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()4 F = 60%
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® \ore natural since it corresponds to the way the data is
presented. L *vp R Fli @ FR IR Nk
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b. Loss ratio r

2% 1.2

96% 1.6

120% 2.0

O(.1) =(1/10) (1.2 - 1.1) + (1/10) (1.6 - 1.1) + (1/10) (2.0
-1.1) =.15

C.
V(. D =0U.1) +r-1=.15+ 1.1 - 1= .25



(b A)

ML AT AT A BRI F RS B BRR AT B A
F T an #2003 600,000 2 @&

a. (1)

38 375,000 edg gt

b. (34)

Bk - B AT B AP e S g kg 0.75,1.00 &
125 eni B F) 5 kg B R yp ™ FIF gt & st f E A fehical 2 T 375, 000

SAZERV T o

4 g
950, 000 0. 3500
290, 250 0.2900
300, 000 0.2200
475, 750 0. 0500
500, 000 0. 0255
550, 000 0.0060

c. (14)

FHAE 2T AR B R ST LR

[%+4i2%]
a. R($375k) = [0.5x(600-375)x(1-375/600)]/(0. 5x600x1) =0. 1406
Y PiTiR(%)

b. R(L)=—g

i=1PiTi

_ 1
pi = 3
0.

r; ={0.75, 1.00, 1.25}

PN 1 375k 375k 375k 1
(0. 75+1. 00+1. 25) ]

= gx[O. 75xR(500k)+1. 00xR(375K)+1. 25xR(300k) ]/ ( §><3)

= ix(O. 75x0. 0255+1. 00x0. 1406+1. 25x0. 22)/1=0. 1449
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(1 -1/3)A -1/5) =

0533 100, 000 100, 000 100, 000
(1/73)(1 - 1/5) = 0. 267 300, 000 100, 000+X 100, 000+X
(1 - 1/3)(1/5) = 0.133 500, 000 500, 000 400, 000
(1/3)(1/5) = 0.067 700, 000 500, 000+X 400, 000

E[Annual Lim Loss] = (0. 533)($0. IM) + (0. 267)($0. 1M+ X) + (0. 133)($0. 4M)
+ (0.067)($0.4M) = $0.2M
Solve for X = occurrence limit = $150, 000

b.
0.7M
X 0.65M
L 0.5M
£
A et 0.4M
) L 0.3M
< — (0.25M
— 0.1M
U Fix) :]_
TREIALUVFE B2 @
CRESE - T ERUGER B R(A LT RE )

Fo wmuapimg s pgogpa

$¢ RO ALE - FEROVEARE A R 2P #
B BRBAFA LA A UER L d 07

C.

For the retro policy, the decrease in the large loss will decrease the
volatility of the entry ratiodistribution, resulting in a smaller Table
M charge. For the LDD policy, the limited loss entry ratio distribution
1s already less volatile due to the occurrence limit, so the decrease
in the large loss will decrease the limited loss Table M charge, but
by a smaller percentage than the decrease in the charge for the retro




policy. ¥ w i iRH K » F i «’:}E% Rl R :mg %K e ntry ratio 4
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3z Gillam and Snader “Fundamentals of Individual Risk Rating” #fit
¥ g as B3 E (slitplan) 2 T 7 F w0 3R B 5% Flic(experience
modification)

SR A 500
AT 2 200
RET A 0.5
RIKT R 0. 4
B R AT A 600
AAT R R A A 200

&
E, =E —E, = 500-200=300

M:szp+(1—Zp)Ep+zeAe+(1—ze)Ee _

E

[€0.5)(600)+(1-0.5)(300)+(0.4)(200)+(1-0. 4)(200)1/500=1. 3
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FAGSORNF P BGH B FAERLIT

% )
S A
A 30 % 3%
e 1,050 950
N B S 5,680 4,980
porop R 4,590 4,220

AT AR FE 2 R A HCA] (Generalized Linear Model) 2 <z = 42.5¢ >
FrrEEo A (B FEE AR

(%4 72%]
FBlLAd B2 p 2 B3&ap o B4R AN
Y=X5 + &
11050
950
_+« _ 15680
The vector of responses = Y = 4930
4590
14.220A
T 0 0 17
1 0 0 O
) . o_10 1 0 1
Design matrix = X = 010 0
0 0 1 1
0 0 1 O

|
Vector of parameters = =



& =Errorterm =

1

2
€3
c4
€S

| € 6]




7:(6 77)

EEAAA A G TS AR > S0 ER S22 A A S licdeT !
10000
~ (x + 100)?
4 %] iz “the size method” 2 “the layer method” » 3+ & 100 | 1,000 22t & i+ #p

