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1.(54)
AfRr 2 P AT % Tl

Cumulative Loss Payments

ACE;Zi“t 12 Months 24 Months 36 Months
2016 5, 000 8, 000 10, 000
2017 5,500 8, 400
2018 6, 000

Bkt ER K BEE BT R AF 366 AL HFE -

(1) 3~ 44 * loss-ratio based payout factors * Benktander method 3% 2018 # &
zZ®iF & &3
(2) 344 AY 2018 #3+ % Benktander method % I = fp s 2 ¥ & & &% -

(3) Bk Var(U;) = Var(UF©) » 4 * Hurlmann Method #did¥ & % & | % & oo %
T oo m3tAY 2018 E A HpEE &
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Avg. Paid:

0-12 months = (5,000 + 5,500 + 6,000)/3 = 5,500

12-24 months = (3,000 + 2,900)/2 = 2,950

24-36 months = 2,000

U0 = 5,500 + 2,950 + 2,000 = 10, 450

P1 = 5,500/10,450 = 0.526; Q1 =1 - 0.526 = 0.474

P2 = (5,500 + 2,950)/10,450 = 0.809; Q1 =1 - 0.809 = 0.191
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Ist iteration ultimate losses

2017 = 10,450 x 0.191 + 8,400 = 10,400
2018 = 10,450 x 0.474 + 6,000 = 10, 950
2nd iteration ultimate losses

2017 = 10,400 x 0.191 + 8,400 = 10, 390
2018 = 10,950 x 0.474 + 6,000 = 11, 187

Total estimated Benktander outstanding losses as of December 31, 2018 =
10,390 + 11,187 -8,400 -6,000 = 7,177

(2)

3rd iteration ultimate losses from part A 2018 = 11,187 x 0.474 + 6,000 = 11, 299
4th iteration ultimate losses from part A 2018 = 11,299 x 0.474 + 6,000 = 11, 352
bth iteration ultimate losses from part A 2018 = 11,352 x 0.474 + 6,000 = 11, 377

Reserve = bHth iteration Ultimate minus paid = 11,377 - 6,000 = 5, 377

(3)

Z¥ =pl / (pl + /' pl) = 0.526 / (0.526+  0.526) = 0.420

RC = 7% x Rind + (1 - Z%) x Rcoll = 0.42 x11,400+ (1 - 0.42) x11,950 = 11,139
Reserve = Estimated Ultimate minus Paid = 11,139 - 6,000 = 5,139

[s2p 2]

W. Hirlimann Credible Claims Reserve: Benktander, Neuhaus and Mack
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BRABELTF T FA

e 3% 4 34 5 (Incurred Loss Ratio)

ACE;Zi“t 12 Months 24 Months
2015 0.225 0. 445
2016 0,425 0. 655
2017 0.413 0. 651
2018 0. 255

(1)# * Least Squares Method @3+ AY 2018 &+ 24 & 2 352 5 o

(2)iB3k A ' 2 @3 * Link Ratio Method # Budgeted loss Ratio Method - ok
AY2018 #7224 B 7 2 40 % & » bk 5 (1) ] AP E 5000 % 2 13 5 4k
(optimal )= /%

L2l
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x=0. 354, ¥=0. 584, x2=0. 134, xy=0. 216
b=(0. 216-0. 354%0. 584)/(0. 134-0. 354" 2)=1. 067

(2)

B i £ 5% Least Squares method. @ LS method % % Link Ratio Method % Budgeted
loss Ratio Method 2_4c4# » € & %] 5 b/c 2 (1-b/c) °

Zdp w1 4538 %% :b=1.067, c=0. 548/0. 354=1. 65,

Link Ratio Method # & =1.067/1.65=0. 647(# %+ (.5)

71t 4 * Link Ratio Method # Budgeted loss Ratio Method sn-T 35#kc Gt 7+ £ 5 i > 2 o



3. (54)
BREEE Y
5

A% & 4p % "FR500, 000~ 2 T - = fe 4 & *LFE250, 000~ 2 12-U1t %
24-Ult3p 4

= &7
B ¥+
Cum Incurred Losses(000)

Accident 12 Months 24 Months 36 Months
Year

2016 30, 000 66, 000 80,000
2017 33,000 72,000
2018 36, 000

AP B BEEE ME 24T

AY # RARH B=D% > CY& RABF E=0% 3 % & FF B IRjp Hcm o 2 AY2018#12 ~ 24 % 36%
B BT EdE & & 3R 4 %) 5 280,000 ~ 320, 000% 350, 000~ -



[%+5i%%]
AY TREND
2016 1.000
2017 1.050
2018 1.103
12 24 36
CY TREND| Months | Months | Months
2016 1.000 1.000 1.000
2017 1.000 1.000 1.000
2018 1.000 1.000 1.000
12 24 36
TREND | Months | Months | Months
2016 1.000 1.000 1.000
2017 1.050 1. 050 1. 050
2018 1.103 1.103 1.103
Unlimit |12 24 36
Mean Months |Months |Months
2016 | 253,853 | 290,118 | 317, 316
2017 | 266, 546 | 304, 624 | 333, 182
2018 | 280,000 | 320,000 | 350,000

Eg. for AY 2017, age 12 Months: 266546=280000%1.1/1. 21

L=500, 000, B=250, 000

LEV (L)

12
Months

24
Months

36
Months

2016

218, 439

238, 346

201, 676

2017

225,704

245, 614

2018

233, 050

Eg. for AY 2017, age 12 Months: 225704=266546*[1-(e” (-500000/266546)) ]




12 24 36
LEV (B) |Months [Months |Months
2016
2017
2018 | 165, 344 | 173,493 | 178, 660

Eg. for AY 2018, age 12 Months: 165344=280000*[1-(e" (-250000/280000)) ]

