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1.(54)

fgs T Faw § TR

ZTEE (FEEER (S 000)
T 12 2 2
2012 2750 4250

2013 2700 4300
2014 2,900

5.100

G(xjw,0) = 1 - exp(-(x/6)")

w=1.5, 6=20

Deviation

(2)(3 #)

model 2_if # &

-
o

ole
— =
+3
A
D

7N
—t

Process st dev =

Ro? o =1/(n—p)T(c—p?*/u n=6 p=2+3=5
0 0
G(6)=1 - (620719 = 1515 oW Ut 2010, Ukt 2011
' Uk 2Ul2’ '
G(18)=.5742
G(30) = .8407

* Check if truncation is needed

[ ]
[ ]

Extend A out 3 years G(66) = .9975

G(66) 1s reasonably close to 1 and so the function does not need to be truncated
AY G(x) LDF=1/G(x) Ult=CumPdxLDF Reserve
2010 0.8407 1.1895 6.066.4 966.4
2011 0.5742 1.7416 7.488.7 3,188.7
2012 0.1515 6.6007 19.142

16.242

20,397.1

b E BRI 2 45 4 8 E (growth function) s Weibull function 2 4j5%:
(D2 #)

sk LDF 23+ 8 &oh# & 2012 # 3] 2014 # g% % % £ 2 Process Standard

A A F B # &R & Y normalized residuals > ¥ 4345 0t B1A5 P 32 * Weibull



avg age: (6) (18) (30)
expected 12 24 36
10 919 25643
11 11345 3165.5 | 1995.7
12 2900 | 8091.3 5101.3
1= [G(y) - G(x)] Ult AY

1995.7 = (.8407-.5742)(7488.7)

actual
10 2750 1500 850
11 2700 1600
12 2900 ~4300-2700
— 2 - 2
o3=1/(6-5)< [l SIS ] = 7387.84

process standard dev = VRa? =+/7387.84 * 20397.1 = 12,275.607

(2)
e=(c—p)/yno"2

6 18 30
0.7027 -0.245 -0.222
0.5407  -0.324 1
(850-
0 1616.7)/(7387.4%1616.7)"0.5

0.8
0.6

0.4

3 -0 =

0.2

'—tlE—ls @ ® norm resid
-0.2
-0.4

-0.6
Increment Age

% Weibull function &if § ¢ 2+ 25 7| residuals &:74%:5 0> e &8/, 7 5
FIOMEHAF A # R E &5 4 o residual o T #® 5 f ¥k Tl Weibull function 7
2 -



2.(34)

#1295 Chain Ladder * 2w & & 7| R® 4% :

(1)3#cit 4 Mack 49 i 2 Chain Ladder - = BEXR(.D4)

(2)5"*“%'“ L p‘hmk@ i F Mack #hiz = lﬁ»?li(l. 54)

a. %- B H4p4 2 iﬂ%% VEIER G RTOIE PR T AR R I R S R AR R

b. 1995 % - B e i #F% = £ HEFF g AT }iﬁﬂvolume—weighted average
HAEPE AR TS5 (Loss development factor) i & 2

C.H¥=Be HIF42EB= £ 36-48 B * crdp £ /2 .'—]—*—%i’ 24-36 B 7 cdp % 2 B ¥

+ R ﬁww%’&wwﬁze%&

[%+i2%]
(D
AT - EFEEDB YA ER RSN AR I F R B L 2 E A
b.iZ- R ER2ZIFLEHEB ,‘g,.ffﬁ)ii\:}E% ,52&: B A
C. T-BRE BRIP4 variance &2 A FF 1 - #F B P FF 2 48 4 variance T IR+ vt B
%
(2)

a.EF MNPy BB FIAATHIEBREE R E MR R E R L > F ATy

L ERZIPAT E M

b % & F i B -

ciﬁupx—%ﬁ&’T—&fewﬁf FORASEAE TR AL S B E LAY
G ARM O AL FE TS RE

3.(5~)
FAREEE T B OFEL > R E e PR E SR H e o 0 FlERL

[%+i2%]

a. f F'e o P FE kot §E o7 { A (longer reporting lag)
b, Tl FitiE i > g% @ ﬁur’ﬂﬁ‘ g k2

c.AEFTHAFH

d. £ F% 2 P e Bl e T2 28 (blr& 2 R A L ER)

e. cdy %8 (IT coding) 2 IT k sLiE 2 % & L F'k o 7 g fecng &

4.(5 »)

