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Introduction 3

• This presentation will address questions raised by regulators and interested 
parties in response to the Academy’s March 2 presentation to RBCIRE focused 
on sensitivities to the choice of 4% tranche thickness as a cutoff point and on 
the distribution of risk within the tail

• Additional information on these points is provided 

• Work is ongoing to provide thorough model documentation across the full 
model, in addition to the data and analytics provided herein

https://actuary.org/resources/c1-subcommittee-presents-on-clos/
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Regression Results—Interpretation 4

• C1 factors are regressed against

- Security rating

- Reinvestment horizon 
(number of years until 
reinvestments end)

- Reinvestment horizon ×
rating bucket 

- Indicator for low-quality 
(Baa3/below) and low-
thickness (≤4%)

Baa3 
Coefficient

Average 
Reinvestment 
Horizon (yrs)

Reinvestment 
Coefficient

Bucket 5 
Reinvestment 

Interaction

Low Quality1 / 
Low Thickness2

Premium
MODELED C-1

• Example: Baa3 security with tranche thickness ≤ 4% has a factor:

−1.735% + 2.395 × −1.115% + 2.977% + 9.795% = 12.52%

• The rating buckets for the 
interaction terms—chosen to 
increase credibility—are:

1. AAA

2. Aa1 / Aa2

3. Aa3 / A1 / A2

4. A3 / Baa1 / Baa2

5. Baa3 / Ba1 / Ba2

6. Ba3 / B1 / B2

Security 
rating

Interaction
terms

Reinv horizon

Quality and 
thickness
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Thickness Concentrations, by Rating 5

• Baa3 concentrates around 6% thickness with a second peak at 1.9%

• Baa3 has no observations with thickness in the range [3.68%, 4.29%]

• The Academy heuristically chose 4% as the cut off between “low thickness” and “high 
thickness” to divide these two types of Baa3 tranches. Ba3 has peaks at 4%, 3% and 3.5% 
with smaller peaks at 4.5% and 2.5%

• Setting the thickness cut-off at 4% interrupts the 4% peak that’s observed in ratings Ba1, 
Ba2, Ba3, B1 and B2

• In the following pages, kernel density estimates are shown to help visualize the 
distribution of tranche thicknesses for each rating—these charts translate discrete data 
into estimates of a smooth distribution of multiple overlapping normal distributions 
centered around clusters of observed tranche thickness
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Kernel Density Estimation—Baa1/Baa2 6
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Kernel Density Estimation—Baa3/Ba1 7
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Kernel Density Estimation—Ba2/Ba3 8
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Kernel Density Estimation—B1/B2 9
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Kernel Density Estimation—B3/Caa1 10
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Kernel Density Estimation—Caa2/Caa3 11
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Thickness Concentrations, by Rating 12

• Increasing the cut-off to >4.25% may reduce thick Baa3 charges by 39 basis 
points (bps) but increase the thin tranche charge by 153 bps

• The 4% cut-off has been selected based on observing the distribution of 
tranche thickness for Baa3 (insurance holdings of Baa3 and below are 
concentrated in Baa3), but a slightly higher cut-off point may be appropriate 
if the lower-rated tranches were also considered when choosing the cut-off

• For illustrative purposes, the Academy shows 4.25% as an alternative cutoff 
for thickness as it is:

1. The mid point of 4% and 4.5% (two peaks in Ba3 tranches)
2. In the range [3.68%, 4.29%], where there are no Baa3 observations
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Regression Results—4% Thickness Cutoff 13

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Aaa 0.03%

Aa1 0.04%

Aa2 0.04%

Aa3 0.04%

A1 0.14%

A2 0.14%

A3 1.45%

Baa1 1.81%

Baa2 2.70%

Baa3 2.73% 12.52%

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Ba1 12.59% 22.39%

Ba2 20.93% 30.72%

Ba3 23.28% 33.08%

B1 26.04% 35.84%

B2 35.20% 44.99%

B3 47.32% 57.12%

Caa1 48.12% 57.92%

Caa2 55.20% 64.99%

Caa3 70.82% 80.61%

Implied Factors
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Regression Results—4.25% Thickness Cutoff 14