Finally, we can calculate C'

12 24 36
C Months |Months |Months
2016 22,708 | 48,042 | 56, 791
2017 24,175 | 50, 858
2018 25, 541

Eg. for AY 2017, age 12 Months: 24175=33000%165344/225704

Now, we calculate the LDFs:
LDFi: =(48042+50858)/(22708+24175)=2. 110
LDF2 =56791/48042=1. 182

LDFs to Ultimate
LDF2=2. 11%1. 182=2. 494
LDF2 =1. 182

@I |

Sahasrabuddhe : Claims Development by Layer



4. (3~)
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Cumulative Paid Losses

Accident
Year 12 Months 24 Months 36 Months 48 Months 60 Months 72 Months
2013 14, 000 18, 000 20, 000 21,000 21, 800 22,000
2014 13,000 20, 000 21, 800 22,000 23, 500
2015 12,000 18, 000 20, 500 22,500
2016 14,500 19, 000 22,000
2017 15, 000 22,000

2018 16, 000
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LDF
12-24 24-36 36-48 48-60 60-72
2013 1.286 1.111 1. 050 1.038 1.009
2014 1.538 1.090 1.009 1.068
2015 1.500 1.139 1.098
2016 1. 310 1.158
2017 1. 467
12-24 & 24-36
12-24 LDF 24-36 LDF Difference Squared
rank rank
4 3 1 1
1 4 3 9
2 2 0 0
3 1 2 4
S=1+9+0+4=14
Tk=1—(n*(n2_1)/6)
Te=1-(14/(4%15)/6)=-0. 4
24-36 & 36-48
24-36 LDF 36-48 LDF Difference Squared
rank rank
2 2
3 3
1 1
S=0
Ts=1-(0/(3%8)/6)=1
36-48 & 48-60
36-48 LDF 48-60 LDF Difference Squared
rank rank
2 1 1 1
1 2 1 1

S=1+1=2




Ta=1-(2/(2%3)/6)=-1

T=(-0. 4%3+1%2+(-1)*1)/6=-0. 033

VAR(T)=1/((6-2)*(6-3)/2)=0. 167

we use a threshold of 50% which is the percentile range [25% T75%]. Thus, the
confidence interval is

CI=(-0.67*%0.167°0.5, 0.67%0.167°0.5)=(-0.274,0.274)

The test statistic T= -0.033 is within the confidence interval. Therefore, we do
not reject the Null Hypothesis that the adjacent LDFs are uncorrelated.

@I |
Mack(1994) : Variability of Chain Ladder Reserve Estimates

10



5. (54)
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Cumulative Paid Losses

Accident
Year 12 Months 24 Months 36 Months 48 Months 60 Months 72 Months
2013 12,000 20, 000 24,000 25, 500 26, 800 27,000
2014 18, 000 20, 000 25,000 27,500 29, 000
2015 12,000 18, 000 21,000 23,000
2016 15, 000 25,000 28,000
2017 10, 000 22,000

2018 15,000

11
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LDF
AY 12-24 24-36 36-48 48-60 60-72
2010 1. 667 1.200 1. 063 1. 051 1. 007
2011 1. 111 1. 250 1. 100 1. 055
2012 1. 500 1. 167 1.095
2013 1. 667 1. 120
2014 2.200

Rank columns, calculate z=min(S,L) for each diagonal

AY 12-24 24-36 36-48 48-60
2010 * L S S
2011 S L L L
2012 S S *

2013 L S
2014 L

(E4-2010 AY 12-24 485 L = 2013 AY 12-24 4R 5 %2 2 - 5 % %

rb

]

Diagonal n m Cn E[zn] | Var[zn] Z
1 0 0
2 2 0 0.5 0.5 0.25 1
3 3 1 0.75 0.75 0.188 1
4 4 1 0.75 1.25 0.438 2
5 3 1 0.75 0.75 0.188 1

T RETRIEA)

Sum of E[zn]=0.5+0. 75+1. 25+0. 75=3. 25

Sum of Var[zn]=0.25+0. 188+0. 438+0. 188=1. 064

Z=1+1+2+1=H

The Confidence Interval is 3.25+ 1.645 * /1.064=(1.55,4.95)

Since Z=5, and it is not within the confidence interval, there are calendar year
effects in the triangle.

[f2 P 5]
Mack(1994) : Variability of Chain Ladder Reserve Estimates

12



6. (34)

Bk A Rrg o P20 2018 & KA 4o

Fitted Paid

Accident On-Level Cumulative
) ) Emergence
Year Premiums Paid Loss
Pattern

2015 2,500, 000 1,500, 000 5%
2016 2,800,000 1,000, 000 50%
2017 2,600,000 450, 000 25%
2018 2,800,000 150, 000 8%

Parameter standard deviation=800, 000
Process variance/mean scale parameter(§2)=50, 000

(1) 34 * Cape Cod method 3 & A H'& = 73 2018 & A2 pAc# % £ - (5 4)

(2) 3 E 5 (D) i & £ 2 84218 X (process standard deviation) » (1 &)

(3) 38 5% (1) Mg £ 2 B4R % 4 (total standard deviation)* % £ ik
(coefficient of variation) o (2 &)

13
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Total Premium*G(x)

=2, 500, 000%0. 7542, 800, 000*0. 5+2, 600, 000%*0. 25+2, 800, 000*0. 08=4, 149, 000
Total Loss

=1, 500, 000+1, 000, 000+450, 000+150, 000=3, 100, 000
ELR=3, 100, 000/4, 149, 000=74. 7%

Accident Expected |Expected
Year Premium Ultimate |Emergence| Reserve
2015 2,500,000 1,867,500 25% 466, 875
2016 2,800,000 2,091,600 50% 1, 045, 800
2017 2,600, 000| 1,942,200 5% 1, 456, 650
2018 2,800,000 2,091,600 92% 1,924, 272
TOTAL 4, 893, 597

