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Introduction

• 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 capital/margins

• 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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Introduction(2)

• 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, & Wüthrich (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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Contributions

• Bootstrapping the Cape Cod method: A working paper

• Joint work with OMI ACF team

• 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

4. Use the outputs of the approach for estimating premium (prospective) risk
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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
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Example Triangle – Liability
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Example Triangle – Property (SME)
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Refresher on Chain Ladder

• Derive chain-ladder factors and make 
predictions of future development for each 
cohort

• Easiest way: work out percentage developed 
and use ratio to derive 100% development for 
each cohort

• In this example, require R2.6m of IBNR 
reserves

• Ultimate = estimates of final claims for each 
cohort
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Row Labels Min of premium Latest % to Ult IBNR ‐ CL ULT ‐ CL ULR ‐ CL

201003 51 347                         24 097     100% ‐                    24 097       47%

201006 53 877                         22 592     100% ‐                    22 592       42%

201009 54 577                         17 754     100% ‐                    17 754       33%

201012 55 527                         23 830     100% ‐                    23 830       43%

201103 56 768                         26 001     100% 5‐                        25 995       46%

201106 57 244                         22 062     100% 22‐                      22 041       39%

201109 58 405                         25 940     100% 42‐                      25 898       44%

201112 59 912                         32 474     100% 81‐                      32 393       54%

201203 60 339                         29 755     100% 134‐                    29 621       49%

201206 61 308                         27 184     100% 116‐                    27 067       44%

201209 60 262                         32 282     101% 199‐                    32 083       53%

201212 60 513                         41 404     101% 280‐                    41 124       68%

201303 62 668                         38 506     101% 360‐                    38 146       61%

201306 63 109                         26 310     101% 362‐                    25 949       41%

201309 62 934                         27 402     102% 592‐                    26 811       43%

201312 63 694                         45 471     103% 1 361‐                44 110       69%

201403 64 467                         38 379     104% 1 349‐                37 029       57%

201406 66 843                         38 686     105% 1 704‐                36 982       55%

201409 68 594                         34 819     104% 1 343‐                33 477       49%

201412 69 621                         25 473     71% 10 479              35 952       52%

Total 1 212 010                   600 423  2 529                602 952     50%
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Cape-Cod

• Principled way of deriving loss ratios from triangles

• Due to Bühlmann 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

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

• Cape-Cod – method for calculating loss ratios from 
triangles applying credibility weighting =>

• Weight estimates of ultimate by extent of 
development

• 𝑰𝑬𝑳𝑹 ൌ
∑ 𝑪ሼ𝒊,𝑱ሽ

𝑱
𝒊స𝟏 .%𝑫𝒆𝒗

∑ 𝑬𝑷𝒋.%𝑫𝒆𝒗𝑱
𝒊స𝟏

• 𝑰𝑬𝑳𝑹 ൌ  
∑ 𝑪ሼ𝒊,𝒋ሽ

𝑱
𝒊స𝟏

∑ 𝑬𝑷𝒋.%𝑫𝒆𝒗𝑱
𝒊స𝟏

25 April 2023 12

C
o
h
o
rt
 A
x
is
 ‐
 A
cc
id
e
n
t 
Y
e
a
r

Development Axis ‐ Transaction Time

Increasing Credibility

11

12



25/04/2023

7

Cape-Cod (3)

• IELR derived using CC method is 
49.3%

• Leads to slightly higher IBNR than 
the chain-ladder method

• How reasonable is the assumption 
of a constant loss ratio?

• Not too realistic!

• Depends on how many accident 
years included

• Can we automate the process of 
how much weight to give to older 
years?
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AY Row Labels Min of premium Latest % to Ult IBNR ‐ CL ULT ‐ CL ULR ‐ CL IELR ‐ CC IBNR ‐ CC Ult ‐ CC ULR ‐ CC

1 201003 51 347                         24 097     100% ‐                    24 097       47% 49.8% ‐                        24 097                47%

2 201006 53 877                         22 592     100% ‐                    22 592       42% 49.8% ‐                        22 592                42%

3 201009 54 577                         17 754     100% ‐                    17 754       33% 49.8% ‐                        17 754                33%

4 201012 55 527                         23 830     100% ‐                    23 830       43% 49.8% ‐                        23 830                43%

5 201103 56 768                         26 001     100% 5‐                        25 995       46% 49.8% 5.54‐                      25 995                46%

6 201106 57 244                         22 062     100% 22‐                      22 041       39% 49.8% 27.86‐                   22 035                38%

7 201109 58 405                         25 940     100% 42‐                      25 898       44% 49.8% 46.70‐                   25 893                44%

8 201112 59 912                         32 474     100% 81‐                      32 393       54% 49.8% 74.65‐                   32 400                54%

9 201203 60 339                         29 755     100% 134‐                    29 621       49% 49.8% 135.89‐                 29 619                49%

10 201206 61 308                         27 184     100% 116‐                    27 067       44% 49.8% 131.23‐                 27 053                44%

11 201209 60 262                         32 282     101% 199‐                    32 083       53% 49.8% 186.48‐                 32 096                53%