Ty ™ 3 1273172014 5 ok s @t GIAR 8 2 T

R



LB\ LTES a T RN
Ef fos =
f.%‘% SR F,mﬂg-fﬂgu@ FE LA u[ﬂﬂ-aﬁzﬁ (&1%)) P

* Er 36 1.25
No. 1 1112012 R P 80,000 50,000
(loss occurring)
e 2 200
No.2  npo12 PRI 100,000 20,000
(policies written) 12 3.00

o BILHALRENY 5 - &£
o L ik'e &7 2 §H R & Y(underlying policies)d = - EH 2 Fwm g 241659 &
‘(]7" 4 3xp ;I'i’:u,,\?'; A - ,&g =4

el L gNo.l2im &~ W AFEPMIE T ST 2 5%

o L %4 <]N027 &~ ,&/‘%‘wﬁapxﬁrs%%qr L %120%

o JE 4 B E T a3z R h o E R 97T & 'k (exposure)
(D34 * Standard Buhlmann FEPEABLFRENELUB R REHEQCAH)
(2)£ 3% & &R *& (long-tail exposure)if.i- P> £ &8 IBNR P &1/ %_chian-ladder
PES ’%ﬁ Standard-Buhlmann = ;= (1 4 )
(3)£ 3 & &R *&(long-tail exposure)a‘ﬁ‘f MpE > FRE IBNR e falEiRT 4
Standard-Buhlmann = ;2 2% i chain-ladder > i (1 #)
(4)7#.F Standard-Buhlmann ;2 4p #** Bornhuetter-Ferguson i2 ¢hi & £[37(1 4 )

-\

[342%]
(D B
Treaty 1 = 80000 * (1-5%) = 76000
Treaty 2 = 100000 * (1-20%) = 80000

. 12/31/2014, Treaty 1 £# B 2 36 B > Treaty 2X# B 1 24 B (F]L0g ¥
pE_1/1/2013)
Use-up premium = 76000 * (1/1.25) + 80000 * (1/2) = 100800
T e 4 BRac = 50000 + 20000 = 70000
ELR = 70000/108000 = 0. 694
IBNR = 0.694 * (76000 * (1-1/1.25) + 80000 * (1-1/2)) = 38308. 8
B4 P2 ac=IBNR+ = % 4 p23c=38308. 8+70000 = 108308. 8
(2) #4575 & R i3 A D PRy k% (rate level)
()% e #F2 R FH(~ » R ELIRGEHIF A FAFI FHRF I ERE D
(OELRGEH IR 4 5 ) K482 hdf £ 5% > @ 2L e (g 87 Ten

5.(3 #)
%' & 2 p f #F (deductible) % 500,000 » 34 ™ Tl 5 ¢



HE A P

Limited Severity Relativities RE

12-24 24-36 36-48 48-60
12

24 36 48 60

Unlimited 1.912 1.316 X 1.077

- 0.980
Limited to 500,000 1.900 1.300 1.125 1.050

(Db 2 22 XE(L.54)
(- b A2Ep {4

(1.5 %)
[%5f2%]
(1) 1.125 = X * (0.944/0. 962)
X = 1.1465
(2) 1.1465 = 1.125 * 0.962 + LDF * (1-0.962)
LDF = 1.69
6. (5 4)

0.974 0.962 0.944 0.920

1 500, 000(excess of 500, 000)2 4 % ** 36-48 B * 2. 45 4 3 B 7

-

N

o 453 £ 47 4 (incremental loss)# = GLM(generalized linear model) » ™ = 2 454
R = &250-%  bootstrap process » W F T AR AL

‘ gl‘ f;ll: e ;? 4 ?r"r}\
L ER 12 24 36

2012 300,000 350,000 400,000

2013 400,000 450,000

2014 550,000
(D32 = log-link F2 #F B = &) % 33- 4
()BHRrER2012E>FEI 24B " 2 % F

AP E=Z 259 2 His 5o %o
bootstrap model 2z FJEE(2 4)
(D (DB i L % 5 B2 b5 2

7
“~

\\\?{r

[55i2%]

W

(D
i HERH
R ER 12 24 36
2012 300,000 50,000 50,000
2013 ’ 400,000 50,000
2014 550,000
log-link triangle = In (3§ & PEA%)
itEr | D 24 36
2012 12.61 10.82 10.82
2013 12.90 10.82
2014 13.22

Pj"ﬁ*’ﬁﬁ‘t*ﬂ‘ PRSSCES

- log-link 4f % % &
fio s T3y iAo te 2 B GLM ehig fe @ (fitted values) (1 4)

2+ 350, 000 » 4

" GLM # 22 2 3(2 &)
peg E%ﬁ* 200, 000> =
FAFE =z &5 GLM
= &A5 5, Ak GLM ¢



(2)

HE K
LoER 12 24 36
2012 300,000 - 100,000 200,000
2013 400,000 50,000
2014 550,000

GLM bootstrap model B3k #75 H £4p 4 2% & § #K
(3)
Be(2) 4 ¢ty B4 100, 000

HE
TLHER 12 24 36
2012 400,000 0 300,000
2013 500,000 150,000
2014 650,000
log-link triangle = In (3 € P& %)
‘ HE i
L ER 12 24 36
2012 12.90 - 12.61
2013 13.12 11.92
2014 13.38
7.3 %)