Eg. 2018: 2,800, 000%0. 747=2, 091, 600; 2, 091, 600%0. 92=1, 924, 272

(2)
Process Variance =50, 000%4, 893, 597
Process Stdev=(50, 000%4, 893, 597)"0. 5=494, 651

(3

Total Var = Process Var + Param Var

Total Var =800, 000°2+494, 6512

Total Stdev=(800, 000" 2+494, 651°2)"0. 5=940, 574
CV=940, 574/4, 893, 597=19. 2%

[3Ep i)
Clark : LDF Curve-Fitting and Stochastic Reserving

14



7. (24)
FiEdp T AIF R E E R AL

Selected Coefficients of
Variation(CoV)
Portfolio Length of Outstanding

Portfolio Size Claim Run Claim L?;ETi?Ty
($000,000) Off(in years) Liability
A 200 20 8% y
B 800 20 X 10%
C 800 3 5% 4%

Event risk # &% * 2 4 jg

A WE € x %y @ ¥ikdy internally benchmarking independent risk #wiip # &
;E_’_Iri o

15
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Sample Answer 1

Since Portfolio B has a very long claim run-off time, the Premium Liability COV
should be higher than the OCL COV. Moreover, Portfolio B is larger (in size) than
Portfolio A, which is also having the same length of claim runoff years. Thus the
OCL COV for A i1s larger than the OCL COV for B.

8% > x, 10% > x

In addition, OCL COV for B is longer than OCL COV for C, since they are the same
size, and C has a much shorter runoff time than B

X > 5%

Select x = 6%

Sample Answer 2

8% — since the tail of claims matches A (C is a lot quicker, so lower CV), it
would be an appropriate CV to account for the uncertainty.

y:

Sample Answer 1

PL COV(A) > PL COV(B) (since A is smaller than B, but with the same runoff
period)

PL COV(A) > OCL COV(A) (more uncertainty for PL in long tail lines)

Y > 10% select y = 12%

Sample Answer 2

A has smaller size & longer runoff length than C that y should definitely be
higher than 5%. Smaller book + same runoff length than B , y should be higher
than 10%

[ choose y to be 11% because 1t is longer tailed & smaller sized

Sample Answer 3

Y = 10% because this matches portfolio B which has a similar claim runoff length.
Premium liability is risk that premiums written will not cover losses, and these
two appear to write similar length (likely liability) coverage.

[s2p 2]

Marshall : A Framework for Assessing Risk Margins

16



8. (24)
PP £ * Over-Dispersed Poisson Bootstrap Model P # % erdfd 3l iF AL » & 44415 — 1
MRS - B R4S 5o

[
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Sample Answer 1

1. Negative incremental value: limit incremental losses to zero

2.Missing values/incomplete data: estimate missing values using surrounding
values

3. Heteroscedasticity: stratified sampling is accomplished by organizing the
development periods by group with homogeneous variance within each group and them
sampling with replacement only from the residuals in each group

4. Exposures that have changed dramatically over the years: modify data to get
pure premiums and multiply the residuals by the exposures by year after the
process variance step

Sample Answer 2

1. Non-zero sum of residuals: add a single constant to all residuals so that the
sum of the adjusted residuals is zero

2.0utliers/extreme values: exclude outliers from the average age-to-age factors
and

residual calculations, but re-sample the corresponding incremental when
simulating triangles

3. Heteroecthesious data/misshapen data/partial year/interim evaluation dates:
project future incremental values before applying model; need to annualize then
de-annualize results

4.Lack of residuals to sample from/lack of extreme residuals: need to
parameterize a distribution from which to sample from

(CLIEREIY-) |
Shapland, M., “Using the ODP Bootstrap Model: A Practitioner s Guide” CAS
Monograph Series, Number 4.

17



9. (34)

AR >3 78 %' 2018 F & RREA 2018 &2 KT 40T

® AY 2018# = WpEik:2p H ~

2018 %¥pixy 83 4 ~

A 4T AR A 51 60%

12-247% * 4F 4 % B 7]+ :2

12-B %3 4 % B F]+ :2.5

(1) 34 % Chain ladder method, Bornhuetter-Ferguson method, Benktander method
FEAY 2018 EH ML £

(2) 335 AY 2018 #2019 &£ 2 & H4F 28 & » & 7 AY 2018 &+ 2019 & Aps >
Benktander ﬁnﬁ*‘?%?ﬁ &3t @ Bornhuetter-Ferguson & % paiciz+@E % 120,000 ~ >
Bk 44 FTERF())

18
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CL: 2, 000%2.5=5,000(K)

BF: 2,000+(1-1/2.5)*8, 000*0. 6=4, 880(K)
Benktander :

q=1-1/2.5=0.6

Ra=0. 6%4, 880=2, 928

Ue=2, 000+2, 928=4, 928(K)

(2)

Let x= paid loss in 2019

24-Ult LDF=2.5/2=1.25

Usr=(2, 000+x)+(1-1/1. 25)%8, 000%*0. 6=2, 960+x
[this is the losses at age 24 + expected losses * %unreported ]

RGB:C[kUBF

q=1=1/1.25=0. 2

Re=0. 2%(2, 960+x)=592+0. 2x

Use=(2, 000+x)+(592+0. 2x)=2, 592+1. 2x

Ucs=Uer+120

2,592+1. 2x =2, 960+x +120

x=2, 440(k)

