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Assets MF;',’Q"," F Cost of Capital approach
J Initial Data A
Discounes - Technical iy The “Parameterized Model” can be any stochastic model,
eanct i - L
Urpad Market consistentapeey Best Estimate so these concepts can be extended to other models!
aims
| ODP Bootstrap Model is illustrated in these graphs.
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Should also “welght models and “shift” to reconcile with your
deterministic “best estimate”. Output is converted to distribution of
paid cash flow (p,,) reconciled to your ultimate “best estimate”.

Many models are based on paid data only. Should also use
incurred data to reflect information in case reserves.

Many models only use chain ladder methodology. Should also

Finally, must aggregate LOB data into a consolidated corporate
use Bornhuetter-Ferguson, Cape Cod, etc. methodologies.

result, even though these graphs are for one LOB.
5 Bootstrap Model (Ultimate time horizon at time t=0) "ll-l 6 Bootstrap Model (Ultimate time horizon at time t=0) !.Ii'-l
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BE, = Best Estimate at time 0 for an “ultimate” time horizon

BE, = avg. of incremental payments for all iterations (i.e., E[p;.]) Iterations can be split into parts, p; and p,, (still at t=0)
(i.e., this is the “weighted-shifted” mean which matches the “best estimate”)

9 Bootstrap Model (Ultimate time horizon at time t=0) * i Miman 10 Bootstrap M odel (Ultimate time horizon at t=0), split into parts | ilirmam

Short-term (One Year) Reservmg Risk Short-term (One Year) Reserving Risk
Possible imate o Proce: Possible Possib!
Simiion Oueomes Promeers Eimes Kok Oueomes  Oueom
Mean = BE;! + = Mean = BE,
Model 99.5%
Distribution of Possible Outcomes (p,) Distribution of Possible Outcomes (p,.) Distribution of Possible Outcomes (p;.)
: . . . —_— —_— —
. N M . VaR, VaR,, VeR,,
Initial Data V A =~ / A = Some level of correlation (independence)
- i.e., “+”is not technically correct for graphs (mean is OK)
J = Note, BE,' + BE,?>* = BE, and usually, VaR, + VaR,, > VaR,*
l i = But, VaR, < VaR,, (perhaps significantly less)
= BE,' = E[p,] and BEy?* = E[p,.]
LY ey * Sub-additivity of VaR can be a problem, but should normally not be an issue.
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One Year Risk starts with the first diagonal

13 Bootstrap Model, 1-Year Risk (Process Option) i N
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And get conditional “point estimates” (i.e., BE%*), given each
possible outcome of the sample triangle and p,

Possible Re-Parameterize Poin
Outcomes \[()dd

Then we can combine the “parts”, p, and BE2* .

15 Bootstrap Model, 1-Year Risk (Process Option) * i Miman
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Short-term (One Year) Reserving Risk

Mean = E[p, + BE,*]

Distribution of Possible Outcomes (p;) *
Point Estimates (BE")

This results in a combined distribution of the outcomes of p, and
each associated “point estimate” BE?* (i.e., they are correlated).

We can then compare this to the original distribution.
= In general, E[p, + BE;?>'] # BE,

(In theory, they could be equal for symmetrical distributions)

17 Bootstrap Model, 1-Year Risk (Process Option) * M Nisman
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For each outcome at time 1, we can re-parameterize (again)

14 Bootstrap Model, 1-Year Risk (Process Option) ENNITan
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Short-term (One Year) Reserving Risk

Mean = E[p, + BE,>]

Distribution of Possible Outcomes (py) +
Point Estimates (BE ")

Mean = BE, = Elp,.]
/ \,‘___

Distribution of Pdskible Outcomes (p;.)

n

e

VaRggs[(p, + BE,*) — BE]
=VaRgos[ps + BE, ] + (E[p; + BE*] - E[p,])

18 Bootstrap Model, 1-Year Risk (Process Option) * M Nirsan
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Alternatively, most models will allow the “direct” simulation of the
first diagonal (e.g., with Bootstrap sample residuals)

Assuming the possible outcomes are consistent,
this will speed up the processing time

19 Bootstrap Model, 1-Year Risk (Residual Option) i N
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21 Bootstrap Model, 1-Year Risk (Residual Option)

mes Model stimates
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Short-term (One Year) Reserving Risk

Mean = E[p, + BE,*]

Distribution of Possible Outcomes (p;) +
Point Estimates (BE ")

Mean = BE, = E[p,.]

N

Distribution of 1)

Fn
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VaRggs[(py + BE,*") - BEo]
=VaRggs[py + BE,*] + (Elp, + BE*] - Elpi.])

