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Reserving governed by modern solvency/accounting regimes (e.g. SAM/SII and IFRS 17)

Non-life insurers need to calculate two main items:
Best estimate IBNR reserves

Reserve risk capitalimargins
Best estimate: range of reserving methods e.g. chain ladder, Bornhuetter Ferguson, Cape Cod
Capital/margins: uncertainty quantifications methods e.g. Mack’s method and bootstrapping
Bootstrapping usually formulated with respect to the chain ladder method...

... whereas a different method likely used for the best estimate reserves

Basic problem: not quantifying uncertainty of the reserves we actually hold on balance sheet (see
nice paper by Dal Moro and Lo (2014))
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Can we resolve this issue by using a single method for both best-estimate and margins?
Among exposure-based methods (BF/CC), difficult to see how to bootstrap BF...

... as it relies on subjective choice of the loss ratios used in the method (however, see the stochastic
BF approach of Alai, Merz, & Withrich (2011))

Here we focus on the Generalized Cape Cod (GCC) method
The GCC method appears to be a better choice...

... derives loss ratios using an algorithm, based on single parameter defining how much weight to
give to older accident years

However, methods for bootstrapping the GCC have not yet been explored
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Bootstrapping the Cape Cod method: A working paper

Contributions

Joint work with OMI ACF team

Bootstrapping the Cape Cod method: A working paper

By Nikita Harilal, Karen Muyengwa, Kovlin Perumal, Ronald Richman,
Iumeleng Sefako, Rowald van der Walt

Presested a8 the Actussial Seciety of Souh Afiicas 2022 Comvention
Cape Town I5-28 October 2122

ABSTRACT

Methods k of ] wrually bused

an the assmplon that theis providons were cakulated using the chais ladder metbod Thus,

in practice, aricess ways of quantifyieg the prediction ermor of the chain

ladder estimates, often the bootstrag proceduses of England and Verrall (1999) or England md

Verrall {2006) for the chain ladd, hand he other hand, v
based thods such as

Cape Cod methoda. I this
wrking papes, wr provide an Enitlal view of how bootstrappisg can be applied o the Cape Cod
meshod. We defise bootstrap procedures. foe the Cape Cod method, show how these can be
applied and husw the tesalts compuare o mure. mcthods inod in practice. We comider
swhich af the methads ane more appropeiate for use in reserve risk extimation under Sobvency 11

and acoounting estimases in the context of IFRS 17, with a focus on stabiity and realism of the
A

resuibs. Finally, we peovide R cod huce these methods o rep
Contributions of our paper:
1. Define an approach to bootstrapping the Cape Cod method, allowing for the same method to be
used for best estimates and margins
2. Show how to choose the parameters of the Cape Cod method in an optimal manner
3. Provide a procedure for deriving the one-year and ultimate risk margins
i~
4. Use the outputs of the approach for estimating premium (prospective) risk 3@5@ Institute
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Refresher on IBNR reserving

+ Quantification of reserves to back IBNR claims usually

performed by actuaries

» Key principles:

Aggregate multiple claims events to derive “patterns” with
which claims occur

Differentiate between cohorts of claims

Differentiate between claims development at different

stages

« Aggregated claims development collected in claims
triangle

«  Useful for performing analysis where development
happens over time to different cohorts