[P 4]
Mack(2000)Credible Claims Reserve: The Benktander Method

19



10. (3 ~)
R ApR F AT
Return on equity (ROE): 10%
Book value growth rate: 5%
Discount rate: T%
BN tEIEAR T EFE S AERE -
2018 # & 3% = @ book value % $1, 000, 000.
(1) #* price-to-book value ratio &%= @73t 2018 & K2 % & o
(2) spiedzpt i ROE ~ Book value growth rate # Discount rate 2 #icig » (% Bk gLt #i
EARFFARFARPZT 0

20
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/BV=1+[ROE -k / (k -g)]
1+ [C0.10 - 0.07) / (0.07-0.05)]
2.5

BV=1, 000, 000 * 2.5 = 2,500,000

-

(2)

[t is not likely that the company will continue to see abnormal earnings
indefinitely since as you continue to earn profit, this will attract more
suppliers and prices will drop to remain competitive. This would lower the return
until no abnormal earnings exist and returns are as expected. (Note that abnormal
earnings 1s meant to represent earnings more than you your discount rate, your
expected return)

21



11. (5 #)
Best =+ @ 2019 & & ¢t & B & ¥ P2~ w3 * Chain Ladder ~ Bornhuetter-Ferguson %
Benktander = &> /2 G35 ¥ 23> £ AN H0pHF~ 6907 ~% 13078~
FRZAHERED G (a priori estimate) B ¥ AR5 5 9 FHFEI B A o

22
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Ugs = (1-gx) UcL + gk Ur
= (1-q*) Ucr + qi® Uo
735 = (1-qx)*750 + qx*690
gk =0.25
Ck =UcL (1-qx) = 750-0.75 = 562.2
735 = (1-0.25%)750 + 0.252 Uo

Uo=510

[f2p 3 &])] Mack, T. “Credible Claims Reserve: The Benktander Method,”

23



12. (2 %)
#f4 i Benktander /# 4p #3* Chain Ladder # Bornhuetter-Ferguson = &3 i2 ¢hi & if
BEGLBEE - 5E o

24
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The mean squared error(MSE) of the Benktander reserve was almost as small as the MSE

of the optimal credibility in most situations.

ERE L) L
As different actuaries may select a different Uy, they may have materially different estimates

of the unpaid losses.

[P 21 A&) Mack, T. “Credible Claims Reserve: The Benktander Method,”

25



13. (5 %)

RPpTIF R

LAER| BPSEY | AEER | 2 R | AERE | ERFuB
Accident | Earned Risk | Adjusted ] Case Aggregate
Year |Pure Premium | Premium Paid Losses Reserves | Reported Loss Lag
2015 35 39 25 3 95%
2016 37 40 28 ) 85%
2017 40 43 18 9 75%
2018 42 46 8 15 60%
2019 48 48 5 10 40%

(D)3 Stanard-Buhlmann i2 3 3 A4RpEZE# £ -

(2)3 5 Patrik » 3P Stanard-Buhlmann /2 4p #** Chain Ladder # Bornhuetter-
Ferguson = &= 2 ¢hi & £I37%2 1 L P4 & - 7 o

26
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(1)
ELR = (25+3+28+5+18+9+8+15+5+10) / (39:95%+40-85%+43:75%
+46°60%+48-40%) = 83.94%
IBNR = 83.94%*(39+(1-95%)+40+(1-85%)+ 43-(1-75%)+ 46+ (1-60%)
+48:(1-40%))=5532 (7 § ~

(2) EEEAPH
It incorporates reported loss into the estimation of expected ELR.
ERE ) A

It is not clear how to adjust ELR to a prior estimate for each year.

[z P 41 4&]) Patrik, G.S., “Reinsurance,”

27



14.(2 %)

PR T AF R

wE &R w3 (FE~) S AERA (FE )

Policy Year | 18 months | 27 months | 18 months | 27 months
2016 315 320 230 255
2017 360 365 255 280
2018 405 420 300 335
2019 410 435 310 345

Gt 5 % - s w#A & PDLD ratio (premium development to loss development ratio for the first

retro adjustment) °

28
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FHER (D&% (2)= 3®p2d | B)=(1)/(2)
Policy Year 0-27 0-18 PDLD ratio
2016 320 230 1.391
2017 365 255 1.431
2018 420 300 1.400
2019 435 310 1.403
Average 1.406
Witd Avg 1.406

[42p &) Teng, M.T.S.; and Perkins, M.E., “Estimating the Premium Asset on

Retrospectively Rated Policies,”

29



15. (3 %)

S g TN R R PR A

(D3 330 £ % % pp474F %48 B (clain report lags)i ¥ #o it 4 £ R ] -

(DF fut 2581 7% 4 = ez F BE ¥ RR TG L 5 ek 7
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Primary carrier may not see potential for a claim to be come large, and may not notify reinsurer
promptly.

Longer reporting pipeline. The claim has to be processed by the primary carrier, go through the
reinsurance accounting system, then be reported to the reinsurer, and enter his system before the
claim is recognized.

Some mass tort claims have extreme delays in discovery and in recognizing liability.

)
Tendency for primary carrier to underreserve ALAE.
Economic and social inflation have a larger impact on losses in the excess layers then in the primary

layers.

