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The question

How much useful information about ranges of 
reasonable estimates can we expect from 
stochastic models?
Some challenges:
– Basis of presentation: ranges vs distributions
– Process risk
– Limitations inherent to triangle-based models
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Basis of presentation

Typical output from a stochastic model
What does it tell you?
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Do the numbers help?
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Merchants Insurance Group Excluding Merchants National Insurance Company
Voluntary Commercial Auto Liability Bodily Injury

Evaluated as of June 30, 2018
ODP Bootstrap Unpaid – Incurred Chain Ladder

Accident
Year Mean Standard Error

Coefficient of 
Variation 50.0 % 75.0 % 80.0 % 85.0 % 90.0 % 95.0 %

2006 7,302 21,935 300.4 % 151 4,868 8,169 14,044 24,083 44,585
2007 19,421 37,473 192.9 % 5,504 24,697 32,786 43,998 61,707 93,008
2008 40,033 53,155 132.8 % 23,279 58,967 70,893 86,517 107,257 146,151
2009 169,030 284,347 168.2 % 65,723 199,793 254,152 338,368 466,899 737,248
2010 454,862 446,329 98.1 % 320,793 635,764 737,467 858,594 1,050,694 1,365,242
2011 1,247,454 787,387 63.1 % 1,100,107 1,670,090 1,832,348 2,038,147 2,308,719 2,761,192
2012 1,488,931 812,457 54.6 % 1,360,511 1,955,370 2,111,773 2,304,084 2,587,304 3,019,966
2013 2,898,398 1,084,593 37.4 % 2,783,899 3,553,230 3,760,236 4,019,119 4,343,014 4,856,662
2014 3,530,919 1,255,429 35.6 % 3,417,367 4,299,695 4,549,294 4,825,678 5,161,872 5,754,013
2015 7,473,614 1,587,920 21.2 % 7,379,245 8,495,045 8,771,635 9,091,190 9,542,340 10,226,083
2016 8,747,476 1,934,737 22.1 % 8,613,013 9,963,240 10,302,622 10,741,516 11,286,008 12,128,671
2017 14,715,794 3,294,055 22.4 % 14,506,959 16,662,949 17,233,109 17,946,488 18,994,230 20,483,899
2018 5,071,449 2,781,817 54.9 % 4,833,508 6,612,359 7,116,659 7,735,622 8,588,143 10,016,619
Total 45,864,700 5,704,024 12.4 % 45,662,075 49,559,617 50,559,023 51,703,136 53,250,034 55,539,776

Company
Line of Business

Evaluated as of June 30, 2018
ODP Bootstrap Unpaid – Incurred Chain Ladder

Accident
Year Mean

Standard 
Error

Coefficient of 
Variation 50.0 % 75.0 % 80.0 % 85.0 % 90.0 % 95.0 %

2006 7 22 300.4 % 0 5 8 14 24 45
2007 19 37 192.9 % 6 25 33 44 62 93
2008 40 53 132.8 % 23 59 71 87 107 146
2009 169 284 168.2 % 66 200 254 338 467 737
2010 455 446 98.1 % 321 636 737 859 1,051 1,365
2011 1,247 787 63.1 % 1,100 1,670 1,832 2,038 2,309 2,761
2012 1,489 812 54.6 % 1,361 1,955 2,112 2,304 2,587 3,020
2013 2,898 1,085 37.4 % 2,784 3,553 3,760 4,019 4,343 4,857
2014 3,531 1,255 35.6 % 3,417 4,300 4,549 4,826 5,162 5,754
2015 7,474 1,588 21.2 % 7,379 8,495 8,772 9,091 9,542 10,226
2016 8,747 1,935 22.1 % 8,613 9,963 10,303 10,742 11,286 12,129
2017 14,716 3,294 22.4 % 14,507 16,663 17,233 17,946 18,994 20,484
2018 5,071 2,782 54.9 % 4,834 6,612 7,117 7,736 8,588 10,017
Total 45,865 5,704 12.4 % 45,662 49,560 50,559 51,703 53,250 55,540



Process risk

How well do you understand the workings of 
your model?
How does it treat process risk?
Can you control the treatment?
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Limitations of triangle data
Evaluated as of June 30, 2018
Incurred Loss - Incremental