Rating
Modeled C-1

Thickness > 
4.25%

Thickness ≤ 
4.25%

Aaa 0.03%

Aa1 0.04%

Aa2 0.04%

Aa3 0.04%

A1 0.14%

A2 0.14%

A3 1.45%

Baa1 1.81%

Baa2 2.34%

Baa3 2.34% 14.05%

Rating
Modeled C-1

Thickness > 
4.25%

Thickness ≤ 
4.25%

Ba1 10.75% 22.54%

Ba2 19.10% 30.89%

Ba3 20.16% 31.94%

B1 25.47% 37.26%

B2 34.11% 45.90%

B3 45.43% 57.21%

Caa1 45.62% 57.40%

Caa2 53.04% 64.82%

Caa3 69.45% 81.24%

Implied Factors
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Interaction Terms for Reinvestment Horizon 15

• A3 has a lower average reinvestment horizon than the full universe (0.55 years 
vs. 2.40 years), leading to a lower C1 factor than adjacent ratings

• When regressing against reinvestment horizon, we need interaction terms 
(with rating) to account for the non-linear impact of horizon (greater impact 
on lower ratings)

• If A3 is grouped with Baa1/Baa2 for interaction terms, its C1 factor is 1.45%

• If A3 is grouped with Aa3/A1/A2 for interaction terms, its C1 factor is 0.16%

• The outlier reinvestment horizon and poor credibility for A3 makes its C1 
factor sensitive to model assumptions and setup
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Regression Results—A3 with Baa1/Baa2 16

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Aaa 0.03%

Aa1 0.04%

Aa2 0.04%

Aa3 0.04%

A1 0.14%

A2 0.14%

A3 1.45%

Baa1 1.81%

Baa2 2.70%

Baa3 2.73% 12.52%

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Ba1 12.59% 22.39%

Ba2 20.93% 30.72%

Ba3 23.28% 33.08%

B1 26.04% 35.84%

B2 35.20% 44.99%

B3 47.32% 57.12%

Caa1 48.12% 57.92%

Caa2 55.20% 64.99%

Caa3 70.82% 80.61%

Implied Factors
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Regression Results—A3 with Aa3/A1/A2 17

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Aaa 0.03%

Aa1 0.04%

Aa2 0.04%

Aa3 0.04%

A1 0.14%

A2 0.14%

A3 0.16%

Baa1 1.81%

Baa2 2.70%

Baa3 2.73% 12.52%

Rating
Modeled C-1

Thickness > 4% Thickness ≤ 4%

Ba1 12.59% 22.39%

Ba2 20.93% 30.72%

Ba3 23.28% 33.08%

B1 26.04% 35.84%

B2 35.20% 44.99%

B3 47.32% 57.12%

Caa1 48.12% 57.92%

Caa2 55.20% 64.99%

Caa3 70.82% 80.61%

Implied Factors
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Value-at-Risk Analysis, by Rating and Percentile 18

• The Academy observes that most A/above CLOs do not experience losses until 
past the 99th percentile

• Baa CLOs, with thickness > 4%, have average C1 factors <1% (less than Baa 
bond factors) until the 99th percentile

• All below-IG ratings experience losses at the 90th percentile
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Dataset Summary 19

Rating Count Total Balance Average Balance
Aaa 3,701 536,990,530,454 145,093,361
Aa1 297 12,977,362,056 43,694,822
Aa2 1,879 87,971,730,271 46,818,377
Aa3 68 1,892,554,504 27,831,684
A1 246 6,464,462,500 26,278,303
A2 1,642 43,609,160,095 26,558,563
A3 41 1,161,995,000 28,341,341
Baa1 168 3,962,136,650 23,584,147
Baa2 356 8,114,555,000 22,793,694
Baa3 1,980 43,986,588,439 22,215,449
Ba1 118 1,940,755,600 16,447,081
Ba2 79 1,412,324,566 17,877,526
Ba3 1,642 29,832,733,348 18,168,534
B1 154 3,261,262,126 21,177,027
B2 26 422,194,200 16,238,238
B3 330 1,729,679,579 5,241,453
Caa1 50 570,093,651 11,401,873
Caa2 51 479,412,947 9,400,254
Caa3 58 860,837,767 14,842,030