[z P 41 4&]) Patrik, G.S., “Reinsurance,”

31



16. (3 %)

RPpTIF R

YL L % 5 T5Y -

RER | EP R | ¢ deHk B #Eii\férﬂ
2015 5000 3350 12-24 3.50
2016 5200 3640 24-36 2.00
2017 5500 3795 36-48 1.10
2018 5800 4350 48-60 1.05
2019 6100 4880 60- 5 1.00

(1)3# 14 Bornhuetter-Ferguson i# 3+ & pe 2 # % £ o

(DF (1) E % 5 A#F > %4 5 Benktander /2 2. B3 H £ o

32



[%42%]
1) (2) @) |(4)=1-1/(3) |(5)=(1)*75%*(4)|(6)=(2)+(5)|(7)=(6)*(4)
shEp Age-to
AR | © HEsAc | Ultimate (o] Rer Usr Ree
LDF
2015 5000 3350 1.000 0.0000 0 3350 0
2016 5200 3640 1.050 0.0476 185.64 3825.64 182.10
2017 5500 3795 1.155 0.1342 553.58 4348.58 583.58
2018 5800 4350 2.310 0.5671 2466.89 6816.89 | 3865.86
2019 6100 4880 8.085 0.8763 4009.07 8889.07 | 7789.49
Total 12421.03
[5 P 21 &) Mack, T. “Credible Claims Reserve: The Benktander Method,”
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17.(2 %)

ixy% Siewert, "A Model for Reserving Workers Compensation High Deductibles" - “,f i
% 5% (loss ratio approach)*t » & 3 B & G3F AN % o

(D310 3 8 = g 3% -

(D& 4D 7)1z 5 % > 34 Bl M Bt 4 52 BBk s 4B & - o o

34
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(1) Implied loss development
Direct loss development

)

Implied loss development advantages:

1. Provides an estimate of excess losses at early maturities even when excess losses have not
emerged.

2. Development factors for limited losses are more stable than those determined for losses above the
deductible.

3. Estimating deductible losses helps determine the asset represented by revenue collected from the
application of a loss multiplier to future losses.

Implied loss development disadvantage:

Does not explicitly recognize excess loss development

Direct loss development advantage

1. Explicitly focuses on excess development.

Direct loss development disadvantages

1. Factors tend to be quite leverages and extremely volatile, making selection difficult.

2. If excess losses have not actually emerged at any particular stage of development, it is not
possible to get an estimate of the required liability.

[42 P ] Siewert, "A Model for Reserving Workers Compensation High Deductibles"

35



18. (3 %)

PR T AF R

Unlimited Reperted Losses £pE- I E~
7B
B ER
12 24 36 48
2016 300 780 1170 1404
2017 380 1064 1596
2018 410 1230
2019 450

Excess Reperted Losses

HE
RaER
12 24 36 48
2016 6.4 32.0 64.0 96.0
2017 7.6 45.6 91.2
2018 9.4 75.2
2019 10.0

B PR AT R U E R B K AT RB AR (excess losses) 0 FR 4% * Direct development approach

Implied development approach = &= 23+ & % % L §f -
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Direct development approach:

12-24: (32+45.6+75.2)/(6.4+7.6+9.4)=6.530
24-36: (64.2+91.2)/(32.0+45.6)=2.000
36-48: 96.0/64.0=1.5

2016: 96.0

2017:91.2*1.5=136.800
2018: 75.2*2.0*1.5=225.600

2019: 10.0*6.53*2.0*1.5=195.900

Total=654.300

Implied development approach:

Limited Reperted Losses E T
wE
LhER
12 24 36 48
2016 293.6 748.0 1106.0 1308.0
2017 372.4 1018.4 1504.8
2018 400.6 1154.8
2019 440.0

12-24: (748.0+1018.4+1154.8)/(293.6+372.4+400.6)=2.739
24-36: (1106.0+1504.8)/(748.0+1018.4)=1.478

36-48: 1308.0/1106.0=1.183

2016: 1308.0

2017: 1504.8*1.183=1780.178
2018: 1154.8*1.478*1.183=2019.138
2019: 440.0*2.739*1.478*1.183=2107.191

Total=7214.507

Unlimited Reperted Losses
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12-24: (780+1064+1230)/(300+380+410)=2.82
24-36: (1170+1596)/(780+1064)=1.5
36-48: 1404/1170=1.2

2016: 1404

2017: 1596*1.2=1915.2

2018: 1230*1.5*%1.2=2214

2019: 450*2.82*1.5%1.2=2284.2
Total=7817.4

Excess Losses = 7817.4-7214.507 = 602.893

Difference = 654.3-602.893 = 51.407

[42 P &) Siewert, "A Model for Reserving Workers Compensation High Deductibles"
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19. (6 %)

FP 338k * Over-dispersed Poisson bootstrap HoZ| s # € 18 I «hF #3RAL - ¥ 33t &
R T Y 2 E R
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Sample Answer 1 :

*  Negative incremental value: limit incremental losses to zero

*  Missing values/incomplete data: estimate missing values using surrounding values

*  Heteroscedasticity: stratified sampling is accomplished by organizing the development periods
by group with homogeneous variance within each group and them sampling with replacement
only from the residuals in each group

*  Exposures that have changed dramatically over the years: modify data to get pure premiums and

multiply the residuals by the exposures by year after the process variance step

Sample Answer 2 :

*  Non-zero sum of residuals: add a single constant to all residuals so that the sum of the adjusted

residuals is zero

Outliers/extreme values: exclude outliers from the average age-to-age factors and
residual calculations, but re-sample the corresponding incremental when simulating triangles
*  Heteroecthesious data/misshapen data/partial year/interim evaluation dates: project future incre

mental values before applying model; need to annualize then de-annualize results

Lack of residuals to sample from/lack of extreme residuals: need to parameterize a distribution f

rom which to sample from

The following data issues/adjustments were also accepted:

*  Negative incremental value: remove the row from the triangle if it is causing extreme results an

d doesn’t improve the parameterization of the model; use -

In(abs(q(w,d))) for q(w,d)<0, when total of all incremental values in a development column is
positive; when column(s) sum to a negative value, add the absolute value of the largest negative

