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The Problem

RiskCalc™ generates accurate and forward-looking EDF™ (Expected Default
Frequency) measures for private companies.

» The Problem

When do changes with the credit cycle or financial statements of a private firm
warrant immediate attention?
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EWTK as a Solution

Five Risk Metrics Two Additional Signals
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EWTK as a Solution
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EWTK In Practice

» Company X manufactured kitchen cabinets and bathroom vanities in
Washington.

» Beginning in 2014, the company suffered from a significant decrease in sales
and, at the same time, a sharp increase in current liabilities.

» The company eventually defaulted in March 2017.

EWTK captured credit deterioration signals as early as April 2015
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EWTK In Practice

» Company X manufactured kitchen cabinets and bathroom vanities in
Washington.

» Beginning in 2014, the company suffered from a significant decrease in sales
and, at the same time, a sharp increase in current liabilities.

» The company eventually defaulted in March 2017.

EWTK captured credit deterioration signals as early as April 2015

» The company’s one-year EDF continued rising beginning 2014, ranking above
the 85th percentile among its peers before default.

» The company exhibited inverted term structure starting April 2015.

» The company’s EDF rose above trigger level in May 2016 after a significant
decrease in sales and net income.
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EDF Measure Soared with Deteriorating
Financial Conditions

Company X's EDF measure trended upward beginning in 2014, rising from
1.25% at the beginning of 2014 to 5.45% just before default.

Company X defaulted
in March 2017

]

= Annualized 1¥r EDF

= Annualized 5¥r EDF

= Trigger EDF Company X was triggered in May
2016, after sales decreased by 29.8%
and net income dropped below zero

Company X experienced inverted
term structure in April 2015, after
current liabilities increased by 389.5%
and cash decreased by 66.7% ™
™,

—_— - =

May/2014 Augl2014 Mow2014 Feb2015 May/2015 Augl2015 Now2015 Feb/2016 May/2016 Augi2016 Now 2016 Febv2017
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EDF Measure Rose above the 85th
Percentile of Peers Before Default

Company X's relative EDF (percentile ranking among its peers) measure rose
from the 60th percentile at the beginning of 2014 to above the 85th percentile just
before default.

Company X's EDF
fluctuated above 85t

100% 1 Company X's EDF jumped above g5th percentile before the firm
- percentile among its peers in July defaulted in March 2017

9% 2016, 9 months before defaults /

90% 9

Company X's EDF climbed up since
60% 1 2014 and rose above 75 percentile
among its peers in May 2016

Relative EDF (Percentile Rank)

B0

Maw/2014 Augl2014 Mow2014 Feb/2015  May/2015 Augl2015 Mow/2015 Feb/2018 May 20186 Aug/2016 Mow2018 Feb2017
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Steady Increase In Deterioration Propensity
Before Default

Company X'’s deterioration propensity increased from 15% at the beginning of
2014 to more than 20% just before default.

Company X’ Deterioration
propensity fluctuated around
20% before defaulting in
March 2017

/

Company X’s Deterioration
propensity trended up to 20%
in May 2016 i

Deterioration Probability
@
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EWTK Incorporates Four Additional Risk

Metrics Besides EDF Level

» RiskCalc generates accurate and forward-looking EDF (Expected Default

Frequency) measures. The higher the credit risk, the higher the EDF measure.

» In addition to RiskCalc EDF, we incorporate four other risk metrics that

complement EDF and help to identify at-risk names with similar EDF levels.

Relative EDF
Level

EDF Term
Structure

More stressed financial conditions
compared to peers signals higher
default risk in the region

Inverted term structure
implies higher systematic risk
at near tem

EDF Level

Relative EDF
Change

EDF
Change

Higher relative EDF change
indicates deteriorating financial
conditions compared to peers in

the same region

Higher EDF change signals
deteriorating financial conditions
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Relative EDF, EDF Change, Relative
EDF Change

» Relative EDF — EDF percentile ranking of the company relative to its
peers

— The higher the percentile, the higher the company’s credit risk compared to
its peers.

» EDF change
— Asharp increase in EDF measure signals deteriorating financial conditions.

» Relative EDF change

— Asharp increase in relative EDF signals deteriorating financial conditions
compared to the company’s peers.
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EDF Term Structure

RiskCalc produces annualized EDF measures from one-year to five-year
horizons.