68.18%
1.65%

11.17%
0.24%
0.82%

5.54%
0.15%
0.50%
1.03%

5.58%
0.25%
0.18%

3.79%
0.41%
0.05%
0.22%
0.07%
0.06%
0.11%

0 200 400 600

Aaa
Aa1
Aa2
Aa3
A1
A2
A3

Baa1
Baa2
Baa3
Ba1
Ba2
Ba3
B1
B2
B3

Caa1
Caa2
Caa3

Billions

Total Balance
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Value-at-Risk, by Rating and Percentile 20
Rating CTE90 VAR_70 VAR_90 VAR_91 VAR_92 VAR_93 VAR_94 VAR_95 VAR_96 VAR_97 VAR_98 VAR_98.5 VAR_99 VAR_99.25 VAR_99.5 VAR_99.75 VAR_99.9 VAR_99.95 VAR_99.99

Aaa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0%

Aa1 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3%

Aa2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Aa3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

A1 0.4% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.4% 0.4% 0.4% 4.7% 0.6% 4.3%

A2 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.5% 6.2% 0.8% 9.2%

A3 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.8% 0.0% 0.6% 1.8% 1.5% 1.7% 2.1%

Baa1 1.6% 0.0% 0.3% 1.3% 0.0% 0.0% 0.1% 0.0% 0.6% 0.2% 0.9% 0.5% 3.6% 4.9% 1.4% 19.1% 34.3% 21.6% 42.9%

Baa2 3.0% 0.2% 1.2% 3.5% 0.3% 0.2% 0.4% 0.3% 2.2% 0.8% 3.6% 1.4% 7.1% 13.0% 2.7% 24.2% 46.2% 28.9% 50.8%

Baa3 5.9% 0.2% 3.8% 10.3% 0.1% 0.1% 1.3% 0.1% 7.3% 2.6% 7.5% 4.0% 15.7% 21.6% 6.0% 35.0% 50.9% 45.3% 63.0%

Ba1 20.7% 4.1% 18.1% 33.6% 1.0% 0.5% 14.8% 1.4% 28.9% 20.7% 29.6% 23.9% 47.6% 55.2% 34.2% 59.6% 63.7% 68.1% 70.4%

Ba2 27.4% 8.8% 28.4% 33.2% 3.3% 2.5% 24.9% 8.9% 40.0% 28.8% 42.8% 37.4% 52.0% 55.7% 50.7% 59.5% 59.1% 68.1% 66.0%

Ba3 28.9% 8.4% 33.0% 27.6% 6.3% 7.0% 26.0% 12.0% 33.5% 33.6% 43.1% 41.2% 56.6% 63.4% 56.1% 71.5% 70.5% 77.6% 78.2%

B1 17.3% 3.7% 11.3% 4.9% 10.8% 16.4% 12.3% 20.6% 8.9% 22.6% 20.1% 20.3% 28.0% 26.6% 44.9% 49.4% 45.4% 63.6% 61.0%

B2 30.8% 17.6% 28.5% 18.7% 20.8% 26.3% 30.2% 30.8% 23.4% 38.1% 35.8% 35.2% 44.7% 39.3% 52.7% 56.0% 54.3% 64.3% 66.7%

B3 56.4% 34.9% 61.2% 54.0% 31.5% 37.9% 61.8% 38.3% 64.3% 67.1% 70.8% 70.9% 79.0% 76.8% 77.3% 77.2% 72.3% 80.4% 80.6%

Caa1 57.6% 9.4% 43.8% 30.9% 58.6% 67.1% 58.2% 62.5% 45.7% 60.0% 64.1% 60.6% 74.2% 70.2% 75.9% 76.3% 62.8% 77.6% 78.3%