(either among the sums of development columns or incremental values in the triangle) to every
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incremental value in the triangle, solve the GLM, and reduce each fitted incremental value by
the largest negative; when simulating from a negative incremental value m(w,d) using the
gamma distribution: use Gamma(abs(m(w,d)), phi x abs(m(w,d))) + 2 x m(w,d),

since this will have mean m(w,d) while remaining skewed to the right; discussion in 4.1.1

contains other alternatives

Missing values/incomplete data: modify loss development factors to exclude the missing value
(in which case there will not be a corresponding residual for this missing value)
Outliers/extreme values: remove them and deal with them like missing values; exclude outliers
from the average age-to-age factors and residual calculations, but re-sample the corresponding
incremental when simulating triangles

Heteroscedasticity: sort development periods into groups with homogeneous variances, multiply
each residual in each group by a hetero-adjustment factor (max(st.dev.(ri))/st.dev.(r1)),

sample with replacement among all residuals, and divide each residual by the hetero-

adjustment factor when the residuals are resampled

[42 P &) Shapland, M., “Using the ODP Bootstrap Model: A Practitioner’s Guide”

41



20. (5 ~)

Ry ™ 5 g 2 P83 12/31/2018 3 0 2 FALw § 7 IR AL

Calendar/A Chain
ccident | Earned Risk Pure Adjusted Aggregate Reported Ladder
Year Premium Premium Reported Loss Lag IBNR
2014 13,300 13,900 10,000 95% 500
2015 14,000 14,500 8,500 86% 1,500
2016 15,500 15,800 8,000 75% 3,000
2017 16,000 16,300 6,200 65% 4,500
2018 17,200 17,300 5,800 50% 7,000
R 76,000 77,800 38,500 16,500

(D34 * Standard Buhlmann = iZ3-& #r5 & *F & & 2 IBNR °
(2)34 Bl4g it £ % 4 4 * Standard-Buhlmann = ;2 3+ % IBNR 2 ifghez 4k gk o
(3)7# * credibility-weighted estimate 7= j2 % £ chain ladder i

Standard-Buhlmann ;# 3+ & IBNR > # ¢ chain ladder i# e credibility factor % 0.8
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\“?{I:-

(1) SB ELR = 38500/(13900%95%+14500%86%+15800%75%+16300%65%+17300%50%) =
67. 82%
SB IBNR = 67.82% * (13900%5%+14500%14%+15800%25%+16300%35%+17300%50%) =
14, 263

(2) gl @ g% F R4 TR E ELR > @ 4o BF 2 4% % 4 g2 ¥r o
B EBEEEDRG BB DR TR -

2014 13,300 13,900 10,000 95% 500
2015 14,000 14,500 8,500 86% 1,500
2016 15,500 15,800 8,000 75% 3,000
2017 16,000 16,300 6,200 65% 4,500
2018 17,200 17,300 5,800 50% 7,000
RE 76,000 77,800 38,500 16,500

(3) Credibility-weighted IBNR =(0.8%95%*500+(1-0. 8%95%)*471+0. 8*86%*1500+(1-
0. 8%86%)*1377+0. 8*T75%*3000+(1-0. 8*75%)*2679+0. 8*35%*4500+(1-
0. 8*35%)*3869+0. 8%50%*7000+(1-0. 8*50%)*5866)

= 15,19

[32p 2]

Patrik, G.S., "Reinsurance," Foundations of Casualty Actuarial Science (Fourth
Edition), Casualty Actuarial Society, 2001, Chapter 7, pp. 434-464 (section on
Reinsurance Loss Reserving)
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21. (5 #)
Py T3 2018 #2 FTaw T AR AL

(1) 17 3 (4) (3) ) ] (8 |91 = (1] ELR " 'B}
YEGR
(on-lavel Age at Average  Growth _ ., - ELR= =0022-
RAFE  amed 12312015  Age  Funcion ) () BREER e @ RisAfER
premum)
2016 20,000 36 30 7050% 15900 10,500 12.7% 1628
2017 18,000 24 18 6050% 10880 6,500 31.7% 3658
2018 17.000 12 6 1500% 2,550 1,800 17.2% 8412
25 55,000 29,340 18800 64.1% 13,698

4R A BB A 2 R BcE % X (parameter standard deviation) & 800
B

R ERZEHIE L F
G|, 0)=x"/(x"+6")

s growth function 2

XFEELAFIPIFRP LK

w=1.956, O=I5. 286,

loglogistic function

2
F4HE 2 % E 2 1345 over-dispersed Poisson 4 fic » # ¢ scaling factor ¢ =9

(D##* Cape Cod i » #1237 # 5 truncation point g B4 ¢ #7F & & R 2 A HE

3.
NI

@4
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(1)z2. & i P2 it % X (standard deviation)




Growth function for truncation = x° / (x® +@ ©) = 54"°%° / (54'9°° +15.286"' %) = 0. 929

(2)Process variance = Mean * ¢ "2 = 13698 * 9 = 123, 282

Total Variance = Process variance + Parameter variance = 123282480072 =
763, 282

Standard deviation = (763,282) (1/2) = 873.7

(1 [l ] 4 (=) A il 3] [#} = (11" ELR " {A]
FREFRR
-lzval Age gt Average  Growlh ELR= =0.22-
wpnsg =(1)*04) DREER R
" garmed 12312015 Age Funiction (Mo =8 =3 {4 A 1
ErEmium;
2016 20,000 K] 30 TES0% 15800 10,500 12.7% 1628
2017 16,000 24 18 GDG0% 10,680 E,500 NT% 3558
2018 17,000 12 B 15.00% 2,550 1,800 Fri% B4z
| 4 ] 55,040 29,540 16,800 BAi% 13,696
(CENEIY) |

Clark, D.R., “LDF Curve-Fitting and Stochastic Reserving: A Maximum Likelihood
Approach, ”
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22. (3 ~)