Insurance claims

Number of infections

Number of current loans

Cohort Axis - Accident Year

Development Axis - Transaction Time
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Example Triangle — Liability
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63
01001 2014 3925 6027 6477 5624 5159 5214 621 6705 6716 7373 7696 901 9230 8409 S48 884 9202 9388 9350 945
01002 2531 4102 3675 3863 47% G866 6072 6014 598 5788 5951 5958 6043 6065 5B77 5%9 5987 5997 5767 SB0B 5803
01003 2373 4426 7274 6514 6699 7063 7603 7727 7130 7655 7949 8587 913 7730 795 8¥e 818 78 732 7811 8156
201004 3665 6028 5679 5793 5158 5203 4824 4749 5152 5240 5267 5361 5262 5606 5473 5359 6051 5921 6166 6719 6026
201 3685 6009 6655 5535 6292 6972 6793 6362 6510 645/ 6734 6836 7BI7 8117 8602 B508 &9 9368 9671 10319 W00
201102 5624 9330 BE40 7676 7066 6535 7004 6965 7007 7244 7124 7119 7294 7251 6981 7051 6988 7025 7182 6672 6676
201103 6360 B485 9147 6628 6BE3 6990 7417 7T76B BT TTS 7908 7946 7905 7504 3561 8369 8313 8495 B8 815 BS36
201104 3655 4338 4000 4568 6659 6571 6599 6%9 7303 7384 87192 B635 8644 9207 9792 9953 10002 9407 9452 8273 83IN
201201 1203 2897 3289 2418 2197 3144 3153 3073 3109 2367 1992 2083 2505 2678 2594 2648 2661 2521 2529 2370 2370
201202 110 2111 3328 5474 5593 5660 4710 4874 4569 4547 4601 4720 5137 5208 5589 6254 6507 6507 6593 6604 6659
201203 T6 3290 6315 7099 726 6951 6911 6848 6906 6826 7025 7046 7394 10204 9915 9643 9929 10269 10221 10808 10913
201204 1858 3064 3965 3906 4058 40 4019 3867 5107 4984 4972 5328 5752 5802 5554 6083 6530 6523 6565 6570 6520
2013Q1 1608 4000 4989 4800 4795 5482 4778 4847 4767 5147 5977 5955 6004 6077 6228 6502 6590 4603 7607 7754 7754
01302 310 396 7002 9182 9680 7916 10125 10614 11271 11901 11493 11493 11778 1179% 11238 11358 11099 11107 11450 11413 11607
01303 1187 1949 3062 4515 4628 4755 4BE) 4970 4877 5% 6023 6168 6384 7815 7804 7262 8047 8042 B288 8340 8330
00304 508 1844 4445 6456 7419 7357 718 7671 7984 8776 09575 9615 9884 008 7871 8005 7982 7E98 7900 78 7732
0001 632 1951 2235 4025 5071 5654 6389 7468 7458 7303 7230 7366 7498 8081 8313 8779 8854 939 967 10067 1098
0002 §76 3531 8148 10026 1025 10713 11674 11833 11639 12485 12279 12327 11754 11809 11776 11854 11687 11709 11365 11469 10940
01403 1549 4807 6178 8651 10214 11283 11203 11552 12697 12468 12828 14163 13962 14114 14932 16581 16279 15668 15625 17347 17165
0104 1877 4342 4787 6310 7943 R48) BG0 8747 9150 9374 9823 10712 152 11242 12279 13806 13721 13858 424 16558 16406 .
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.
Example Triangle — Property (SME)
3 6 9 12 15 18 21 24 27 30 33 36 39 4 45 48 51 54 57 60 63
101001 15886 25178 26572 25520 25047 25025 24962 24448 24412 24305 24305 24285 24201 24159 24171 24108 24097 24097 24007 4097 24097
201002 18400 24210 22953 22781 22710 22939 22777 22395 2332 22615 22615 22615 22615 22615 22594 22590 22592 22592 22592 22592 22590
201003 15765 18860 17972 18029 18100 17915 17919 17802 17854 17854 17868 1784 17829 17829 17762 17762 17754 17754 17754 17754 17754
201004 18049 24586 24558 24342 23850 23923 23912 23959 13949 23823 13921 23836 23863 23863 23853 23830 23830 23830 3830 23B89 174
2011017 22716 28799 28139 26890 27203 27014 26813 26542 26364 26523 26259 26257 26051 26001 26001 26001 26001 26001 26001 26001 26001