Caa2 66.5% 19.5% 50.0% 41.6% 68.8% 75.6% 67.4% 74.3% 56.3% 64.7% 74.1% 70.7% 80.0% 77.3% 80.2% 82.3% 65.8% 80.3% 81.6%

Caa3 77.3% 55.2% 67.6% 67.0% 81.9% 80.4% 78.3% 81.0% 73.7% 76.5% 78.1% 78.3% 82.3% 82.2% 83.7% 83.9% 74.9% 85.3% 86.1%
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Value-at-Risk, by Rating and Percentile—Thickness > 4% 21
Rating CTE90 VAR_70 VAR_90 VAR_91 VAR_92 VAR_93 VAR_94 VAR_95 VAR_96 VAR_97 VAR_98 VAR_98.5 VAR_99 VAR_99.25 VAR_99.5 VAR_99.75 VAR_99.9 VAR_99.95 VAR_99.99

Aaa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Aa1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Aa2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Aa3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

A1 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 3.9% 0.3% 4.2%

A2 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.4% 5.8% 0.7% 8.9%

A3 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.8% 0.0% 0.6% 1.9% 1.5% 1.8% 1.8%

Baa1 1.3% 0.0% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.5% 0.3% 2.5% 3.7% 1.3% 18.0% 33.5% 19.0% 40.8%

Baa2 2.7% 0.0% 1.0% 3.1% 0.0% 0.0% 0.1% 0.0% 1.9% 0.6% 3.5% 1.3% 6.6% 12.4% 2.5% 22.9% 45.3% 27.7% 49.7%

Baa3 2.3% 0.0% 0.6% 1.8% 0.0% 0.0% 0.2% 0.0% 1.8% 0.4% 1.7% 1.1% 5.5% 10.6% 2.6% 22.4% 42.2% 35.2% 56.6%

Ba1 3.4% 0.0% 2.6% 2.0% 0.0% 0.0% 2.9% 1.1% 2.6% 1.4% 6.0% 8.2% 4.7% 11.0% 7.4% 19.1% 20.6% 27.2% 29.4%

Ba2 8.8% 1.7% 9.2% 3.0% 3.0% 2.4% 5.3% 8.3% 7.5% 9.3% 13.8% 14.8% 15.0% 17.9% 27.8% 28.8% 28.1% 42.4% 39.3%

Ba3 19.9% 2.4% 22.0% 6.7% 6.4% 7.1% 16.9% 12.7% 15.5% 23.7% 27.6% 32.6% 38.3% 46.1% 51.3% 63.7% 62.0% 72.0% 73.0%

B1 13.7% 0.2% 6.7% 0.7% 8.6% 15.1% 8.6% 17.5% 3.9% 18.2% 15.0% 15.6% 23.5% 21.8% 41.2% 46.3% 42.1% 61.5% 58.7%

B2 12.7% 1.9% 4.9% 0.6% 9.1% 14.8% 8.1% 15.2% 2.6% 17.3% 14.7% 11.5% 25.1% 16.2% 37.0% 43.1% 43.2% 54.1% 58.3%

B3 31.1% 9.8% 18.3% 14.1% 34.9% 37.8% 29.3% 41.7% 22.4% 21.3% 36.0% 34.7% 45.0% 32.2% 51.0% 57.5% 50.1% 56.5% 60.7%

Caa1 35.5% 8.6% 21.5% 22.6% 39.0% 43.2% 30.7% 37.7% 25.4% 35.2% 36.4% 35.5% 48.7% 47.9% 57.3% 57.7% 43.0% 63.0% 64.2%

Caa2 39.1% 22.0% 24.3% 34.8% 44.0% 50.4% 29.4% 44.8% 32.4% 32.9% 41.9% 33.8% 44.1% 42.8% 44.6% 56.6% 39.6% 49.5% 57.1%