R A B AT -

[

F(x) =1

[%352%]
The size method :

E A TR PR AR

=[5 x dF(x) + 1000G(1000) — 100G(100)

1000 10000 10000 10000
N fwo X [ C (x+ 100)2] + 1000 (1000 + 100)2 100 (100 + 100)2
- 2000 M - 2200 g + 264 - 25
(x +100)%1,,, 100 (x + 100)2
=991.736 — 75 — [x + _10009 o —16.736
(x +100)1,,

10000

000
=916.736 — |1000 + ——————= 100 + —————=
[ * (1000 + 100)] * [ * (100 + 100)

] —16.736

=40.909

The layer method :

AR R A

_ ]1000 [ﬂ] dx
100 (x +100)°

~ [ 10000 ] B 10000 ]

100 + 100 1000 + 100
=40.909

[ —10000]1000
x + 10010




8:(577)

RAGOPFE - BERT IV E TALBRERY

s BN 2R BT i
(E;jifni l;\l‘/lel.) BATH
A A T
Pl L (Manzual Prefﬁium) R
01 0.63 0.66 5,000,000 3,250,000
02 0.93 0.96 5,000,000 4,655,000
03 1.00 0.98 5,000,000 4,947,000
04 1.05 1.05 5,000,000 5,564,000
05 1.12 1.08 5,000,000 5,650,000

Pt E AT et s 2 T (equitable) o I E B i AR o

MLR = Losses / Manual Premium

SLR = Losses / (Manual Premium * Mod.)

A A MLR SLR-3*% | | SLR-3+% 1
01 0.65 1.032 0.985
02 0.93 1.001 0.970
03 0.99 0.989 1.010
04 1.11 1.060 1.060
05 1.13 1.009 1.046

214 [ ## & =Var(SLR) / Var(MLR) = 0.00062 / 0.03000 = 0.02082

33 Il ¥R & =Var(SLR)/Var(MLR) =0.00119 / 0.03000 = 0.03976
Fl2tE LR EdRC) o it E s o T (equitable) -



FAG ST AR G R REE GeT (SHE g )

] &% F AU
& 4
100 150 200 300
100 1.00 1.40 1.66 2.00
150 1.48 1.73 2.20
200 1.78 2.30
300 2.45

e ok AL 0 &% - I fE(inconsistencies) 0 ¥ A B AR o

[+ j%% ]
A e Qﬁg‘ﬁry [ELEE
100 150 200 300
100 1.00 1.40 1.66 2.00
150 1.48 1.73 2.20
200 1.78 2.30
300 2.45

1

R

¥ U 200 2 300 2 i B 5

200 300
0.0014 0.0040
0.0010 0.0020
0.0015
T fwo
2. 3+ AFL3F 100 2 150 2 BEF %
100 0.0080 00052  0.0034
150 0.0050  0.0047
AR - Ko
3. R ApME R F e Ugp 2 L R

150 & 200 200 & 300
0.26 0.34
0.25 0.47

0.52



0.26>0.25 » 0.34<0.47<0.52
7 - Rt 3t 150 2 200 -
4 3 EAREE AT AEL B

100 & 150 0.08 0.07 0.20
150 & 200 0.05 0.10
0.08>0.07<0.20 - 0.05<0.10

7 - K75 &3 100 2 150 -



T & FRL k3t ¥ experience of a single private passenger car 2 ¥ i3 & o
A1

Last Earned Premium at Number of
Group Accident Car Years Present B Rates Claims
A 3 or more 400, 000 200, 000, 000 25,000
X 2 300, 000 170, 000, 000 15, 000
Y 1 150, 000 100, 000, 000 13, 000
B 0 X 40, 000, 000 12,000
Total 850, 000+X 510, 000, 000 65, 000

(1) credibility for an insured that has had no claim-free years=0.1 >
HE X e (64)

()F+y 2& b mmpes v 13 B (credibility for the group of risks that

have been claim-free for two or more years) (2 4 )

[
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$13%]

(D

Mod=(12, 000/40, 000, 000)/(65, 000/510, 000, 000)=2. 3538
Mod = ZR + (1 - Z)

2.3538=0. 1*R+0.9 , R=14.45

R=1/(1 - em)

m=0. 07126

m=65, 000/ (850, 000+X)

X=62114

(2)

Mod=[ (25, 000+15, 000)/(200, 000, 000+170, 000, 000)]/(65, 000/510, 000, 000)=
0. 8482

Z=1-Mod=0. 1518



11 (6 53)
%3+ B w4 #E(individual class)z 42%F ' & (excess ratios )H @ — = & &

multi-dimensional credibility technique °
T%'r;ngxﬁéi;L-*-ﬂ-” Pt 3 R Atestimating excess ratios by hazard

group:

1.