» Short-term EDF vs. Long-term EDF Measures
— Short-term EDF fluctuates more compared to long-term EDF measure
— Short-term EDF captures more systematic risk in the market
— Long-term EDF reflects more firm-specific credit risk

» EDF Term structure

— We generally expect upward term structure, where annualized, long-term
EDF is higher than short-term EDF during expansionary periods, and
downward term structure during recessionary periods

— An inverted term structure, where short-term EDF surpasses long-term EDF,
indicates rising systematic risk in near-term
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Two Additional Signals

Trigger EDF and Deterioration Propensity

The Early Warning Toolkit helps enhance internal credit monitoring processes by
providing clients with two additional signals:

» Trigger EDF
At which EDF level, should we start managing down the exposure?

— EWTK computes Trigger EDF based on spread and LGD information to help
clients control for economic losses.

» Deterioration Propensity
How do we identify a borrower whose credit risk is important and increasing?

— EWTK aggregates five risk metrics into one additional Deterioration
Propensity signal to help clients identify at-risk names.
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Economic Value of a Trigger

Given a portfolio, if in average, the
expected income equals to the
expected loss - i.e.,

Spread * (1 — CDT) = LGD * CDT,

Then, we can show that the Optimal
Trigger is the one which maximizes
the “Excess Excluded Defaults.”

In this example, the optimal trigger
excludes 20% of the goods but 80% o
defaults — the excess defaults are
60%. Consequently, the trigger’s
economic benefitis LGD*CDT*0.6 per
dollar lent.

Defaults

For a $1 billion dollar portfolio with a
2% CDT and a 50% LGD, this results in
a savings of $6mm!

; Excludedﬁzz |

100% f— S —

| ExceSg
~ Excluded
Defaults

A

100%

Excluded
Goods

LGD is “Loss Given Default,” and CDT is the “Central Default Tendency,” which represents the average default rate of the portfolio.

MOODY'S ANALYTICS

Identifying At-Risk Firms in Your Private Firm Portfolio

20



Trigger EDF — Methodology

The Trigger EDF is the break-even risk level, where lenders may start from when
reviewing loan terms or managing exposure to avoid economic loss.

» Theory

Given spread and LGD, the maximum level of default risk (EDF) a lender can bear
satisfies:

Expected Income = Expected Loss
(1 — EDF) « Spread = EDF = LGD

This break-even EDF is the Trigger EDF.

» Properties
Within the toolkit, clients can either
— Input their own spread and LGD information
— Use prepopulated spread and LGD based on Moody’'s CRD database
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Trigger EDF — Example

Bank X issues a 20-year term loan in 2006 with a 2.7% spread over the five-year
LIBOR to a retail firm in mountain states. The spread rate remains the same
since origination.

20%
18% = Trigger EDF
16%
14%
12%
10%
Under the assumption of LGD = 45%,
8% Trigger EDF= 5.7%
6%

4%
2%

O% r T T T
4/1/2006 4/1/2007 4/1/2008 4/1/2009
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Trigger EDF — Example

Bank X issues a 20-year term loan in 2006 with a 2.7% spread over the five-year
LIBOR to a retail firm in mountain states. The spread rate remains the same

since origination.

20%

16%
14%
12%
10%

6%

The firm defaulted

4%
2%

0%

in July 2009
18% e CCA EDF ====Trigger EDF
Under the assumption of LGD = 45%, CCA EDF surpassed Trigger
8% Trigger EDF= 5.7% EDF by the end of 2008
CCA EDF kept rising after the
loan is originated
4/1/2007 4/1/2008 4/1/2009

4/1/2006
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Deterioration Propensity — Methodology

» Objective

An additional signal aggregating information in five risk metrics
» Challenges

— The additional signal is designed to remain consistent with the deterioration
probability measure in the public EWTK, which predicts downgrade events
of rated firms.

— Private firms are usually not rated.
— The lack of rating history eventually reduces model power for private firms.
— EWTK risk metrics are all EDF related, thus correlated.

» Solution

— Construct a sample of rated firms worldwide and compute EWTK risk
metrics.

