 day)

» Moody’s Conferences to interact with other MA clients of RiskFrontier:
— Portfolio User Group
—  MA Summit
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