FRIR T RG  F 2 443 T30 0 % abnormal earnings valuation model 3t & o &%
1/1/2017 2. % &

2017 2018 2019
%?J]Bii:ﬁﬁ 1,000,000 1,080,000 1,190,000
(Equity)
AR 150,000 166,000 183,000
(Net Income)
FRIXRA
60,000 66,000 73,000
{Dividend) ’ ! !

e if iz equity market risk premium
o &k ' f|F (risk-free rate) = 2%
e B2 beta (B) =1.2

8%

o @3 M4F P w2 % payout ratio = 60%
o Fx % CAPM /&2 b *& 24 B {6 2. 37 5 (risk-adjusted discount rate)

o {3k abnormal earning 4 P FEHH 2 {5 gik & ToT % T 2024 #pEE L F
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[%+i2%]
Required return = 2% + 1.2 * 8% = 11. 6%

Abnormal earning in 2017 = 150,000 - 11.6% * 1,000,000 = 34, 000
Abnormal earning in 2018 = 166,000 - 11.6% * 1,090,000 = 39, 560
Abnormal earning in 2019 = 183,000 - 11.6% * 1,190,000 = 44, 960

abnormal earnings .
9 PV of abnormal earnings

F ik EERENEM

2017 34,000 =34000/(1.116)*1=30466

2018 39,560 =39560/(1.116)*2=31763

2019 44,960 =44960/(1.116)*3=32347

2020 = 44960 * 4/5= 35,968  =35968/(1.116)*4=23188

2021 = 44960 * 3/5=26,976  =26967/(1.116)*5=15578

2022 =44960*2/5=17,984  =17984/(1.116)*6=9309

2023 = 44960 * 1/5 = 8,992 =8992/(1.116)"7=4171

2024 0 0

o 146,822
RIE T, B2 1,000,000
nRHEA 1,146,822
[220 & Ae]

Goldfarb, R. "P&C Insurance Company Valuation, "
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23.(3 #)
ix B Sahasrabuddhe = & ¥ #1if2. 2% » 3 14T A{rB A
size model parameters ™ % 7 & ehs AR B L A H

= & f7 3f = Exponential claim

ERHE
Actuary 1 2 3 4 3
A 30, 000 120, 000 163, 000 195, 000 205, 000
B 23, 000 65, 000 95, 000 115, 000 120, 000

B B EF3ars claim size model FE & R A H B FlF 0 T ikdp A g B AR R RTR R
BE e AR R B F1F &% weighted-average link ratio #2473 # B ¥ B #r3- &
M2 AAFOTFHEEFIFEFT o

(Dgsip vi— o B EFaf o cn R F4E % 5 B 715 e AR F2L 8 B R R 750 7
e ihclaim size parameters 3t H-kt ) endp £ 3 B a7t B0 A g % o
(DFHMBFvea BHBFENNER LSRR AL FE T BT EADE L F

I E SR
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[+ 2%]
(DM EEF A e & magd < » & p 3 claim size parameters #& =< » F]i&*%
FIEIT A TRRATF S R o AT A RRE T R ?r'—r)\ ~HEE ﬁ
(2)% BRI 45 B AET
* 3K 7* B ioclaim size model 74 fie > b4 gamma % pareto
X 2R PER AT OEK -

£ Ff e
X

o

(220 )R]
Sahasrabuddhe, R., "Claims Development by Layer: The Relationship between Claims

Development Patterns, Trend and Claim Size Models"
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24 (3 4~)
P 3 * non-parametric smoothing model i {7R&#x run-off pattern ¢ iz ficds *
parametric curves model 7 i gk o
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b am AL
e
Moments beyond the first 2 moments can be estimated for the loss distribution

[
1

~ \\\?{r

(
SO

1t can produce full predictive distribution.
(2) Non-parametric models can handle negative loss development such as salvage
and
subrogation. Many parametric models do not support negative loss development.

[f2 P ]

Verrall, R.J., "Obtaining Predictive Distributions for Reserves Which Incorporate
Expert Opinion," Variance, Vol. 1, Issue 1, 2007, Casualty Actuarial Society.
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25 (2 4)

B FF fsE = SE% chain ladder model P 0 & g1t T 2 AR

% Over—-dispersed Poisson
* Over-dispersed Negative Binomial

% Normal

FH2016 Lt ERZIFAFET 122 = 60,000
4 chain ladder model g &= 2016 # &+t # Rz 42 # B 1 24 & * = 80,000

(DRgpm T2 452 cpedrd] 32 2016 FRA4MERZFAFEL 24 B 283 8K

(variance) °

Over-dispersed Poisson model ; ¢=1.5
Over-dispersed Negative Binomial model ;5 ¢ =1.2b
Normally distributed model ; ¢=1.75

(2)# & 7 B4 * &2 chain ladder /2 7 A i@ B2 #03] » F3p 10t = BHAIIBGE * -

52



\\\?{r

TiEE]

(1)0ver-dispersed Poisson model : 80000%(1/1-1/1.5)*1. 5=40, 000
Over-dispersed Negative Binomial model : 1.25%(1.5-1)%*1.5%60000=56, 250
Normally distributed model : 1. 75%60000=105, 000

(2)* Negative Binomial : # 2> ;%2 chain ladder #udxiT
* Normal : H #F § ey 5 o fie £ 45 (~o0, +00)

[3Ep i)
Shapland, M.; and Leong, J.W.K., "Bootstrap Modeling: Beyond the Basics,"
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26. (3 ~)
FRBETERY S22 e 8 92 T 38 Retrospective premium asset ©
M % = 1 retrospective adjustment 4 B #cdy -