— Apply PCA analysis on the sample and extract first principal component.
— Estimate a logistical model for downgrade events with first PC.
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Deterioration Propensity — Development

» Data Description
Development population is Moody’s rated companies from various countries.

# Unique # Unique # Downgrade

. # Observations Time Period
Countries Borrowers Events
65 4,488 39,391 5,446 1989 - 2014
. Empirical Frequency of Downgrade Events by Initial Rating
Empirical Frequency of Downgrade Events by Downgraded Year 20% 1
20% 1 T - ]
—] - - ] . - - ___
z 15% ] ] é“ ] — 1
c — @ —
3 B - z
g ] N g —
= L ] 10% —
_ 11
H
8 8 5%
i} 0%
19‘89 19’94 1§’EH 90‘[)4 ?G‘DQ ?G“M Aaa Aal Aa2 Aa3d A1 A2 A3 BaalBaa2Baa3 Bal Ba2 Ba3 B1 B2 B3 CaalCaa2Caa3
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Deterioration Propensity — Development

» Development Results

— PCA analysis shows that 1) EWTK risk metrics are highly correlated, and 2)
more than 50% of data variance is explained by first PC.

— Logistical Regression on PCs shows that only the first PC has a significant
impact on downgrade probability.

— Model AR is 23.25%, which is relatively low, as expected.

Variables factor map (PCA) Deterioration Probability Distribution
7.62 % | | I
@ |
o .
© ! Relative EDF Change
S | EDF Clange
= - i
T © N ‘EDF Term Structure 5.08 %
g o | ‘
— o
™
E o | L e ____]
0 (=]
— 2.54
S | Relative EDF EDF
T i T T
0.5 0.0 05 10
0 %
D|m1(5516%’} b:‘f, 10‘% 1'::”:5 ZUY”A- ZbY”fu 30‘% 3&;’,& 40"?& 45“)& :UY”A- bé% ﬁd”-h

Deterioration Probability
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Deterioration Propensity — Example

Company X, an Austrian energy company, downgraded multiple times since
2008 due to deteriorating financial condition.

Deterioration propensity peaked one year before downgrade events occurred.

25.0%

Al
20.0%
A2 -
15.0%
A3
10.0% Baal
¥

5.0%

Rating

Deterioration propensity

Baa2

O-O% T T T T T T T T 1
4/30/2008  4/30/2009  4/30/2010  4/30/2011  4/30/2012  4/30/2013  4/30/2014  4/30/2015  4/30/2016
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Conclusions

RiskCalc generates accurate and forward-looking EDF (Expected Default
Frequency) measures for private companies.

The Early Warning Toolkit leverages RiskCalc results and helps clients identify at-
risk names by providing:

» Five risk metrics: EDF, Relative EDF, EDF change, Relative EDF change, and
EDF term structure

» Two additional signals: EDF Trigger and Deterioration Propensity
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subsidiary of Moody's Group Japan G.K., which is wholly-owned by Moody’s Overseas Holdings Inc., a
wholly-owned subsidiary of MCO. Moody’s SF Japan K.K. (“MSFJ”) is a wholly-owned credit rating agency
subsidiary of MJKK. MSFJ is not a Nationally Recognized Statistical Rating Organization (‘“NRSRO”).
Therefore, credit ratings assigned by MSFJ are Non-NRSRO Credit Ratings. Non-NRSRO Credit Ratings are
assigned by an entity that is not a NRSRO and, consequently, the rated obligation will not qualify for certain
types of treatment under U.S. laws. MJKK and MSFJ are credit rating agencies registered with the

Japan Financial Services Agency and their registration numbers are FSA Commissioner (Ratings) No. 2

and 3 respectively.

MJIKK or MSFJ (as applicable) hereby disclose that most issuers of debt securities (including corporate and
municipal bonds, debentures, notes and commercial paper) and preferred stock rated by MJKK or MSFJ (as
applicable) have, prior to assignment of any rating, agreed to pay to MJKK or MSFJ (as applicable) for
appraisal and rating services rendered by it fees ranging from JPY200,000 to approximately
JPY350,000,000.

MJKK and MSFJ also maintain policies and procedures to address Japanese regulatory requirements.

Identifying At-Risk Firms in Your Private Firm Portfolio 32