201102 17630 4164 BT 1B061 22775 2659 229 212242 N5 1229 12129 2198 227114 22062 22062 2062 22062 22062 22062 22062 12062
201103 20852 28044 27322 27051 26750 26293 26137 26133 26310 26224 125943 25952 25942 25040 25940 25940 25940 25940 25928 25911 25932
201104 21489 32919 32872 32830 32575 32553 32536 32444 32453 32324 32324 32496 32474 32464 32464 32464 32464 32464 32464 32464 32464
201201 18254 29871 30749 29904 30122 30282 30004 30047 29793 29748 29722 19755 19766 29765 29764 29764 29764 29764 29760 29760 29760
201002 21812 29826 28047 27960 28009 27813 27605 27431 27503 27207 27184 27184 27184 27184 27044 27044 27044 27044 27044 27044 77044
201203 25062 35B59 36M43 35174 34845 34032 33252 33128 32079 32282 32480 32317 32442 32413 32454 32454 32561 32565 32565 32561 32561
201204 27479 41905 42867 42488 42368 41576 41451 40987 41404 41486 41476 41551 41551 41551 41551 41583 41583 41583 4125 41214 41214
201301 26771 40484 39968 40058 40011 38823 38481 38506 38508 38516 38527 3IBSN1 3B51 38511 38777 3BT 3BT BT BT 3877 W8IV
201302 20362 26805 26388 26454 26380 26321 26310 26323 26318 26309 26621 26621 26640 26640 26624 26624 2662 26624 26624 26624 266X
200303 19766 29065 28267 27856 27475 27402 27365 27263 27244 27246 XTAST XMe NMe 27259 27259 27159 A9 X8 WX W19 N9
201304 27035 43553 45623 45858 45471 45806 44433 M4634 638 A4604 44604 A46B4 A4481 44529 44567 METE MT07 M4TH0 A4BIT 44883 B84
201401 19600 35432 37811 38379 37947 37692 376B6 37629 37634 37634 37612 37612 37600 37600 37600 37600 37600 37600 37600 37600 37600
201402 22220 35361 38686 38612 37948 38008 38100 38099 3810 38179 38179 38178 38178 38178 3B178 38178 38178 38178 38175 3B1IS 38186
201403 22583 34819 35282 34872 35781 35467 39473 35477 35450 35663 35628 35558 35558 35564 35564 35576 35576 35571 35571 35569 35556
01404 25473 35455 36730 37066 36677 36631 36392 36361 36376 3I63IBT 36420 36420 36431 645 36450 36450 36437 36437 36437 36437 36437 -
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Refresher on Chain Ladder
Row Labels | Min of premium | Latest | %toUlt | 1BNR-CL | ULT-CL |UIR-CL
. . 201003 s137] 1097|1009 24097 a7
Derive chain-ladder factors and make 0106 IR 750 o
predictions of future development for each 201009 SAST7| 17754|  100% 17754 334
201012 5557 B8] 1009 880 434
cohort 201103 s6768] 26001]  1004]- 5| 259% 46%
. . 201106 srou] o] 1004 2| 2m 39%
Easiest way: work out percentage developed o s sl 10l AT o]
and use ratio to derive 100% development for 20112 soon2 | 3pana| 100 s 23 545
each cohort 201203 60339 2975] 1004 13| 2960 199
201206 61308 2718 1004 16| 27067 a1y
: : 201209 60262 28| 1004 199] 32083 53%
In this example, require R2.6m of IBNR o IR BT T WY e
reserves 201303 62668 | 38506|  101%)- 360| 38146 61%)
201306 63109 | 26310 101%|- 362| 25949 41%
Ultimate = estimates of final claims for each 201309 94| 42| 1oz sw| oesw I
Cohort 201312 63694 | 45471 103%|- 1361 44110 69%
201403 64467 | 38379 104%|- 1349 37029 57%
201406 66843 | 38686 105%|- 1704 36982 55%
201409 68594 | 34819 104%|- 133 33477 49%
201412 69621 25473 71% 10479 35952 52%
Total 1212010 | 600423 2529 602952 50%|
.
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Cape-Cod