28 Bootstrap Model, 1-Year Risk (Residual Option) " il irran
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Short-term (One Year) Reserving Risk
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The re-parameterized model still results in a “point estimate” for
each iteration, which can be combined with the first diagonal.

Again, we can combine the “parts”, p; and BE%*.

20 Bootstrap Model, 1-Year Risk (Residual Option) * MNiman
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Short-term (One Year) Reserving Risk

Mean = E[p, + BE,*]

99.5%

Distribution of Possible Outcomes (p;) +
Point Estimates (BE %)

This also results in a combined distribution of the outcomes of p,
and each associated “point estimate” (i.e., they are correlated).

We can then compare this to the original distribution.

In general, E[p, + BE,?*] # BE,

22 Bootstrap Model, 1-Year Risk (Residual Option) Eli M irngsn

Short-term (One Year) Reserving Risk

Possible Mmu

Possible Re-Parameterize  Possible

Simulation

Parameterized
Model

Initial Data

Skewness in the data can affect the “point estimates”

A more robust solution is to simulate possible outcomes for each
“sample trapezoid” given the outcome for that iteration (p,.|p;)

24 Bootstrap Model, 1-Year Risk (Possible Outcomes Option) * M Nirman
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The “nested” possible outcomes average to “expected values”, /
or a more robust estimate of BE;?*.

After significantly more simulation (N2), we can
again combine the “parts”, p; and BE,2*.

Bootstrap Model, 1-Year Risk (Possible Outcomes Option) * M miman 2

By

Bootstrap Model, 1-Year Risk (Possible Outcomes Option) * EENiman
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Short-term (One Year) Reserving Risk Short-term (One Year) Reserving Risk

Mean = E[p, + BE,*] Mean = E[p, + BE,>]

99.5% 99.5%

Distribution of Possible Outcomes (p,) +
Expected Values (BE,?*

Distribution of Possible Outcomes (p;) +

Eroacied velves (BEr)
This results in a combined distribution of the outcomes of p, and ; SRR
each associated “expected value” (i.e., they are correlated). \
Again, we can compare this to the original distribution. Oistbuton of o
t_'_

VaRgs[(p; + BE,*) - BEq]
=VaRsgs[p, + BE"] + (E[D; +BE]-Elpy,])

= In general, E[p, + BE,?*] # BE, (Difference may be larger)

Bootstrap Model, 1-Year Risk (Possible Outcomes Option) " ESiliran
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Model Output Model Output

= Unpaid Claims (Ultimate Time Horizon)

= Process and Residual Algorithms
Estimated Unpaid - Best Estimate (Weighted)
L] - Coefficient of
One-Year = N Year or All v | e Tl e | e | s | o0 | 0w | won | e

2000 £ 789 %5.2% B 2707 ) EQ 1559
. « » 2001 s 155 85.3% 43 a8 s 02 1325 2us1
= |teration parameterS use “standard” results 2002 1,176 662 56.3% 4532 1,081 1522 2357 387
2003 3205 1,039 2.4% 669 8734 3,090 3809 5045 6543
2004 8377 1670 199% are  1am 8,260 9302 11192 13,808
1 1 H 1 2005 22,07 3101 14.0% 11,978 33,288 21,882 24,086 27,560 30,628
= Insuring apples-to-apples comparison (audit trail) = B smm 't om0 oo opwr  mms  reend
2007 138,876 11,104 81% G993 188430 1600 145060 157808 170959
2008 306604 42458 8% 20841 S0.777 201090 09013 403l 450348
Stoez2  srr.oss  74p9os sav.od

- N diagonals based on “standard” model (Process) 00 son  wa  mrw  sies  weiw s
Total 7,092,650 703,408 95% 872,930 1483,066 1,056,066 1.153,441 1,208,864 _1417,922)]

- Correlation based on “standard” model

- Shifting based on “standard” model

= New output tables
* Wil

" MENiman %

29
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= Cash Flow (Ultimate Time Horizon) = Unpaid Claim Runoff (Ultimate Time Horizon)
Estimated Cash Flow - Be:
oot =5
e oot iodn i T are  mm e o b ‘ Woh  een o mow e imse  mand
e o R+ e e m e o YR e W NSm e ns e see
o o R by Py Zo5d 4 i G oo gem o %o rum e
Tolal 002,650 103,408 95% 483,066 1056066 1153441 a7 522
= Ultimate (t=0) unpaid distribution, less successive
diagonals

. .