FitIR T g & P 2 4R 0 & dividend discount model 3+ 2

s

12}

i@

FE 5

w3 12/31/2014 2 1

2014 2015 2016 2017 2018 2019
#45% (Net Income) 200 200 220 235 240
Hp 2= W5 L
PRy 2,110 2,230 2,350 2,482 2,623
(Beginning Equity)
ETIe T i
W xi%iApE (Ending 2,230 2,350 2,482 2,623 2,767

Equity)
i H FME L Fe P2 A AR S (ROE) = 10%

o &k ' 715 (risk-free rate) = 2%

o o A iR% 2 7 2 beta (B) = 0.85

o @3 F 2 £ T 5 % plowback ratio = 60%

o g% CAPM /&2 b *& 2% B 18 2. 37 5 (risk-adjusted discount rate)

[%F52%]
Discount rate = 0. 02+0. 85%(0.1-0.02) = 0. 088
dividend = 1-60% = 40%
2015 2016 2017 2018 2019

Dividend 80 38 94 96 100
ROE = NI/Beginning Equity 0.09 0.09 0.09 0.09 0.09




i #% ROE=0. 09
g =p X ROE = 60% * 0.09 = 0.054

Mg s g By M se | 100, 100WU400%) _ _ 9388, 33

1.088  1.0882 = 1.0883 = 1.088%* = 1.0885 = 1.0885(0.088-—0.054)

8.(34)
FRBEMTERY I EGE T F T AR

For Losses Capped at Per Accident Limit

izter?stment Insurance Charge at Insuranc-e Charge at Loss Eliminat‘ion Rat‘io'
Period Retro Maximum Retro Minimum from Per Accident Limit
1 0.112 0.005 4.20%
0.140 0.004 5.20%
3 0.152 0.004 6.00%
4~ 0.155 0.003 6.40%

(D3é-4t+ B3 3 B9 B (Retro Adjustment Period)3* ¥ capped loss ratio(2 4 )
(2)3#218 + 3% capped loss ratio *7% 2 8% (1 »)

[%+i2%]
(D
For Losses Capped at Per Accident Limit
Retro Insurance Charge at Insurance Charge at Loss Elimination Ratio =~ Eliminated by Canped loss ratio
Adjustment Retro Maximum Retro Minimum  from Per Accident Limit Retro Max&Min (S)D_D - 3)-W)
Period )] ) (3) @ =-@ N
1 0.112 0.005 4.20% 0.107 0.851
2 0.140 0.004 5.20% 0.136 0.812
3 0.152 0.004 6.00% 0.148 0.792
4 ~ 0.155 0.003 6.40% 0.152 0.784

(2) capped loss ratio & ik ' 2 A%t » FISH A A #F B FE = 3> g @~
o EE ST A

9. (2 #)
FRBUTEGSIFEFLFEIE FT AN

. fgwnem\g,ﬁ IR

IR ER FE

($ 000, 000) P
% %A 1 BBB 60 0. 30%
5B 3 BBB 160 0. 30%

B3k A E b 'k &~ d7(diversification)aykin™ » 75 w48 B 2 #ic(correlation coefficients)

WP EFEPBEY R = BAE KR A)



(DBERM A BHEED F- T TFF2RRT HFEFACRGHF2FAAA)

[%+i2%]
(D
i Xk *& (default risk)
BEE*EE 2 Bk (downgrade risk)
%7 h * (concentration risk)
(2) BXd - P8 F 0 Flet4pk REcE > 1 T+~ % £=60+160=220

A\

10. (3 2)
SABRE AP MAE T EE S BROP AP ERMNT AR R RE 0 AT AE LS
4238 5% 4 2. US GAAP " & 8 % (US GAAP Equity) :

| 2015 2016 2017
# 4 GAAP Equity 5,000, 000
#45 % (Net Income) 380,000 450,000 520,000

(1)33+ % 2017 # 1 Free Cash Flow to Equity (FCFE) (2 4 )
()3 fafE % @ FCFE 30 = 2 2 L 3l 2 70 2015 #p2ac g £ 1 2 2 B PUA »)

[%5f2%]
(1)

| 2015 2016 2017
%4 GAAP Equity (0 5,000,000 5,250,000 5,512,500
FAT K 2) 5,250,000 5,512,500 5,788, 125
%45 % (Net Income) (3) 380,000 450,000 520, 000
FCFE = (3) - ( (2) - (1)) 130,000 187,500 244, 375

(i Eg g VA R PR FEF A% K 3-8 FCFE P73 4p4sa) 712t FCFE 3= =

e i;?fgsf’

11.(2 A>T 2iE0.54)
FiET IR §
(D3 3k & (market risk)# & * kb *& (credit risk)
(2)5" w*’*“ - ﬁ Bt o P F Ak 2P *1‘3‘& "%
(3 A BIP 3 Fh "% E % b %G4rw BT T A (invested asset) & & § F
(insurance liability)
(BT 2R 'e2 B2 5 2§ (non-negative) @ 314 T 71 F A5 b G2 & F