+ Principled way of deriving loss ratios from triangles

» Due to Bihlmann and Straub (1983); Story of origins
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Cape-Cod (2)

+ Credibility ~= extent to which we can rely on data versus
prior knowledge

— Credibility of estimates from a triangle increases as development
period increases

Development Axis - Transaction Time

— i.e. more developed accident years likely to provide better estimates
of ultimates

Increasing Credibility

» Cape-Cod — method for calculating loss ratios from
triangles applying credibility weighting =>

= Weight estimates of ultimate by extent of
development

Cohort Axis - Accident Year

R IELR _ Z{:l C{iJ}.%DEV

Y} _, EPj.%Dev
I

i1 Ciig) LY,

T
Yi_1 EPj.%Dev 4 g@gj
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C C d 3 Y| Rowlabels || Minofpremium | tatest |%tourt [ivR-ct [wr-ct [um-c  [m-cc  [mwR-cc Jur-cc u-cc
ape' o ( ) 101003 sir| mo| o0 T I 98 - uo| 4y
201006 s3am | nsn| o P i 9% nm| oy
. . . 3201009 s | 4| 00 17754 % 98 EEED
* IELR derived using CC method is oo R ) 158 } B8] %
49.3% slaonis 56768 ] 26001 ao0- 5| 5% 154 98- sl o] e
. . 620106 som| nog| o 2| nm 3% ogl-  ns|  nws|
¢ Leads to slightly higher IBNR than Thotos sea0s | om0 o) 0] 58 4 pol sn]  sm|
the chain-ladder method ghonn soon| 4] oo 1| nm % oml- mes| nw] s
) ) 90003 03] 9755 wml 1] men 194 I
* How reasonable is the assumptior 10201206 | vm| wml 5| zow uw T
of a constant loss ratio? 1fon 0m] nm| w19 3 5% T
o o osn] sa|  wml  m] s 6% wo  wsn|  aw] ey
* Not too realistic! 3hoss 6668 3506 10 30| 3816 1% g mu|  xm| e
) ulaorsos ae] s ww  w| sw 11y wo o] sy
< Depends on how many accident 15[201309 %] 740 1 52| 2681 3% 8% 693 w71 42
years included 16201312 63694 | 45471) 103 1361] 4100 9% ool BB 443 70
17ja0ue3 oo | | el 1] 3oe 5% wo  1wn] o] sy
» Can we automate the process of 18[201406 66843 | 38686  105%- 1704|3698 5% Q8% 15820 313|564
how much We|ght to give to older 19|201409 68594 ) 34819) 104 13| 3477 9% 8% 13691 B40| 4%
n wlon oat] sa| e 0| Bm 5% o 0| ] sy
years?
[ Total 1212010 600423 15| 6% % I EED
N
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Generalized Cape-Cod
* Due to Gluck (1997) Development Axis - Transaction Time
+ Weight estimates of ultimate by extent of
development as well as recency of information
§
>
Y1 Ciipy-%Dev.ylt g
IELR; = 7 — pe
Yi—1EPj.%Dev .yl g
.
’ z
Yie1 Ciajy - V! £
IELR]-= ; i=1 “{ij} _ s
Yi-1EP;.%Dev.yll S
« y =0 =>Chain-ladder as all weight given to
current period
« y =1 =>Cape-Cod as all weight given to current N
14 . P ghtg %Sig Institute
perlod ,J@i and Faculty
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Weights with respect to:

120% 120%
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
» ® P S P O X OO > © P & P O PO O O
RO S L R I N RO S L R A N
DI S S MR I SR U S LS S S MR U S S S S
—10% —30% —75% —95% —100% —10% —30% —75% —95% —100%
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AY] Rowlabels |*] Minofpremium ] latest | %toUlt | BNR-CL | ULT-CL | UIR-CL | [EIR-CC | BNR-CC | Ult-C  |ULR-CC
o 1201003 78| 930| 1004 9350 3% % - 90| 3%
Liability example 2201006 s 57| 100 u| 5w % EE s
o 3201009 uos| 7en| 1o 5] 776 3% Y 776 3%
Welghtlng parameter of 4201012 u4r| 6051 101%)- 3| 6016 5% 34%|- 4830 6002 2%
80% sJaous nw| s8] o w| 8 B T E
§l201106 0| 61| oed x| 110 % s P E
Leads to higher IBNR Tao119 sm| 75w sy w| 763 % w153 7619] %
. gaounz | seu| 10 n| 86 ™ % 68 86| 7%
than chain-ladder and oJaons unt| 2wy W 2w 1% w53 28]
cape-cod 10201206 wss| g o W s 4 R 1967| a
1120109 B3| ese| ey | 767 5% R 1] s
Can see how Cape_Cod 1201212 14270 5107 90%) 559 5666 40%) 42% 597.52 5705 40%)
IELRs varv over time 120308 | | e 53] 550 3% e TARE
- ry 201306 so7| 05| s e 176 % w  on|  ums|
picking up the trend 15[201309 1884 4755] 8% 5] 550 ) w 1w s 3
1aosn | 7aw| s 48] sew % o 1mss sees|
Smooth IELRs reflecting 17201403 1885|405 a4 o] som ™ o 1599 EE
. : : 1201 0181| 81 7 2 10751 o 2008l 101 1
classic actuarial prior 5201406 ost| sus| 7o 3] 107 % W 20508 | s
15201409 wat| 4s7|  sme 39| s 104 ] 3680 sas|
waoun Bed| 1877) 36 30| 58 % ] 6502 07| 3
[ Total 375364 | 12504 1.803] 1825 3% w68 usan|
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Reweighting acci

dent years (2)

IELR with respect to:

Y =80%

60%
50%
= |ELR - CC
40%
e ULR - CL
30%
20%
10%
0%
P I PP PP DD DO DI DD DS DD
S E P L PSSP F ISP s

Y =30%

e |ELR - CC
40%
e ULR - CL
30%
20%
10%
0%
o o
S S S S I S S S F TSI S
O O O R

Y
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