
One-year Reserve Risk

Tim Harrison, Maree Lambrechts
Deloitte & Touche 

Actuarial & Insurance Solutions



Agenda

► Intro

► Reserve risk
→ Ultimate view

→ One-year view

► Practical examples
→ Back-testing of reserves

→ Risk margins

► Questions



Reserve Risk

Ultimate View



Reserve risk

• Focus of today’s talk

– Introduce the concept of “one-year reserve risk”

– Single portfolio / triangle

– Focus on BCL-based approaches

– Practical uses

• What we are not focusing on:

– Premium risk / new business risk

– Multiple portfolios & aggregations

– Known limitations of the ‘ultimate risk’ methods (for the most part…)

– BF-based methods (though we will touch on this at the end)

Ultimate 

View



Reserve risk

•1993: Mack method
– Expected value from BCL

– “Distribution-free” MSEP

– Coefficient of variation

•2002: ñStochastic Claims Reserving in General Insuranceò
– England & Verrall

– Bootstrapping approaches, among others

– Empirical predictive distribution (can get various risk metrics)

• Provide an ñultimate viewò of the risk

Ultimate 

View



Reserve risk

Known historical losses

Unknown future losses

U

Ultimate loss

Ultimate 

View



Source: ñBack-Testing the ODP Bootstrap of the Paid Chain-Ladder 

Model with Actual Historical Claims Dataò (Leong, Wang & Chen)
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Reserve Risk

One-year View



Reserve risk

• Regulatory drive

• UK ICA

– Run-off of reserves

– 1 year of new business

– 1-in-200 year return period

• Solvency 2

– As above, but balance sheet to balance sheet

– “One year view”

– At the time, an unstudied problem!

One-year 

View



Define the concept of the ‘claims development result’ or CDR

Alternatively:

CDR1 = R0 – X1 – R1

R = Reserve at time t

X = Incremental loss

CDR1 = U0 – U1

U0 = Ultimate loss at time 0

U1 = Ultimate loss at time 1

U0 = C0 + R0

U1 = C0 + X1 + R1

U0 – U1 = R0 –X1 –R1

Where C0 is cumulative 

losses at time 0

Known historical 

losses

One year of 

unknown losses

E

CDR
“Claims

Development 

Result”

One-year 

View



Reserve risk

• The CDR is the variable of interest for a one-year view

• CDR behaves differently to incremental loss

Â Variability of incremental loss

Â Variability of end-of-year reserve

Â Dependence

• However, on an ultimate view

Â CDR and losses have the same variability

Â “Ultimate” closing reserve is zero

• So how do we assess this thing?

One-year 

View

CDR
“Claims

Development Result”



Reserve risk

Analytical

– Someone had to do the maths!

– First paper on the topic: “Uncertainty in the claims development 

result in the chain ladder method” (Merz & Wüthrich, 2008)

– “One year” analogue of Mack method

Simulation

– “Actuary in a box” / “re-reserving”

– Adjust existing bootstrap models

– Give model an algorithm to set future reserves

One-year 

View

Two broad approaches:



Reserve Risk
One-year view

Analytical Approaches



Â Analytical approach for one-year MSEP

Â Derived by Merz & Wüthrich in 2008

Â Mack model assumptions

Â Assumes opening and closing reserves 

set using chain ladder

Â No tail factor

Merz-Wüthrich Analytical 

Approaches



Â Analytical approach for one-year MSEP

Â Derived by Merz & Wüthrich in 2008

Â Mack model assumptions

Â Assumes opening and closing reserves 

set using chain ladder

Â No tail factor

Â The maths is fearsome!

(See unhelpful snip to the right)

Merz-Wüthrich Analytical 

Approaches



Limitations

? What if we need a tail factor?

? What if assumptions of Mack model 

are not met?

? What if we want a different risk 

measure?

? What if we want a distribution of 

CDR?

Source: 

“Juggling uncertainty the actuaryôs part to play” 

(England, Cairns & Scarth; GIRO Conference and 

Exhibition 2012)

Since the original paper

Â 2014: MSEPs for full run-off 

Â 2015: Tail factor allowance

Â Even more challenging maths 

(suitability of spreadsheets?)