%éfﬁ%&%=1m
FAZETh% = 80
é%‘ﬂ%&%=l%
fE2 R = 50



[%+i2%]
(D HFh & : ?%ii%ﬁiﬁﬂi%% REASD
BHRY% A HEIRABELTNEGL L
(2)Concentration risk(:E & & ¢ B *&) ~ Interest rate risk(§15 k *& ) - Reinvestment
risk(£ & F Rk &) ~ Asset-Liability mismatch risk(F A& § & 7 $#HR &) °
(3)3 Bh'GEMERE B E A B E RS BB G 20 RS
w&xﬁﬁ @K,Fay, zrr_,—;n-hk ]_, 2= ‘*éfS_ﬁl.F,’_A7§E‘;<]_:}:
(4) Min risk = V1502 4+ 802 + 100% + 502 = 203. 47
Max risk = 150+80+100+50 =380

12. (3 #)
FET e A RRAE BH T AIN AR B
A TR (K] 5))
12 24 36 48
20% 50% 70% 85%

o AW BN 2 RypiE A A 472 L 3] (over-dispersed Poisson Model) @ 4 47 %8k
¢$=1.3
e Rt ER 2014 EFFH B B4 L = 1,800,000
(D34t R b & & 2014 #3- 58 & © % 2 At (incremental reported loss)*t 36-48 & *
m%.,ﬂl #(variance)(2 » )
()7 f# 5 P ER A ¥t * L Al (over-dispersed Poisson Model) » i€ * © i g2 ik 2
LR AR ET R T F A BRI 4)

[5572%]
(1)7g 8 36-48 B * # E 2 P £ %=1, 800, 000 * (85%-70%) = 270,000
Variance = 270,000 * 1.3 = 351, 000

W

(D HRFERRERAFF §F f ol 28R T2 22 BAAREDFLBE > 7
PR (EHE S S E RS LLER £ X SRV ST -

13.(2 #)

PoanifRip oo P E A s IEpE kL LB KRt Ag,:q; LT F%E;;ﬁpﬁ&%é?%gﬁﬂ
RE i Sl o Tl LRy

(DF#g @ h ' (operatlonal risk) (1 &)
QFRFEPEEZT e iRl BEFEL'e  PRENZUR PSS BEERL R A)

%1
VEER R e §Rp A S BB R0 ¢ FEER G LA PREN R



B &
(@ 4 o sed W2 Btk e} - BAT AN EDF YE 2B 2D YT
A A A
ARG R R R ARG R VRGP TG - R
RELF/BETHRE LD F R R

14.(2 #)

BRAFEDPF TR

© % 4 4 4 F (Incurred Loss Ratio)

Accident o\ nths 24 Months
Year
2012 0.225 0. 445
2013 0,425 0.655
2014 0.413 0.651
2015 0. 255

(1)# * Least Squares Method fz 3 AY 2015 &+ 24 B * 2354 5 o (1 »)

(2)B3& A %% =24 * Link Ratio Method # Budgeted loss Ratio Method #-T $5#kc iz 3+
AY2015 #3824 B 7 2 3p 4 Fogiedp & (1)) 435 B %37 R e > 2 £F 5 & it (optimal)
2% o (1 /,J\)

>

(5425 ]
(D
%=0. 354, y=0.584, x?=0. 134, xy=0. 216
b=(0. 216-0. 354%0. 584)/(0. 134-0. 354°2)=1. 067
a =y — bx =0. 206
$=0. 206+1. 067%0. 255=0. 478

W

(2)

= iF > ;£ % Least Squares method. @ LSmethod % % Link RatioMethod # Budgeted loss
Ratio Method z_ 4c 48 » # € ~ % 5 b/c % (1-b/c) °

Ty w1438 %% :b=1.067, c=0. 548/0. 354=1. 65,



Link Ratio Method # #£=1.067/1. 65=0. 647(#* %3+ 0.5)
Flpt 5 * Link Ratio Method # Budgeted loss Ratio Method snT 35#cim it 7 H iz > 2 o

15.(5 &)
BERAFREST3 MT R

Incremental Paid Losses

AC;;:int 12 Months 24 Months 36 Months 48 Months 60 Months 72 Months
2010 1000 800 600 300 200 100
2011 1200 600 500 400 300
2012 1000 1500 500 300
2013 1300 1000 600
2014 1500 1200
2015 1400

Accident .