12 201212 60 513                         41 404     101% 280‐                    41 124       68% 49.8% 205.22‐                 41 199                68%

13 201303 62 668                         38 506     101% 360‐                    38 146       61% 49.8% 294.27‐                 38 212                61%

14 201306 63 109                         26 310     101% 362‐                    25 949       41% 49.8% 437.76‐                 25 873                41%

15 201309 62 934                         27 402     102% 592‐                    26 811       43% 49.8% 691.35‐                 26 711                42%

16 201312 63 694                         45 471     103% 1 361‐                44 110       69% 49.8% 978.33‐                 44 493                70%

17 201403 64 467                         38 379     104% 1 349‐                37 029       57% 49.8% 1 169.30‐              37 210                58%

18 201406 66 843                         38 686     105% 1 704‐                36 982       55% 49.8% 1 533.20‐              37 153                56%

19 201409 68 594                         34 819     104% 1 343‐                33 477       49% 49.8% 1 369.21‐              33 450                49%

20 201412 69 621                         25 473     71% 10 479              35 952       52% 49.8% 10 100.05           35 573                51%

Total 1 212 010                   600 423  2 529                602 952     50% 2 813                    603 236             50%

Generalized Cape-Cod

• Due to Gluck (1997)

• Weight estimates of ultimate by extent of 
development as well as recency of information

𝑰𝑬𝑳𝑹𝒋 ൌ
∑ 𝑪ሼ𝒊,𝑱ሽ

𝑱
𝒊ୀ𝟏 . %𝑫𝒆𝒗. 𝜸|𝒊ି𝒋|

∑ 𝑬𝑷𝒋. %𝑫𝒆𝒗𝑱
𝒊ୀ𝟏 . 𝜸|𝒊ି𝒋|

𝑰𝑬𝑳𝑹𝒋 ൌ  
∑ 𝑪ሼ𝒊,𝒋ሽ

𝑱
𝒊ୀ𝟏 . 𝜸|𝒊ି𝒋|

∑ 𝑬𝑷𝒋. %𝑫𝒆𝒗. 𝜸|𝒊ି𝒋|𝑱
𝒊ୀ𝟏

• 𝜸 = 0  => Chain-ladder as all weight given to 
current period

• 𝜸 = 1  => Cape-Cod as all weight given to current 
period
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Reweighting accident years
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Generalized Cape-Cod (2)

• Liability example

• Weighting parameter of 
80%

• Leads to higher IBNR 
than chain-ladder and 
cape-cod

• Can see how Cape-Cod 
IELRs vary over time 
picking up the trend

• Smooth IELRs reflecting 
classic actuarial prior
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AY Row Labels Min of premium Latest % to Ult IBNR ‐ CL ULT ‐ CL ULR ‐ CL IELR ‐ CC IBNR ‐ CC Ult ‐ CC ULR ‐ CC

1 201003 25 728                         9 350       100% ‐                    9 350           36% 33% ‐                        9 350                  36%

2 201006 25 975                         5 767       100% 24‐                      5 743           22% 33% 35.18‐                   5 731                  22%

3 201009 24 954                         7 821       101% 55‐                      7 766           31% 33% 59.17‐                   7 762                  31%

4 201012 24 478                         6 051       101% 35‐                      6 016           25% 34% 48.30‐                   6 002                  25%

5 201103 23 899                         8 508       97% 249                    8 757           37% 36% 242.60                 8 751                  37%

6 201106 21 730                         6 981       96% 259                    7 240           33% 37% 288.45                 7 270                  33%

7 201109 15 232                         7 504       98% 149                    7 653           50% 39% 115.33                 7 619                  50%

8 201112 11 990                         8 644       100% 12                      8 656           72% 40% 6.83                      8 651                  72%

9 201203 11 731                         2 083       95% 109                    2 192           19% 40% 235.31                 2 318                  20%

10 201206 11 503                         4 601       92% 385                    4 985           43% 41% 366.34                 4 967                  43%

11 201209 13 317                         6 826       89% 802                    7 627           57% 42% 590.82                 7 417                  56%

12 201212 14 270                         5 107       90% 559                    5 666           40% 42% 597.52                 5 705                  40%

13 201303 15 193                         4 847       87% 693                    5 540           36% 43% 815.12                 5 662                  37%

14 201306 15 077                         10 125     86% 1 631                11 756        78% 44% 913.34                 11 039                73%

15 201309 18 804                         4 755       86% 795                    5 550           30% 43% 1 147.01              5 902                  31%

16 201312 17 930                         7 419       84% 1 458                8 877           50% 42% 1 248.45              8 668                  48%

17 201403 18 825                         4 025       80% 994                    5 019           27% 42% 1 553.94              5 578                  30%

18 201406 20 181                         8 148       76% 2 603                10 751        53% 42% 2 050.81              10 199                51%

19 201409 20 891                         4 807       58% 3 449                8 256           40% 41% 3 608.03              8 415                  40%

20 201412 23 654                         1 877       32% 3 980                5 857           25% 41% 6 530.29              8 407                  36%

Total 375 364                       125 244   18 013              143 258      38% 20 168                 145 412             39%
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Reweighting accident years (2)
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IELR with respect to:
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