Regarding other risk measures

Â Can make distributional assumption using 

MSEP

Â Normal, Log-Normal

Â Find quantiles et cetera

Merz-Wüthrich Analytical 

Approaches



Reserve Risk
One-year view

Simulation Approaches



Â M&W inflexible to some extent

Â Limited view of underlying distribution

Â Simulation approach is intuitive

Â Often referred to as the “actuary-in-a-box”

Â Comprehensive view of distribution

Re-reserving Simulation 

Approaches



Re-reserving
1) Start with the reserve triangle at time t

2) Simulate all future incremental claim 

payments

3) Take an incremental view of the simulated 

claim payments

4) Augment existing reserve triangle with 

simulated payments for the calendar year

5) Estimate the reserve based on the 

adjusted triangle for each simulation

Reserving algorithm: “actuary-in-a-box”

Origin Period 1 2 3 4 5 6 7 8 9

2000 2,202,584 3,210,449 3,468,122 3,545,070 3,621,627 3,644,636 3,669,012 3,674,511 3,678,633

2001 2,350,650 3,553,023 3,783,846 3,840,067 3,865,187 3,878,744 3,898,281 3,902,425

2002 2,321,885 3,424,190 3,700,876 3,798,198 3,854,755 3,878,993 3,898,825

2003 2,171,487 3,165,274 3,395,841 3,466,453 3,515,703 3,548,422

2004 2,140,328 3,157,079 3,399,262 3,500,520 3,585,812

2005 2,290,664 3,338,197 3,550,332 3,641,036

2006 2,148,216 3,219,775 3,428,335

2007 2,143,728 3,158,581

2008 2,144,738

Origin Period 1 2 3 4 5 6 7 8 9

01/2000 - 12/2000 2,202,584 3,210,449 3,468,122 3,545,070 3,621,627 3,644,636 3,669,012 3,674,511 3,678,633

01/2001 - 12/2001 2,350,650 3,553,023 3,783,846 3,840,067 3,865,187 3,878,744 3,898,281 3,902,425 3,906,803

01/2002 - 12/2002 2,321,885 3,424,190 3,700,876 3,798,198 3,854,755 3,878,993 3,898,825 3,903,793 3,908,172

01/2003 - 12/2003 2,171,487 3,165,274 3,395,841 3,466,453 3,515,703 3,548,422 3,568,259 3,572,806 3,576,814

01/2004 - 12/2004 2,140,328 3,157,079 3,399,262 3,500,520 3,585,812 3,608,384 3,628,557 3,633,180 3,637,256

01/2005 - 12/2005 2,290,664 3,338,197 3,550,332 3,641,036 3,699,768 3,723,057 3,743,871 3,748,642 3,752,847

01/2006 - 12/2006 2,148,216 3,219,775 3,428,335 3,507,703 3,564,284 3,586,720 3,606,772 3,611,368 3,615,419

01/2007 - 12/2007 2,143,728 3,158,581 3,385,688 3,464,069 3,519,946 3,542,103 3,561,906 3,566,444 3,570,445

01/2008 - 12/2008 2,144,738 3,165,479 3,393,083 3,471,634 3,527,634 3,549,839 3,569,685 3,574,233 3,578,243

Origin Period 1 2 3 4 5 6 7 8 9

01/2000 - 12/2000 2,202,584 3,210,449 3,468,122 3,545,070 3,621,627 3,644,636 3,669,012 3,674,511 3,678,633

01/2001 - 12/2001 2,350,650 3,553,023 3,783,846 3,840,067 3,865,187 3,878,744 3,898,281 3,902,425 3,906,803

01/2002 - 12/2002 2,321,885 3,424,190 3,700,876 3,798,198 3,854,755 3,878,993 3,898,825 3,903,793

01/2003 - 12/2003 2,171,487 3,165,274 3,395,841 3,466,453 3,515,703 3,548,422 3,568,259

01/2004 - 12/2004 2,140,328 3,157,079 3,399,262 3,500,520 3,585,812 3,608,384

01/2005 - 12/2005 2,290,664 3,338,197 3,550,332 3,641,036 3,699,768

01/2006 - 12/2006 2,148,216 3,219,775 3,428,335 3,507,703

01/2007 - 12/2007 2,143,728 3,158,581 3,385,688

01/2008 - 12/2008 2,144,738 3,165,479

Simulation 

Approaches



Re-reserving

Considerations

Â Easy extension to existing bootstrap models if BCL is used

Â Some controversy around using other ‘algorithms’ i.e. BF

Â Still generating losses as if chain ladder is true underlying model

Â Need variability assumption for prior ultimate (Bayesian model)

V Biased CDR

V Artificially lowered variance

Â Simulated results expose valuable additional insights

Simulation 

Approaches



Re-reserving Simulation 

Approaches
Comparing the one-year development results for various models:



Re-reserving
Comparing the one-year development results for various models:

Simulation 

Approaches



Re-reserving
Decomposing the variation in the CDR into components:

Simulation 

Approaches



Re-reserving
Dependency analyses:

Simulation 

Approaches



Current “state of play”

• Various methods for assessing one-year uncertainty for BCL-

type models

Â MW approach –analogous to Mack

Â Re-reserving (via Bootstrapping)

• No methods for other common models

Â BF

Â Cape Cod

Â Hybrid models –e.g. BF/BCL mix

• Practical approaches?