Homogeneity

11.

11

[

1.

7

4

»

Credibility
Predictive Stability

TiEE]

Using the multi-dimensional credibility technique will result in
excess ratios by class, instead of excess ratios by hazard group
(a group of classes). The risks within a class will be more
homogeneous than the risks within a group of classes.

The multi-dimensional credibility technique both improves and
worsens credibility of excess ratio estimates, in different ways.
Credibility is improved because excess ratios for each injury type
are calculated using data from other correlated injury types, so
more information and credibility goes into the estimates.
Credibility is worsened because the same data is subdivided much
more finely by class instead of by hazard group, so the sample size
that each excess ratio is based off of is much smaller.

The multi-dimensional credibility technique both improves and
worsens predictive stability, in different ways. Predictive
stability is improved because data from more common minor injury
types is included and these claims are more stable from year-to-year
than the less frequent major injury types. Predictive stability is
worsened because class level data is used, and the claims for each
class will be more volatile from year-to-year than the claims at
the hazard group level.
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*HE AR Ei=E T 5] = fiexperience rating plans o d i o & — @Plan
%’Kiﬁ'léﬁw B2 P2 b Bl E40T A77

Plan 1
Predicted
Risk |Modification
Number Factor Error
1 1.2 25%
2 1.2 25%
3 0.8 20%
4 0.8 20%
Plan 2
Predicted
Risk |Modification
Number Factor Error
5 1.2 15%
6 1.2 -15%
T 0.8 10%
8 0.8 -10%
Plan 3
Predicted
Risk Modification
Number Factor Error
9 1.2 5%
10 1.1 3%
11 0.9 -3%
12 0.8 -5%

#4 Bl & JxMeyers/Dorweiler criterion and% least squared error criterion
ﬂrﬁijiéﬂﬂgfﬁ-ﬁ % ¥ 2_experience rating plan e

(%% ]

The least squared error criterion would choose the plan with the smallest
sum of the squared errors. Based on the given errors for each plan, Plan
3 will best satisfy this criterion.

The Meyers/Dorweiler criterion would choose the plan with no correlation



between the modification factors and the errors. Plan 1 has larger errors
that correspond with larger modification factors, so there is a
correlation. Plan 3 has positive errors for larger modification factors
and negative errors for smaller modification factors, so again there is
a correlation. Plan 2 exhibits no correlation between errors and
modification factors, so Plan 2 will best satisfy this criterion.
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iz yxRobertson ” NCCI' s 2007 Hazard Group Mapping,” * 4cif 2 k-means
algorithm w & R* %% -

(1)3#F k-means algorithmériv & iT o (24 )

(2)7#F # * k-means algorithmi& {Fcluster analysisz & % ¥ 2 3 £ i

i# #14 (desirable optimality properties) (24 )

(£%7%%)
1

~ \\?{r

(
1. Assign classes to k arbitrary groups

1i. Calculate centroid of excess ratios of each group (essentially
weighted excess ratios)

111. Compare excess ratios of each class to those of all centroids
1v. Move each class to group with closest centroid

v. If any classes move, go back to step 2 and continue

(2)

k-means clustering is equivalent to maximizing the R-squared statistic
in linear regression. It maximizes the variance between groups while
minimizing the variance within each group.
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FoFAPF RGOS OHNEIRS LG ARERE UL 300,000 ~ 0 B

P AEYEES T T 100K R G o Fl s A et A A A 0 ALITRG A TR

fe ki *UE 500,000 ~ 0 Rt FrE A BRI H PG RBE O FFEEL
Bt &Kt BT RAREEE P E > L4 SR EF 2T 500, 000
AR o & g S 32 pE 400,000 & A A A AR e el R £ 5 0 F e

PEAFEE ¢GRI DY G

[%572%]
B AL F% &) 0 FEE R %'k (Surplus Share) £ 4z 2F P2 A% £ i%'& (Excess of loss)

A $100,000 excess of $400,000 excess-of-loss treaty will have a retention
of $400,000, so the insurer retains all of the exposure on the $300,000
policies and only $400,000 in exposure on the $500,000 policies.

A Surplus Share with a retained line of $400,000 and 1 surplus line
purchased (1 x $400,000) will allow the insurer to retain all exposure on
the $300,000 risks since they are below the retained line. On the $500,000
risks, the retained percentage would be 80%, so the insurer will retain a
maximum of $400,000.
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AT ] L ELA G
(DLDC14)
4 Az 4548 & (Occurrence Exceedance Probability (OEP)_
(2)C14)
E LAz A% F (Aggregate Exceedance Probability (AEP)

[

\\\?{r

Y%
(1)0ccurrence Exceedance Probability (OEP) The OEP is the probability
that at least one loss exceeds the specified loss amount.