Vear Earned Premium
2010 3000
2011 4000
2012 5000
2013 6000
2014 7000
2015 8000

3t HAY 2015# 2 Hurlimann™ s Optimal Credibility Reserve -

[

\\\?{r

Y%

m=22. 42%=(1000+1200+1000+1300+1500+1400)/(3000+4000+5000+6000+7000+8000)
me=20.40% , m=12.22% , m=8.33% , ms=7.14% , ms=3. 33%

ELR=22. 42%+20. 40%+12. 22%+8. 33%+7. 14%+3. 33%=73. 85%

p=22. 42%/73. 85%=0. 304

q=1-p=0. 696

z=0. 304/(0. 304+0. 30470. 5)=0. 355

R™A=(). 696%1400/0. 304=3205

Re0!=(). 696*(8000%0. 7385)=4112



R€=0. 355%3205+(1-0. 355%4112)=3790

16. (2 &)
P & * Over-Dispersed Poisson Bootstrap Model P # £ e fd 35 iF AL » * 4-4t5 — 1B
PRREHE - BRRA N

[

\\\?{r

Yi3E]

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 i1s 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

17. (5 £)
TR R
24-ULt4F 4 %

= 8755 40 % *UE300, 000 % 2 FAL TR 402 *T150, 000 2 12-Ult 2
kS

Cum Incurred Losses(000)

Accident 1o Vonths 24 Nonths 36 Months
Year




2013
2014
2015

#p B B TE
AY i RABH =10% 0 OV RABH 5=0% 4 % 4 3 R IRALH Hom o2 AV2015% 12 ~ 24% 36
BV T4 £ g4 w5 100,000 ~ 150, 0002 200, 000~ -

20, 000
22,000

24,000

24T .

45, 000
46, 000

[%5i%% ]
AY TREND
2013 1.000
2014 1.100
2015 1.210
CY TREND |12 Months|24 Months|36 Months
2013 1.000 1.000 1. 000
2014 1.000 1.000 1. 000
2015 1.000 1.000 1.000
TREND |12 Months|24 Months|36 Months
2013 1.000 1.000 1.000
2014 1.100 1.100 1.100
2015 1. 210 1. 210 1. 210
Unlimit
Mean 12 Months|24 Months|36 Months
2013| 82,645 | 123,967 | 165, 289
2014 90,909 | 136, 364 | 181, 818
2015 100, 000 | 150, 000 | 200, 000

Eg. for AY 2014, age 12 Months: 90909=100000%1.1/1. 21

L=300, 000, B=150, 000

LEV (L)

12 Months

24 Months

36 Months

2013

80, 453

112, 944

138, 374

2014

87, 556

121, 254

2015

95, 021

Eg. for AY 2014, age 12 Months: 87556=90909%[1-(e”(-300000/90909)) ]




LEV (B) |12 Months|24 Months|36 Months
2013
2014
2015| 77,687 | 94,818 | 105,527

Eg. for AY 2015, age 12 Months: 77687=100000%[1-Ce"(~150000/100000)) ]

Finally, we can calculate C'

C 12 Months |24 Months |36 Months
2013| 19,312 | 37,778 | 39, 656
2014 19,520 | 35,971
2015 19, 622

Eg. for AY 2014, age 12 Months: 19520=22000%77687/87556

Now, we calculate the LDFs:
LDF: =(37778+35971)/(19312+19520)=1. 899
LDF2 =39656/37778=1. 050

LDFs to Ultimate
LDFi2=1. 899%1. 050=2. 066
LDFz =1. 050

18. (2 &)
(1) #F3m Mack Method 13 sk = (1 4)
(2) e 21k L3 # & Mack Nethod Gk - #7736 5P Aidy 11iE & 2 B
(AHEARWAFELF R 4B FRIFLFEFFE bt S Ay 55T is
2 e (0.5 4)
(DHEA RS FA B 43R FRA M ER2Z 12244 FEFFFH
12-24 35 % 3 B 71+ T30 > 32 ¢h & B2 24-36 45 2 # B F1+ € M0 24-36 45 2
B F 5 Tiodc e (0.5 4)

[532%]
1

~ \\\?{r

(
1. Expected incremental losses are proportional to losses reported to date

11. Variance of incremental losses are proportional to losses reported to date
111. Losses in one accident year are independent of losses in another accident year



TR RE I HEC BERFPEYC BERAAFETFE UG SRR

b @& cdF L EE- BER > FAPIA EFEEHE R FS M 0 2L EH losses
reported to date 4p B o

19.(3 %)

# %95 Mack 2 Measuring the Variability of Chain Ladder Reserve Estimates ® ¥ B 4% -
BRAFGPHFALAZ AT T Zo P EA SR dRAMELFE e dRRK
HETS BRI GBS PR RGP R T R 0 2010 £ Az pRac

Cumulative Paid Losses

Accident o\ nths 24 Nonths 36 Months 48 Months
Year
2012 1000 1150 1300 1400
2013 1000 1200 1300
2014 1000 1100
2015 1000

1
R HRAHEL RS GRAHET SRRV M AR B KRR AFRETF SR
L o g '—]»”‘4%’* RS SIE RS RIS Fre N
‘T3 PeAc A8 P ¢ 2N B = A gxtail factor=l