Refro Adjustment Period % Loss Emerged Loss Capping Ratio

F— 78% 0.92
- 25% 0.75
= 8% 0.56

e Basic premium factor = 0.2b
e Loss conversion factor = 1.3
e Tax multiplier = 1.05

e ¥ unlimited loss = 300, 000
o FRHPAFA F = TH%

o PpwtE t2 &%= 350,000

P P2

o BHAF EPiF'RE e EFTH - & retro adjustment
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(%3 72%]

Cumulative capping ratio = T8%*0. 92+25%*0. 7T5+8%*0. 56 = 95%
Capped loss = 300, 000%95% = 285, 000

Standard premium = 300, 000/0. 75 = 400, 000

Premium asset = (0.25%400, 000+1. 3%285, 000)*1. 05-350, 000 = 144, 025

[H2 P ]

Teng, M.T.S.; and Perkins, M.E., "Estimating the Premium Asset on Retrospectively
Rated Policies," (¥ )

55



27.(2 ~)

R o az o 2 ERM 3+ & (Enterprise Risk Management Program) @ #p 2+ 3 £

u—r;fz-.]v} .

(1) & 7 G b G frbdith &

(2) ERM %s‘f #gO aF B D B F g o FI%e IR RS F AR ()

(3) ERM# A A4 EH 275 f o BPLHRER > Tk FRS % BRI H L7 5 2

E

4) Flod ki R EafafcB Arafz ¥50 > &3 A¥asrw

ey R Fpt > PRz A 2 ERMAI AR - e s
(5) ERM 3+ % -z Hp k4R -

ﬂ%ﬂ?“KF’“?fﬂvTF%
LR

HE P s gk ERNE 4 2 ek a
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(1) 2 ERM+ 4 F € 2P Benh'g > @ FRES 9\4,3 ek o
(2) 24 TR 2P T 1P B FRATR %

- 8h

(1) B8 R'Golhod Eh'e ~ Kvih'es e~ T8 @ FMERM & (it 2 -

(2) %*“?Eﬂﬁmrif‘ Bk FYE RPN EERB P ES L HB¢ -
(3) FEGBIBAGAPEFAAMY > £225 Bihz RN 4 ¥ K G EyFns 2
P

CLERNEE P

[s2p 4]

International Actuarial Association, "A Global Framework for Insurer Solvency
Assessment," a research report of the Insurer Solvency Assessment Working Party,
2004, Chapters 1, 2, b, 7, 8, and 9; Appendices B, D, E, H, and I.
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28. (3~ )

FRBEUTERGLIEFZFE ST E TR

ERERZ RITESSTE

HRE BF aieme mamarsx
fEA ] B8R 45000 030%
&8 3 BBB 157.000 0.30%

Bk B R RACT A

%+

F

% 2_ correlation coefficients

(D) Famz B SBRFLEMM2GY R % -

(2) BkA FERp - BHEEA G- kp IR

AE e

7:?%
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[%%72%]

(1) * Default risk: ¥ i & §ff 8 7 4 BF» R 2R 'E -
% Downgrade risk: Vi FIF A #F FA AL piga R HgF 72 A" 4
B g T o

k BYOBRG I EHFTNNRGEERLGE XY SR TTF o
(2) BXAfeBkp - BgEA > Fetgp 22301 F 2 F £=45,000+157, 000=202, 000

(529 4]

International Actuarial Association, "A Global Framework for Insurer Solvency
Assessment," a research report of the Insurer Solvency Assessment Working Party,
2004, Chapters 1, 2, 5, 7, 8, and 9; Appendices B, D, E, H, and I.
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29. (6 4)
FH4R I 12/31/2015 % b 22 T4t > & & Sahasrabuddhe = F # #1if2 22 > ME ¢ E R

2015 # e AR L A, 2 e %}‘iiﬁi FEZ &, 374 £ M E g basic limit of
loss

BB R
| AEE 12188 2488 3618 8 488 A
2012 333,000 §12,000 650,000 700,000
2013 314,000 570,000 600,000
2014 352,000 640,000

2015 365,000

P2 dpA g Bz &2 99 unlimited basis

tunlimited basis T > fr& 2 4p 4 & EAR$ 5 & & 4%

Basic Limit = 50, 000

Exponential distribution ¥ /2% &IZREIF 4 Fm™ > $30 L b &2 & 2010 22 p 4 B 8
A4 ™2 unlimited claim size mean -

12 24 36 48
Unlimited Claim Size Mean 36000 57000 44000 72000

Mean of exponential distribution: &
Variance of exponential distribution: 6 "2

—k
Limited mean of exponential distribution at limit K: 6(1—e%)
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[%5i%% ]
Triangle of Trend Triangle of Trended €

| BAFE 12488 24188 3618 A 4818 A | #AsE 1288 2418 8 3618 8 IR
2012 1.000 1.040 1.082 1.125 2012 32,004 50,673 56,896 64,008
2013 1.040 1.082 1125 1.170 2013 33,284 52,700 59,172
2014 1.082 1.125 1170 1.217 2014 34,615 54,808
2015 1.125 1.170 1217 1.265 2015 36,000 57,000 64,000 72,000

AY 2012 at 12 months = 36000%(1/1.125) = 32004
Limited Expected Value for basic limit

| BAFEE  12f8A 24188 36{8A 48188

2012 27,023 33,201 34,699 36,047

2013
2014
2015

|

= 36000%(1-e"(-50000/36000)) = 27023

AY Cumulative loss at basic limit cost level
2012 = 700, 000%(36, 047/64, 008) = 394, 215
600, 000%(34, 699/59,172) = 351, 845
640, 000%(33, 291/54, 808) = 388, 743
365, 000%(27, 023/36, 000) = 273, 983

(CENREIY) |
Sahasrabuddhe, R., "Claims Development by Layer: The Relationship between Claims

Development Patterns, Trend and Claim Size Models"
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