(2)Aggregate Exceedance Probability (AEP) The AEP is the probability
that the sum of all losses during a given period exceeds some
amount.
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MAZG 27— ®E 284 7 505 4 g dxfs 5 (OEP) T2 -

FLEF g~

L | F A AARE

WA A (OFP)

10000| 200 0.0001
500 56 0.002
200 20 0.005
100 12 0.01
50 T 0.02

(1) (1.5 &)
E AAA Frg o F o X anh e R F250 Ei&ﬁﬁ?ﬂﬂ s PML © 3+ & ¢ PML -
(2) ( 1.5 »)
AMA Frg 2 P2 T A8 N BE MAE LR g RRaE 500 £
EﬁﬂFmPML
Mjﬁ@ﬁﬂﬂ FAadr A P A N 20% TS (T LR
@w&wm@@
e 1/@1 67 7 g A xs 4ﬁ§£m?ﬁéf ak? /a 100%4 4

[55i2%]
(1) 1/250 = 0.004 > * &24E > > 0.002 £ 0.005 OEP & i 250 # i §F 4
79 PML
20M+(56M-20M)/ (0. 002-0. 005)*(0. 004-0. 005)=32M
(2) »w F R A D andf 4 £37=00M*%0. 2=10M » »* F R FA DS T I A
=0oM-10M=45M
% 1 k& diendp 4 & 2F=6M*%100%=6M
5 2K A edp & & 37=12M%90%=10. 8M
5 3K Al edp £ & 37=23M%80%=18. 4M
AN Arg = @2 p ¥R % £ %7=00M-10M-6M-10. 8M-18. 4M=9. 8M
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SR PHL 2007 F 12 7 31 P 0w EN TN FEL BG L 92 B AL

T ER (B R | ERFA | FRDF | FAFE | LB T VYR
000,000 | 000,000 | &% %]+ | F]+ ¥+ ¥+
2003 1,000 555 1.250 1.010 1.338 1.159
2004 1,100 1,638 1.200 1.025 1.262 1.126
2005 1,210 614 1.120 1.065 1.191 1.093
2006 1,331 552 1.075 1.250 1.124 1.061
2007 1,464 481 1.015 1.750 1.060 1.030
Eol 6,105 3,840
¥t E R 2004 £ 4 1,000,000,000 ~ F {@pEFACH B EREAE LA
Gy * AP bR R
Frcy 1.5%
gy 6.0%
FER U A £ 1.5%

(a)3* 8 L QPR » 5 & B2tz ES SN I (2.5 57)

(DA E CHT > o% B S L H 4o F(load) 5 2LE L4F 4 2 15% »
FTEFE U2 REEL K o (2557)

(C)EH P& R 27.5%0 £ &) > | Frg 4 PRI E 5 05%PF > | R

A REEaEes 2 (153)

|
\\\?’;x»
ol
=y

8
AN
D

(a) I assume losses include ALAE, and loss trend and development factors apply
to losses and ALAE combined. This assumption is really related to part (c) of the
problem.

[ assume the loss trend factor already includes the impact of the increases in
property value, so the property value inflation factor will only apply to premium.
(1) (2 () (4 2*3*4(6) (7) (8) 6*7*8

AY EP

2003 1,000 1.250 1.159 1,449 555 1.338 1.010 750




2004 1,100 1.200 1.126 1,486 638 1.262 1.025 825
20051,2101.120 1.093 1,481 614 1.191 1.065 779
2006 1,331 1.0751.061 1,518 552 1.124 1.250 776
2007 1,464 1.015 1.030 1,531 481 1.060 1.750 892
Total 6,105 7,465 4,022

Note that the cat loss was subtracted from column (5) for the 2004 year in the
table above. This is because we want to estimate a non-catastrophe loss ratio in
part (a), and in part (b) of the problem we’ll apply a separate catastrophe load.
Expected Non-CAT Loss and ALAE ratio = 4,022 / 7,465 = 53.9%

(b) Expected Loss and ALAE ratio incl. CATs = (53.9%)(1.15) = 62.0%

(c) Combined Ratio with 27.5% ceding commission = 62.0% + 6.0% + 1.5% +
1.5% + 27.5% = 98.5%

Since the target combined ratio is 95%, and 98.5% > 95%, the reinsurer should

reject the proposed ceding commission being 27.5%.
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& yxSkurnick’ s “The California Table % ® 7% » w & 10T B 47 ¢