LDF 12-24 12-36 36-48

2012 1.150 1.130 1.077

2013 1.200 1.083

2014 1.100

AVERAGE| 1.150 1.107 1.077

r’ﬂlx .% "E $
=1400%(1-1)+1300%(1. 077-1)+1100%(1. 107*1. 077-1)+1000%(1. 15%1. 107*1. 077-1)
=682



20. (2 &)

B A Fr o 73 2010 & KAp B 4o

Fitted Paid

Accident On-Level Cumulative
) ) Emergence
Year Premiums Paid Loss
Pattern
2012 1,500, 000 800, 000 80%
2013 1,800, 000 500, 000 50%
2014 1,600, 000 300, 000 30%
2015 1,800, 000 100, 000 10%

Parameter standard deviation=500, 000

Process variance/mean scale parameter(§2)=15, 000

(1) 3 * Cape Cod method 3 & A g = &% 2015 # K2 pRar & & - (1 4)

(2)
(3)

(coefficient of variation) » (0.5 4 )

[
(D

\\\?{r

T iEE]

Total Premium*G(x)
=1, 500, 000*0. 8+1, 800, 000*0. 5+1, 600, 000*0. 3+1, 800, 000*0. 1=2, 760, 000

Total Loss

=800, 000+500, 000+300, 000+100, 000=1, 700, 000
ELR=1, 700, 000/2, 760, 000=61. 6%

(2)

i E (D) A F £ 2 A28 X (process standard deviation) < (0.5 4 )
i E R (D) MR AR F £ 2 4% A (total standard deviation)* % £ ik

Accident Expected |Expected
Year Premium Ultimate |Emergence| Reserve
2012 1,500,000 | 924,000 20% 184, 800
2013 1,800,000 | 1,108,800 50% 554, 400
2014 1,600,000 | 985,600 70% 689, 920
2015 1,800,000 | 1,108,800 90% 997, 920
TOTAL 2,427, 040
Eg. 2015: 1,800, 000%0. 616=1, 180, 800, 1,180, 800%0. 9=997, 920



Process Variance =15, 000%2, 427, 040
Process Stdev=(15, 000%2, 427, 040)"0. 5=190, 803

(3

Total Var = Process Var + Param Var

Total Var =500, 000°2+190, 803" 2

Total Stdev=(500,000"2+190,803°2)"0. 5=535, 169
CV=535, 169/2, 427, 040=22. 1%

21. (2 &)
FikpT AT F R

Selected Coefficients of

Variation(CoV)
Portfolio Length of Outstanding Premium
Portfolio Size Claim Run Claim Liability
($000,000) Off(in years) Liability
A 100 10 6% y
B 500 10 X 8%
C 500 2 3% 2%

Event risk 27 (¥ 2 ¥ g o

P

3~ W *x % y &0 & ikd internally benchmarking independent risk #wip # &1

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 is larger than the OCL COV for B.

6% > x, 8% > 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 > 3%

Select x = 5%

Sample Answer 2

6% - 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 > 8% select y = 8.5%

Sample Answer 2

A has smaller size & longer runoff length than C that y should definitely be higher
than 3% Smaller book + same runoff length than B , y should be higher than 8%

[ choose y to be 10% because 1t is longer tailed & smaller sized

Sample Answer 3

Y = 8% because this matches portfolio B which has a similar claim runoff length. Premium
liability i1s risk that premiums written will not cover losses, and these two appear
to write similar length (likely liability) coverage.

22.(5 &)
FHEAR LEF2BERGHE LR GIFAAAMETR » I TIERTHR

Loss($000, 000)
Year LoB 1 LoB 2

2009 42 35
2010 40 44
2011 38 34
2012 36 32
2013 34 30
2014 30 29

(1) Fefmeilp 32+ 3 B 33 Rl & (statistical measure)™ * kpl& 1+ £ 7 2 B £ir'e %
2 e (34)
(2) 7= & (1) P3P 2Rk > PHRGEY WRIE S 2 BEB G2 ML (24)

[3%72%]
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Kendall’ s © - measures relative orders and does not take into account the
magnitudes of values in the lines of business being compared. Weights are determined
by the number of swaps.

Loss($000, 000)
Year LoB 1 LoB 2 Rank 1 Rank 2 Swap 1

2009 42 35 1 2 1

2010 40 44 2 1 2

2011 38 34 3 3 3

2012 36 32 4 4 4

2013 34 30 5 5 6

2014 30 28 6 6 5
N=6, Q=1

Kendall’ s 7 =1 - [4¢/Nx (N- 1D]=1 - [4(1)/6 x (6 - 1)]=0. 8667

Spearman’ s rank correlation - measures relative orders and does not take into account
the magnitudes of values in the lines of business being compared.