Caa3 74.6% 58.6% 64.9% 67.9% 77.6% 76.4% 76.4% 77.7% 73.5% 73.0% 75.3% 74.5% 76.8% 76.5% 79.9% 80.0% 73.4% 81.7% 83.3%
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Value-at-Risk, by Rating and Percentile—Thickness ≤ 4% 22
Rating CTE90 VAR_70 VAR_90 VAR_91 VAR_92 VAR_93 VAR_94 VAR_95 VAR_96 VAR_97 VAR_98 VAR_98.5 VAR_99 VAR_99.25 VAR_99.5 VAR_99.75 VAR_99.9 VAR_99.95 VAR_99.99

Aaa 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%

Aa1 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1% 21.1%

Aa2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

A1 5.1% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 15.8% 5.0% 5.2%

A2 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.5% 31.3% 1.8% 27.0%

A3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 13.8%

Baa1 4.6% 0.0% 3.2% 7.2% 0.1% 0.0% 1.1% 0.0% 3.8% 2.4% 4.6% 2.2% 14.0% 16.1% 2.9% 30.1% 41.6% 46.3% 62.8%

Baa2 10.5% 6.1% 6.3% 14.5% 6.1% 6.1% 6.1% 6.1% 11.2% 6.1% 6.1% 6.1% 19.1% 28.0% 7.3% 54.7% 68.5% 58.0% 78.8%

Baa3 16.3% 0.7% 13.1% 34.6% 0.2% 0.2% 4.5% 0.3% 23.3% 8.9% 24.1% 12.4% 45.0% 53.0% 15.7% 71.1% 75.9% 74.4% 81.4%

Ba1 26.1% 5.4% 23.0% 43.4% 1.3% 0.6% 18.4% 1.5% 37.1% 26.7% 37.0% 28.8% 60.9% 68.9% 42.5% 72.2% 77.1% 80.8% 83.2%

Ba2 38.1% 12.9% 39.6% 50.8% 3.4% 2.5% 36.3% 9.2% 58.9% 40.1% 59.6% 50.6% 73.4% 77.7% 64.0% 77.3% 77.0% 83.1% 81.5%

Ba3 35.6% 12.9% 41.1% 43.1% 6.1% 6.9% 32.7% 11.4% 46.8% 40.9% 54.5% 47.5% 70.2% 76.2% 59.7% 77.3% 76.8% 81.7% 81.9%

B1 54.0% 38.5% 57.6% 47.0% 33.3% 29.6% 49.1% 52.2% 59.7% 66.7% 71.1% 67.3% 73.3% 74.2% 81.5% 80.8% 77.6% 83.8% 83.5%

B2 65.0% 47.2% 73.2% 52.8% 42.8% 48.0% 72.1% 60.3% 62.6% 77.4% 75.8% 80.0% 81.9% 83.0% 82.2% 80.6% 75.5% 83.5% 82.8%

B3 57.3% 35.8% 62.8% 55.5% 31.4% 37.9% 63.0% 38.1% 65.9% 68.8% 72.1% 72.3% 80.3% 78.5% 78.3% 77.9% 73.1% 81.3% 81.4%

Caa1 67.1% 9.7% 53.4% 34.4% 67.0% 77.4% 70.0% 73.2% 54.4% 70.6% 76.0% 71.4% 85.1% 79.7% 83.9% 84.3% 71.3% 83.9% 84.3%

Caa2 70.2% 19.2% 53.4% 42.5% 72.2% 78.9% 72.5% 78.3% 59.5% 69.0% 78.4% 75.6% 84.8% 81.9% 85.0% 85.8% 69.2% 84.4% 84.8%

Caa3 81.5% 50.1% 71.6% 65.7% 88.3% 86.4% 81.2% 86.0% 74.1% 81.8% 82.4% 84.0% 90.5% 91.1% 89.5% 89.9% 77.2% 90.6% 90.3%

Caa3 77.3% 55.2% 67.6% 67.0% 81.9% 80.4% 78.3% 81.0% 73.7% 76.5% 78.1% 78.3% 82.3% 82.2% 83.7% 83.9% 74.9% 85.3% 86.1%
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Questions?

For more information, please contact
Amanda Barry-Moilanen, 

the Academy’s Policy Project Manager, Life at 
barrymoilanen@actuary.org
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