Bt ASCUEESIA Y Rl SCUERSIEA

1 10% 1 10%
2 20% 2 20%
3 30% 3 30%
1 40% 2 40%
2 50% 3 50%
5) 60% 6 60%
4 70% 4 70%
4 80% 5) 80%
4 90% 2 90%
0 100% 1 100%
2 110% 1 110%
2 120%

a. (24)

i3+ ¥ loss elimination ratio

b. (3% )

70 0% 5] 120%2 B > & 10%4F % 5 «FTable L charges and savings

(%% ]
a. E=[(0.140. 4)x1+(0. 2+0. 5+1. 1+1. 2) x2+0. 3x3+(0. 7+0. 840. 9) x4+0. 6x
5]/30=0. 667
E[AX]=[(0. 1+1+1. 1)x1+(0. 2+0. 44+0. 9)x2+(0. 3+0. 5)x3+0. Tx4+0. 8x5+0. 6
x61/30=0. 6
K=1-E[A*%]/E=1-0. 6/0. 667=0. 1
b.
% of risks
) ) losses
Loss | Entry | risks |risk/total| at . Table L|Table L
ratio | ratio at risks higher i next charge | saving
) ) layer
ratio ratios
0% 0.00 0 0.000 1.000 | 0.150 | 1.000 | 0.000
10% 0.15 1 0.033 0.967 | 0.145 | 0.850 | 0.000
20% 0.30 2 0.067 0.900 | 0.135 | 0.705 | 0.005
30% 0.45 3 0.100 0.800 | 0.120 | 0.570 | 0.020




40% 0. 60 2 0.067 0.733 | 0.110 | 0.450 | 0.050
50% 0.75 3 0.100 0.633 | 0.095 | 0.340 | 0.090
60% 0. 90 6 0. 200 0.433 | 0.065 | 0.245 | 0.145
0% 1. 05 4 0.133 0.300 | 0.045 | 0.180 | 0.230
80% 1.20 6] 0.167 0.133 | 0.020 | 0.135 | 0.335
90% 1. 35 2 0.067 0.067 | 0.010 | 0.115 | 0.465
100% 1.50 1 0.033 0.033 | 0.005 | 0.105 | 0.605
110% 1. 65 1 0.033 0.000 | 0.000 | 0.100 | 0.750
120% 1. 80 0 0.000 0.000 | 0.000 | 0.100 | 0.900
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(D

SHEARErRE SR £RET TR
Type of | Earned Number of Pure
Vehicle |Exposures|Claims per year| Premium
Type A | 150, 000 4,000 400
Type B | 80,000 5, 000 600

B 4RI Type A% Type BA S 2808 5§ F R P L2 3 5 5
st b £ 1@ M (statistically sound) ° (44 )

(2)

SHEAR@FE SR AT A A
Type of | Earned Number of Pure
Vehicle |Exposures|Claims per year| Premium
Type A | 50,000 3, 000 200
Type B 200 30 2000

B AR Type A 2 Type B A & 2887 3 F A3 sl ot iz LT 5
3 st £ (statistically sound) (4 4 )

[
(D

There would be homogeneity within each class. There are enough exposures

\\\?’;x»

$13%]

in each to have statistical credibility. These are mutually exclusive
classes that could not be manipulated by the insureds. There are
significant differences in pure premium. Yes, assigning Type A and Type
B to different classes would be appropriate.

(2)

Solution 1: Don” t split type A and B

No, assigning Type A and Type B to different classes would not be
statistically sound. Even though Type B has much higher pure premium than
Type A, there are only 50 exposures for Type B, which is too small to derive
statistical conclusions. The high cost of Type B may only be random loss
fluctuation.

Solution 2: Split type A and B

Yes, split them intodifferent classes. While Type B has very small volume,
examining the credibility-weighted differences between the types would
still bring value. Type B is significantly worse in pure premium, and some



of this difference would remain after credibility-weighting.



20 : (3 ~)

- BHFIAFERGR L v or @By Fer L RES A RH D TAeT
I 7 350, 000
A R 0. 284
# 4% {4 v insurance charge 0.12
Y T L 1.08
FBA o B 1.035
FY AR & § L) 0.22

s Ay

\\\?{.x»

$13%]
EB=b-c(X;-Sy )E=0. 284-0. 12=0. 164
E=(e-EB)/(c-1)=(0.22-0.164)/(1.08-1)=0.7
1-D=T(et+E)=1. 035%x(0. 22+0. 7)=0. 9522
GCP=SP(1-D)=350, 000x0. 9522=333, 270