Accident
Year 6 18 30 42 54 66 78 90 102 114 126 138 150 162 174 186
2003 881 3,401 1,405 561 (12) 130 (3) 1 0 0 (19) 0 0 0 0 0 
2004 865 3,694 1,237 500 973 (146) (40) 180 (61) (3) 0 0 0 0 0 
2005 1,233 2,769 1,396 429 546 (201) 236 0 4 (35) 1 0 49 0 
2006 1,537 3,815 2,149 705 355 (406) (52) 333 285 0 2 0 0 
2007 1,326 3,683 3,022 1,432 1,033 973 2,548 120 14 (55) (244) 0 
2008 2,162 5,364 2,855 3,218 1,790 1,161 25 235 352 (1) (4)
2009 1,575 6,118 2,460 1,384 1,426 (89) 187 (736) 740 (316)
2010 1,528 8,294 3,638 1,710 693 332 82 279 571 
2011 1,308 8,957 7,346 4,139 1,409 1,083 (23) 446 
2012 1,885 8,495 4,590 2,346 935 648 (73)
2013 2,857 6,507 5,324 2,839 2,451 1,730 
2014 1,664 5,152 3,758 2,952 406 
2015 2,619 7,708 3,392 2,247 
2016 1,709 4,921 3,019 
2017 1,818 6,625 
2018 1,175 
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Should we expect to 
see an event like this 
from 66 to 78 months 
once every 10 years?

Do we think 
there is chance 
of development 
from 126 to 133 
months?

May or may not be material depending on what model you are 
using, how careful you are, and the intended use of your 
estimates.



More tricky triangles
Evaluated as of December 31, 2017

Incurred Loss - Incremental
Accident

Year 12 24 36 48 60 72 84 96 108 120 132 144 156 168
12-1998 1,475 870 20 (1) 0 0 0 0 0 0 0 0 0 0 
12-1999 1,500 2 (0) 236 (68) (0) 0 0 0 0 0 (0) 0 0 
12-2000 0 1,500 (0) 0 0 0 0 (0) 0 0 0 0 0 0 
12-2001 1,450 250 650 3,144 1,582 (220) 129 170 18 (0) 0 0 (0) 0 
12-2002 1,450 2,304 809 300 (14) 767 (204) 96 (0) 400 500 500 0 0 
12-2003 250 350 600 551 2,399 2,151 (800) (0) (13) 0 0 0 200 (200)
12-2004 200 (0) 610 1,386 2,749 (100) 500 219 (350) 0 0 0 0 0 
12-2005 1,150 925 1,329 164 1,432 1,000 359 (413) 200 714 21 500 0 
12-2006 350 4,414 (860) (369) 696 (20) 0 0 0 0 0 0 
12-2007 340 424 572 1,460 2,039 1,556 (500) 252 0 0 0 
12-2008 236 982 1,145 630 501 1,051 0 200 1,300 0 
12-2009 8 100 8 2,496 1,996 0 0 100 145 
12-2010 4 3,140 992 4 0 1,096 (9) 0 
12-2011 870 1,472 4,655 2,162 2,096 430 489 
12-2012 216 (200) 1,492 496 396 893 
12-2013 136 2,986 1,551 683 0 
12-2014 120 2,028 1,051 1,658 
12-2015 62 1,265 4,833 
12-2016 12 0 
12-2017 504 7



The bottom line

A range of reasonable estimates is a 
statement about the potential impact of 
actuarial judgment
Many stochastic models are designed to 
produce statistical indications that are 
blind to actuarial judgment
Bayesian approaches are the obvious way 
to bridge this gap
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Model design considerations

Clear link between prior distributions and 
actuarial judgment
Prior distributions should account for as 
many sources of risk as possible
– Process risk as observed in the data
– Reliance on industry benchmarks
– Systemic risk factors not easily quantifiable 

based on the data or the benchmarks
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Illustrative example

Two prior distributions:
– A priori expected loss ratios
– Paid loss development patterns

Commercial auto liability
Rigorous use of publicly available industry 
data
Potentially tempered by judgment or to fit 
the intended purpose
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A priori loss ratios: data

Schedule P 
– Net earned premium
– Net ultimate loss & ALAE
– Accident years 1989-1998
– Annual Statement years 1998-2007
– Why so stale?

167 companies 
– At least $100K NEP in each year
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A priori loss ratios: 
assumptions

Each company has a constant expected 
loss ratio, :

Each company has a fixed process risk 
parameter, 

Parameters differ between companies
Reasonable?
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Average loss ratios
Let’s use method of moments to select a lognormal a priori
Maybe even a range of reasonable estimates already?
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Process risk parameter
Pareto perhaps?

14



Process risk vs loss ratio
Possible dependence structure?
Joint distribution or copula?
Is it material?
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Payment pattern: data

Schedule P Part 3
– Same companies
– Same years

But how do we parse it?
– Development factors?
– Incremental percentage of ultimate?
– Incremental percentage of reserves?
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A priori payment pattern: 
assumptions

At development period , each company 
has an parameter with:

With an associated fixed process risk 
parameter,

Parameters differ between companies
Reasonable?  Central Limit Theorem?
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Expected average paid
Is this what you expected?
What about a tail factor?
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Questions and 
Discussion