Loss($000, 000)
Year LoB 1 LoB 2 Rank 1 Rank 2 Arank (Arank)’

2009 42 35 1 2 1 1

2010 40 44 2 1 1 1

2011 38 34 3 3 0 0

2012 36 32 4 4 0 0

2013 34 30 6] 6] 0 0

2014 30 29 6 6 0 0
N=6, S=2

J —_1_S —_1_2 _
Spearman’ s p=1 /N(NZ B 1)/ =1 /6(62 _ 1)/ =0. 9429
6 6

Pearson - a cardinal statistic weighting elements by the squares of their deviances
from the mean.
Pearson o= cov(x,y)/[std(x)xstd(y)] =0.7196

(2)

Ranks of preference for these measures is Kendall, Spearman, Pearson. Pearson is not



well suited to measuring dependency in thick tailed, skewed distributions. Both
Kendall’ s Tau and Spearman’ s rank are ordinal measures, but Kendall’ s Tau has
greater dependence in the tails. As the portfolio is exposed to Cats it is more
reasonable to use Kendall’ s Tau to describe dependence. .

23. (3 &)
EoPAMF AT
Return on equity (ROE): 12%
Book value growth rate: 6%
Discount rate: 9%
BN I EEAR T EF S AERE -
2014 & &3% = @ book value 5 $2, 000, 000.
(1) #* price-to-book value ratio " &%= @ 2014 & &2 § B (2 #)
(2) 3rizdzpt i ROE ~ Book value growth rate # Discount rate 2 #icie » 3= Bk L #KiE
ARkFEFaFPRFZ T EA L)

(£%7%%)
1

~ \\?{r

(
P/BV=1+[ROE-k) / (k-g]
1+ [€0.12 - 0.09) / (0.09-0.06)]
=2

BV=2, 000, 000 * 2 = 4,000, 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 is meant to represent
earnings more than you your discount rate, your expected return)

24. (3 &)

ABa RIFG PTG RE L GRIERT AR EGMA > Y gTh®PIRETF T 7w f:
Standard deviation

Semi-standard deviation

VaR

TVaR

(DAFSEP R AL RRAZTFERGEFTEMARG oL L BRI G5 ER



o ARG ORY iR R SGRIRSE I AT R RRIE (1. 4)
(2) BiFRrg 2@ X o PR 2 R 0 22 P AR MLk ' 5 TR F LM "R B iRg
S EY PR R ERIR O FHE ARG ERIR (1.5 4)
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Solution 1

(1) Standard deviation: Not appropriate since it doesn’ t work well with skewed
distributions like lines subject to EQ losses

Semi standard deviation: Not appropriate since it will end up ignoring part of the
distribution, and won’ t highlight EQ risk enough (since it’ s total loss)

VaR - Not appropriate since its only one point, VaR(95) may not be high enough to
capture EQ risks.

TVaR - While not ideal ( I would use distortion of RTVaR) it" s the best one in the
list because it will average all loss values above VaR, better capturing EQ risk.

(2) Standard deviation: Not appropriate here because it builds in positive or
beneficial deviations
Semi-standard: Best one since i1t uses the whole distribution, and focuses only on
negative outcomes, even the small ones.
VaR an T-VaR: Not appropriate for two reasons:

a. Estimating at high levels ignores too much risk

b. Estimating at low levels puts too little weight on high risk (tail events)
Also, you would really want to look at the whole distribution here

Solution 2

(1) The standard deviation and semi-standard deviation are mean based risk measures
they would not be appropriate in this case because for EQ risk you are more concerned
with the tail. As EQ losses might be large but infrequent. VaR and TVaR would be more
appropriate as they are tail risk measures. TVaR might be even more applicable because
1t measures the average loss in the tail not just the probability of experiencing a
loss above a certain threshold like the VaR.

(2) To assess the risk of price inadequacy a mean-based risk measure would be more
appropriate because it takes into account the entire loss distribution. Therefore I
would use either the standard deviation or the semi-standard deviation. Semi-standard



might be slightly more appropriate as it focuses on only adverse outcomes which is
what we are concerned about.

25. (3 &)
ERG AP FERTF AT
Credit Risk Solvency
Years to Bond Capital Bond Issuer’ s Current
Maturity | Rating Requirement ($000) Annual Default Probability
Bond 1 1 BBB 100 1%
Bond 2 10 BBB 200 1%

Bk R R AR N 5T M 2 E=0. 5.
(1) 232 EFERTAGF AP SEEEE 27 R 57 R Rl o (1.54)
(2) BRIE2FBFARPF-FFF BB RG22 T AL R (1L54)

[
(D

Direct Default Risk - the bond issuer’ s may not make payments

\\\7;,,

$13%]

Downgrade Risk - bonds could be downgraded a notch, lowering value of bond
Concentration risk in Bond rating BBB

(2)
Bonds are from the same issuer, so assume full correlation. Thus, capital requirement
1s sum of the individual capital requirements:100+200=300