& L ] £ EWNIan

= Unpaid Claim Runoff (Ultimate Time Horizon) = Unpaid Claims (1-Year Time Horizon)
id Claim Runoff - Best Estimate (Wei Estimated Unpaid - Best Estimate, 1-Year Time Horizon, Process Algorithm (Weighted:
= o T
200 oo st Gre smon  wen oo ween  orow 201 o s s s s g e sod
205 Gt arm  die w0 s T e e am 201 s sy mrw amr e sy ami  row 1o
206 A At < R I 20 gt im0 e mwo  wsesr  1row e
= Ultimate (t=0) unpaid distribution, less successive
diagonals

= “Baseline” or proxy for CDR Runoff
w * Miliman a * MiNiman

I [
Model Output Model Output

= Claim Development Result (1-Year Time Horizon) = Unpaid Claims (2-Year Time Horizon)

Estimated Claim Development Result - Best Estimate, 1-Year Time Horizon, Process Algorithm (Weig Estimated Unpaid - Best Estimate, 2-Year Time Horizon, Process Algorithm (Weighted)
Coeficient of Coeficient of
Accident Yr Mean _|Standard Error| _variation | Minimum | Maximum 75.0% 95.0% 05% Acsident Yr Mean__|Standard Emor| _Variation | Minimum | Maximum | 50.0% 750% 95.0% 90.5%
2000 29 0.0% B 2404 GG 574 1279 2000 S %09 %.2% ES 2707 75 7 57 1559
4761 214 2001 533 455 85.3% 439 4,048 445 42 1,325 2,451
5.23 2002 1,176 639 54.4% 101 4817 1,003 1,500 2336 3,845
7349 2003 3205 1019 31.8% 905 8667 3111 3803 5000 6,586
9,142 2004 8.377 1,649 19.7% 3747 16,304 8260 9,384 11,101 13,887
12,193 2005 22,07 3,035 13.8% 11,976 32,974 21,908 24,042 27,307 30,219
18,071 2008 56,464 5477 9.4% 274 78,668 56,193 61,857 74,941
43958 2007 138,676 10,868 7.8% 98970 184213 138369 170,168
112,170 2008 306,604 33,762 0% 241898 500619 296270
380.428 2009 553,041 76,607 139% 382827 962437 52631
a7 Total 7,052,650 85,825 79% 880772 1487434 1,067,001

= The ultimate (t
simulated value

0) mean is subtracted from every

= Shifted so CDR mean = ultimate mean

3 " MENiman 3 " Miliman




= Claim Development Result (2-Year Time Horizon)
Estimated Claim Development Result - Best Estimate, 2-Year Time Horizon, Process Algorithm (Wei
ot of

Accident Yr Mean _|Standard Error 50.0% 750% 95,01 20.5%
2000 o 209 0.0% A 6 12
2001 0 455 8 209 7% 1,917
2002 o 639 a2 334 1,161 2669
2003 o 1019 04 508 1795 3381
2004 0 1,649 0.0% 4,630 8017 13 1,007 2724 5510
2005 o 3,035 00% 10004 10,003 163 1,971 5207 8,14
2006 0 5477 00% 7190 20224 27 3393 9,456 16.477]
2007 0 10,868 00% 39905 4533 507 6728 18714 31,202]
2008 o 33762 00% 64706 194016 10334 4353 70172 122,060
2009 0 76,607 0.0% 170,215 409,395 26,727 18,387 164,528 244,924|
Total 0 5,825 00% 211877 304784 25600 47606173507 276675

-
1/ L L]
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Model Output

= Claim Development Result Runoff

Estimated Claim Development Result Runoff - Best Estimate, 2-Year Time Horizon, Process Algorithn

Calendar Period
2010

2011

2012

2013

2014 ;

2015 S8 2206 817% Sses 12858 a7 2083 2309 678
2016 18 T4l e ae70 7074 7 1065 2660 4,394
2017 z w0 wmezn 214t 458 5 22 a8 2,009
2018 3 a8 -12007.9% 71 2509 S 198 e85 1554

-

£ L L]
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Model Output

= Claim Development Result Runoff

Estimated Claim Development Result Runoff - Best Estimate, All-Year Time Horizon, Process Algorithi|

Coeficient of
Calendar Period Mean _[Standard Error| _Variation | Minimum | Maximum 75.0% 95.0% 99.5%
2009 ] 65,407 0.0% 328,022 376,212 27,330 110,953 202,689 100.0%
2010 0 47477 00% 121,714 339,282 23,100 94,388 156,205 77.1%
2011 0 31,313 00% 117,137 254,109 14,591 62,074 103,168 50.9%
2012 0 17,743 00% 105,185 151,822 9,135 35,166 55,736 27.5%
2013 [ 9,659 00% 117,584 85,590 5210 17,560 28,669 14.1%
2014 0 5449 00%  -106,691 68,188 2,666 8446 15,005| 7.4%
2015 0 4,721 0.0% 94,159 149,532 1,867 4,920 9,465| a7%
2016 0 10,208 00% 479455 66,468 1,113 3,060 6,618 33%
2017 0 5773 00% 275477 20432 611 1779 4,001 20%
2018 0 0.0% 874 2197 216 759 1,410 07%