Â Scaling

Â Shifting

Source: ñAn industry question: the ultimate and one-year reserving uncertainty for different non-life reserving 

methodologiesò (Dal Moro & Lo, 2014)

Simulation 

Approaches



Current “state of play”

• What about BF-type methods?

• There is some research - the models are not trivial

• Parameter estimation via Bayesian techniques (!!!)

Â Markov Chain Monte Carlo (MCMC)

Â Metropolis-Hastings

Â Gibbs Sampling

Â Reversible Jump MCMC

Â And on and oné.

• Models already exist to give ultimate predictive distributions

• Matter of time until we have models for CDR on BF basis

Simulation 

Approaches



Practical Examples

Back-testing of Reserves



FY U0 R0 Mack SE E[X1] E[R1]

2007 5 339 085 -                -               -              -                

2008 5 333 952 424 637      861           424 637    -                

2009 5 278 854 690 586      14 365      270 335    420 251      

2010 4 890 132 1 016 821   239 673     377 088    639 733      

2011 5 056 148 1 364 436   325 593     313 094    1 051 341   

2012 5 558 186 2 075 056   499 300     575 142    1 499 914   

2013 6 768 569 3 904 071   807 466     1 377 139 2 526 933   

2014 5 709 969 4 346 675   916 668     1 053 198 3 293 477   

2015 5 089 780 4 745 766   1 386 637  871 206    3 874 561   

Total 18 568 050 2 280 009  5 261 840 13 306 210 

Previous valuation

Mack coefficient of variation = 12.3%

Back-testing 

of Reserves

Back-testing of reserves



X1 U1 R1 E[X1] - X1 E[R1] - R1 CDR

-              5 339 085 -                -             -               -               

427 258    5 336 573 -                -2 621     -               -2 621       

259 430    5 268 299 420 601      10 905    -350          10 555       

647 722    5 198 912 677 880      -270 634 -38 146      -308 780    

330 886    5 151 917 1 129 319   -17 791   -77 978      -95 769      

596 988    5 673 685 1 593 567   -21 846   -93 653      -115 499    

1 225 083 6 632 169 2 542 589   152 056  -15 656      136 400     

1 103 569 5 886 284 3 419 421   -50 370   -125 944    -176 314    

1 109 767 6 165 467 4 711 686   -238 561 -837 126    -1 075 687 

5 700 702 14 495 063 -438 862 -1 188 853 -1 627 715 

Current Valuation

R0 = 18 568 050

Mack SE = 2 280 009 

CDR ÷ E[X1] = -31%

CDR ÷ Mack SE = -71%

Remember:

Back-testing 

of Reserves

Back-testing of reserves



Back-testing of reserves

FY U0 R0 Mack SE E[X1] E[R1] X1 U1 R1 CDR SE CDR

2007 5 339 -          -           -        -          -        5 339 -          -         -          

2008 5 334 425      1          425    -          427    5 337 -          -3       1         

2009 5 279 691      14        270    420      259    5 268 421      11       14       

2010 4 890 1 017   240      377    640      648    5 199 678      -309    239     

2011 5 056 1 364   326      313    1 051   331    5 152 1 129   -96      223     

2012 5 558 2 075   499      575    1 500   597    5 674 1 594   -115    369     

2013 6 769 3 904   807      1 377 2 527   1 225 6 632 2 543   136     592     

2014 5 710 4 347   917      1 053 3 293   1 104 5 886 3 419   -176    571     

2015 5 090 4 746   1 387    871    3 875   1 110 6 165 4 712   -1 076 1 098   

Total 18 568 2 280    5 262 13 306 5 701 14 495 -1 628 1 709   

Previous valuation Current Valuation

• We can use one-period risk measures to determine validation rules

• Here we show the 1-year SE for the CDR

The CDR falls within 1*SE in this case

Doesnôt seem so bad after all?

Back-testing 

of Reserves



Practical Examples

Risk Margins



Risk margins

• Get us from Best-estimate to ‘fair value’

• Various approaches

Â Cost of capital margin

Â Quantiles

• For SAM:

Â Typically use SCR for Time 0

Â Proxy for future SCRs e.g. best-estimate scaling

• But we can find future risk measures directly

Â Re-reserving1

Â Analytically2

1: ñStochastic Re-Reserving in multi-year internal modelsò(Diers, 2009)

2: ñClaims Run-Off Uncertainty: The Full Pictureò(Merz & Wuthrich, 2014)

Risk Margins



Risk margins

Consider following triangle:

0 1 2 3 4 5 6 7 8 9 10 11

1 4 152   2 127   64        42        109      32        230      14        2          7          1          1          

2 4 441   2 317   354      126      61        31        162      9          9          1          3          23        

3 4 829   3 044   405      229      299      224      321      148      42        186      1          1          

4 5 513   3 192   257      298      24        49        17        14        470      3          20        2          

5 5 852   2 466   633      140      33        321      8          3          6          1          1          1          