26. (5 &)

o 2014 & RAp B T AT

Gross Premiums : $100 million

Gross Loss Ratio: 55%

Gross Expense Ratio: 35%

Risk-free interest rate :2%

Investment Yield: 5%

Beginning Surplus: $500 million

Probability of distress without reinsurance :5%

ST EEES VAR PR K

N



Proposed reinsurance :30% quota share
Ceding Commission 20% of reinsurance premiums
Probability of distress with reinsurance 1%

BREATF R ~FHEDAEG ARG TR AERSH P EBRRARER Y B

P o

(1) #* risk-adjusted present value of future earnings > 3 pL¥% £ &' o {8 R'g o
PR EPELRE - (34)

(2) i FA)PE> 2 G V2 27 % kPR 2@ b ‘e /B DY E
(quantifying the value of risk transfer to the insurance company. ) ° (2 &)

[
(D
D=(1-d)/(1+r)

\\\?{r

TiEE]

Without Reinsurance
D=(1-0. 05)/(1+40. 02)=0. 9314

Premium 100

Loss 55 =100%0. 55
Expense 35 =100%0. 35
Income 10 =100-55-35
Equity 500

Premium 100

Expense 35

Investable Assets 565 =500+100+35

Investment Income: 28. 25 =565%0. 05

K=1/D-1=1/0. 9314-1=T. 37%
PV=(10+28. 25)/7. 37%=519

With Reinsurance
D=(1-0.01)/(140. 02)=0. 9706

Gross Premium 100
Net Premium 70 =100%0. 7
Loss 38. 5 =T0%0. 55



Expense 35 =100%0. 35

Commission 6 =100%0. 3*0. 2
Income 2.5=T70-38. 5-35+6
Equity 500
Net Premium 70
Expense 35
Commission 6
Investable Assets 541 =500+70+35+6

Investment Income: 27.05=541%0. 05

K=1/D-1=1/0. 706-1=3. 03%
PV=(2. 5+27. 05)/3. 03%=975

value of the firm increases=975-519=456

(2)

Sample Solution 1

(a) Efficient Frontier Graph - which plot U/W profit against different risk measure
such as, VaR, or TvaR. The reinsurance option in the upper left corner is preferred
since 1t has higher U/W profit with low risk

(b) Cost Allocation Method - holding capital is not free, which required a return
of capital. We compare the total cost of holding capital and reinsurance net cost,
to see which option has lower cost

Sample Solution 2

(a) Simple Factor: Value = prob of distress x Equity

Difference with or without reinsurance quantifies the risk transfer

(b) Efficient Frontier Graph: the expected U/W profit against a risk measure. More
U/W profit expected should be associated with a higher risk measures. The closest to
the efficient frontier of the program is the more efficient we are

27. (4 4)
%2010 # L ERBMREZZE T G (a priori estimate) s 30 F F ~ 0 A Bl
Chain Ladder # Bornhuetter-Ferguson = &= i B3 & ¥ P23k £~ % 5 3D pF ~% 33
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Uss = (1-0k) UcL + gk Usr
= (1-u%) Ucr + i’ Uo
35-(1-qx) + 33-qk = 35-(1-qi°) + 30’
gk=0.4
Ci = U (1-q1) = 35+0.6 = 21
Ugs = 35+(1-0.4) + 33-0.4 = 34.2

Reg = Uge —Ck=34.2-21=13.2

28. (4 %)

e

B

By

j it Benktander ;2 4p #>* Chain Ladder # Bornhuetter-Ferguson = f& = ;2 <= i & &

~

\\\?{r

#1

Hd

3

(1) The Benktander method is found to have almost always a smaller mean squared error than the
other two methods.

(2) The Benktander method is almost as precise as an exact Bayesian procedure.

29. (44)

¢ T AFA

EiFpH >+~
Lt ER s TR LS | BRFLAFETFS © M REAR
2013 300, 000 50% 1.03 155, 000
2014 360, 000 52% 1.15 159, 000
2015 390, 000 55% 2.30 96, 000
S35 Benktander © 3+ 5 2013 & 2015 & *F & & 2 ¥ B2 2 o
[%52%]
LM ER Ox Rer Usr Ree Ucs




2013 0.029 4,369 159,369 4,642 159,642
2014 0.130 24,417 183,417 23,924 182,924
2015 0.565 121,239 217,239 122,787 218,787
&3 150,025 560,025 151,353 561,353

30. (44)

95 Siewert, "A Model for Reserving Workers Compensation High Deductibles" -
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$356, 000, 000

%3 ¥ - Excess ratio (per-occurrence charge)

# & % - Aggregate ratio (per-aggregate charge)

[
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50. 90%

12. 0%
1. 5%

P-E- y + P-E+(1- x ) - ¢ = 356,000,000-55.5% (12%+(1-12%)-1.5%) = 26,317,656

=3 21
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