“ " MENiman
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Model Output

= Claim Development Result Runoff

Estimated Claim Development Result Runoff - Best Estimate, 1-Year Time Horizon, Process Algorithi
Coeficient of

Calendar Period Mean _[Standard Error| _Variation | Minimum | Maximum 50.0% 75.0% 95.0% 99.5%
2009 0 A 00% 1,328,022 376,212 7364 27,39 110,953 202,689
2010 0 43,388 0.0% 1,362,259 320,710 3,125 19,474 48,221 92,944}
2011 1,389 23215 16718% 675301 171,959 2,721 12,698 30,333 53,419
2012 2452 11813 4819% 289,217 89,790 2,837 8,763 18,986 29,99|
2013 1,952 6113 313.1% 97,801 39,476 1,889 5,661 11,304 18,555|
2014 981 3622 369.1% 42728 18,884 848 3,181 7,068 11,126|
2015 320 2,424 758.5% 45,737 14,376 120 1769 4491 7,306}
2016 70 1501 2289.5% 5,207 9,301 -107 940 2911 5,440)
2017 61 74 -16075% 4,022 6,490 19 428 1,790 3,273
2018 2 490 2304.0% 584 3744 154 185 917 2,157

= First row will match total CDR
= Sequential rows will remove cash flow diagonals

= For “All” option, each row is based on a different N
38 " eillirman

= Claim Development Result Runoff
Estimated Claim Development Result Runoff - Best Estimate, All-Year Time Horizon, Process Algorith
Coeficient of
Calendar Period Mean _|Standard Emor| _Variation
0 55,407 0.0%
2010 0 aram 0.0%
2011 0 31313 0.0%
2012 0 17743 0.0%
2013 0 9,859 0.0%
2014 0 5,449 0.0%
2015 0 4721 0.0%
2016 0 10,298 0.0%
2017 0 5773 0.0%
2018 0 40 0% 10]
0 * MiNian
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Technical Provisions

Free
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| Market Risk | Capital Capital
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Claims
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Technical Provisions

= Each possible outcome is discounted using a
term rate structure

= Risk Margin is based on Cost of Capital for
Runoff of CDR

= CDR also discounted using term rate structure

L L L]

.
Technical Provisions

Runoff Approximated Using Mean Estimate Runoff

Calendar CDR Runoff Cost of Discounted
Year Percentage CDR Runoff Capital * CoC
2009 100.0% 197,078 11,825 11,771
2010 61.3% 120,755 7,245 7,085
2011 33.8% 66,614 3,997 3,805
2012 17.4% 34,241 2,054 1,894
2013 8.2% 16,069 964 858
2014 3.8% 7,586 455 390
2015 2.1% 4,120 247 203
2016 1.3% 2,522 151 119
2017 0.8% 1,520 91 69
2018 0.4% 854 51 37

27,082 26,231

Technical Provision = 1,087,263

45 " WNiman
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Technical Provisions
Accident Mean Discounted 99.5% VaR Discounted

Year Estimate Mean CDR CDR
2000 303 302 59 59
2001 533 526 127 125
2002 1,176 1,152 249 244
2003 3,205 3,145 751 734
2004 8,377 8,209 1,909 1,866
2005 22,071 21,663 5,022 4,912
2006 58,464 57,302 13,540 13,229
2007 138,876 135,687 32,775 31,916
2008 306,604 298,272 49,072 47,915
2009 553,041 534,775 99,185 96,078
Total 1,092,650 1,061,032 202,689 197,078

“ " emNirean
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Technical Provisions

Runoff Using CDR Runoff, Constant Discount

Calendar CDR Runoff Cost of Discounted
Year Percentage CDR Runoff Capital * CoC
2009 100.0% 197,078 11,825 11,771
2010 75.6% 148,934 8,936 8,739
2011 48.6% 95,730 5,744 5,468
2012 25.4% 50,124 3,007 2,773
2013 12.6% 24,864 1,492 1,327
2014 6.3% 12,492 750 642
2015 3.8% 7,565 454 373
2016 2.6% 5,078 305 240
2017 1.5% 2,965 178 134
2018 0.5% 1,013 61 44

32,751 31,510

Technical Provision = 1,092,543

4 " aNiman