6 5 915   3 194   592      171      304      160      5          1          3          10        1          1          

7 5 439   2 561   431      678      446      37        1          13        1          14        1          

8 5 012   3 196   455      185      62        7          6          6          3          1          

9 5 039   2 366   441      207      256      379      38        71        1          

10 6 138   3 321   576      147      280      292      17        4          

11 5 950   3 118   383      285      22        44        4          

12 5 232   3 012   517      188      76        9          

13 4 923   3 139   670      982      144      

14 4 841   3 178   867      440      

15 4 860   2 673   391      

16 5 149   2 831   

17 4 724   

Best Est of run-off

Risk Margins

Std Err of run-off



Risk margins

0 1 2 3 4 5 6 7 8 9 10 11 Total

Reserve 7 113 3 253 2 030 1 269 785 458 265  142  48    13    5     -      

MW2014 710    539    454    348    294 232 187  166  63    13    10    -      3 016   

BE-scaled 710    325    202    127    78   46   26    14    5     1     0     -      1 534   

Risk Margins



Questions?

Tim Harrison

Actuarial & Insurance Solutions

tiharrison@deloitte.co.za

Maree Lambrechts

Actuarial & Insurance Solutions

mlambrechts@deloitte.co.za

mailto:tiharrison@Deloitte.co.za
mailto:Mlamprechts@Deloitte.co.za


References / further reading
Author/s Title Publication

Mack, T. Distribution-free calculation of the standard error of chain ladder reserves estimatesAstin Bulletin 23/2, 213-225

England P. D. and Verrall R. J. Stochastic Claims Reserving in General Insurance (with discussion) British Actuarial Journal (8): 443-544.

England, P. and Verrall, R. Predictive Distributions of Outstanding Liabilities in General Insurance Annals of Actuarial Science, 1(2), 221ς270.

Merz, M., Wüthrich, M.V. Prediction error of the expected claims development result in the chain ladder methodBulletin of Swiss Association of Actuaries, 1, 117-137

Merz, M., Wüthrich, M.V. Modelling the claims development result for solvency purposes CAS E-Forum, Fall 2008, 542-568

Wüthrich, M.V., Merz, M., Lysenko, N. Uncertainty in the claims development result in the chain ladder method Scandinavian Actuarial Journal 109 (1), 63ς84

Ohlsson, E. and Lauzeningks, J. The one-year non-life insurance risk Insurance: Mathematics and Economics, 45(2):203ς208.

Diers D. Stochastic Re-Reserving in multi-year internal models Astin Colloquium, Helsinki

Salzmann, R. and Wüthrich, M. Cost-of-capital margin for a general insurance liability runoff AstinBulletin, 40(2):415ς451

WHITE, S. and MARGETTS, S. A link between the one-year and ultimate perspective on insurance risk GIRO Conference 2010

ENGLAND, P.D., CAIRNS, M. and SCARTH, R.¢ƘŜ м ȅŜŀǊ ǾƛŜǿ ƻŦ ǊŜǎŜǊǾƛƴƎ ǊƛǎƪΥ ¢ƘŜ άŀŎǘǳŀǊȅ-in-the-ōƻȄέ Ǿǎ ŜƳŜǊƎŜƴŎŜ ǇŀǘǘŜǊƴǎGIRO Conference 2012

Merz, M., Wüthrich, M.V. Claims run-off uncertainty: the full picture SSRN manuscript 2014, ID 2524352

Wüthrich, M.V., Merz, M. Stochastic claims reserving manual: advances in dynamic modeling SSRN manuscript 2015, ID 2649057

Verrall, R. J. A Bayesian generalized linear model for the Bornhuetter-Ferguson method of claims 
reserving

North American Actuarial J., 8(3), 67ς89

Mack, T. The prediction error of Bornhuetter-Ferguson ASTIN Bulletin, 38(1), 87ς103

Alai, D.H., Merz, M., Wüthrich, M.V. Mean square error of prediction in the Bornhuetter-Ferguson claims reserving method Annals of Actuarial Science 4/1, 7-31

Alai, D.H., Merz, M., Wüthrich, M.V. Prediction uncertainty in the Bornhuetter-Ferguson claims reserving method: revisitedAnnals of Actuarial Science 5/1, 7-17

Saluz, A., Gisler, A., Wüthrich, M.V. The stochastic Bornhuetter-Ferguson claims reserving method ASTIN Bulletin 41/2, 279-313

England, P.D., Verrall, R.J., Wüthrich, M.V. Bayesian overdispersed Poisson model and the Bornhuetter-Ferguson claims reserving 
method

Annals of Actuarial Science 6/2, 258-283

Wüthrich, M.V. Challenges with non-informative gamma priors in the Bayesian ODP reserving modelInsurance: Mathematics and Economics 52/2, 352-358


