G6 # % 3 % % &

Ql. (4 4)

(DFFEAREFR IR ZBEFTFTH
Type of | Earned Number of Pure
Vehicle |Exposures|Claims per year | Premium
Type A | 250, 000 8,000 300
Type B | 100, 000 6, 000 500

8 AR ARt Type A% Type BA 2288 7 % SR FRP L2 L7 25
st b £ 1@ M (statistically sound) o (24)
MFHFEAREFR IR ZBEFTIFTHR

Type of | Earned Number of Pure
Vehicle |Exposures|Claims per year | Premium
Type A | 40,000 2,000 100
Type B 400 80 1,000

WE AR Type A2 Type BA =+ 287§ F R P iz L7
£ 5 k3t £ (statistically sound) ° (2 4 )

\\\?{r

[%572%]

1. There would be homogeneity within each class. There are enough
exposures 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 into different classes. While Type B has very
small volume, examining the credibility-weighted differences
between the types would still bring value. Type B 1is
significantly worse in pure premium, and some of this difference
would remain after credibility-weighting.

[fzp 4 &) AAA : Risk Classification Statement of Principles
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Q2. (6 %)
EHEFRY GLM ~ 478 % fr e T 4h
(1) Fr&- 5T 5 FF 0 r GLM A {74 I F $Hehg, 2: (3 4)
L. Limit of liability.
1. Number of coverage changes during the current policy period.

1ii. ZIP code of the garaging location of the automobile.

(2) # EEF4* log-link function and a Tweedie error distribution (1<p<2)fi i} 4
R HCA] 0 P 290 F AR fGE O S ECRIZ 2 o (15 4)

(3) F* #p fFEp > GLM B3] ¥ B 4%k > & AT p f 3 Bl 2
SR w2 ff O flicke i o 2T GIMBET) P o (15 A4)

[
(D

Samp le Responses for [a]

\“ﬁr
o

2% 1]

e Including limit of liability in the GLM can lead to counterintuitive results such as
lower relativity for higher limit due to correlation with other variables not included in
the model.

e Including limit may give unexpected results like lower rate for more coverage due
to adverse or favorable selection.

Sample Responses for [b]

e The information will not be available for new business since we are building a GLM
for the prospective period.

e Number of coverage changes is likely to change from what it is in the current policy
period and thereafter year by year.

Sample Responses for [c]

e Too many ZIP codes to include it in the GLM; using a spatial smoothing technique
would be more appropriate and include the determined value for ZIP code as an
offset term in the GLM.

e Sparse data creates credibility concerns and it will add too many degrees of
freedom to the model.

e There are too many ZIP codes to be used in a GLM. Furthermore, aggregating them
into groups will cause a great loss of information.

* Too many ZIP codes create too many parameters which will potentially lead to

overfitting

(2)

eDeductibles should lower frequency (small losses below deductible not reported)
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but increase severity (since claims that do get reported are higher average cost). This
violates the assumption for Tweedie that variables move frequency and severity in
the same direction.

» Deductible factors may produce higher relativities at higher deductibles due to
factors other than pure losses elimination:

1. Insureds at high loss potential and high premiums may elect high deductibles to
reduce premium 2. Underwriters may force high deductibles on high risks

e Deductible factors are likely correlated with other factors outside of the model and
may give non intuitive results like paying more for less coverage; for example

because underwriters force high risk insureds to purchase higher deductibles.

(3

eThe deductible relativities can be calculated using a mix of experience and exposure
rating and then included in the GLM model as an offset.

e Determine deductibles relativities by means loss elimination calculation with
historical data [i.e., portion of loss not paid because of deductible E(x;d)/E(x)].
Include the relativities as an offset term in the GLM.

* Deductible relativities should be determined based purely of loss elimination,
outside of the GLM model. Then they should be included as offset factors in the log-

link function as +In(relativity).

@I |

Goldburd : Generalized Linear Models for Insurance Rating



Q3. (4 %)
T & Tk %3 ¥ experience of a single private passenger car 2. ¥ 12 & 0 K EEAL 2

# PR € Poisson distribution °

Last Earned Premium at Number of
Group Accident Car Years Present B Rates Claims
A 3 or more 450,000 300,000,000 20,000
X 2 350,000 200,000,000 17,000
Y 1 50,000 100,000,000 10,000
B 0 X 35,000,000 10,000
Total 850,000+X 635,000,000 57,000

(1) 3% credibility for an insured that has no claim-free years=0.15 » 33+ % X & o
2.5 )
() 38 2& 0 ®IpE2 ¥ 1 R (credibility for the group of risks that have been

claim-free for two or more years) (1.5 4)

[

\\\?{r

$13%]

1)
Mod=(10,000/35,000,000)/(57,000/635,000,000)=3.183

Mod = ZR + (1 - Z)

3.183=0.15*R+0.85 , R=15.55

R=1/(1-¢"m)

m=0.06646

m=57,000/(850,000+X)

X=7708

@
Mod=[(20,000+17,000)/(300,000,0004+200,000,000)]/(57,000/635,000,000)=0.8244
Z=1-Mod=0.1756

(i2p 21%]
Bailey & Simon :An Actuarial Note on the Credibility of Experience of a Single

Private Passenger Car



Q4. (4.5 4)

i dxRobertson” s 7 NCCI' s 2007 Hazard Group Mapping” - < ¢ $&* 2
proposed hazard groups @ #¥iwiip 37 + & American Academy of
Actuaries’ " Risk Classification Statement of Principles.” 2. % & -

[

\\?{r

Yi3E]

New hazard groups reflect the 3 statistical considerations of the AAA
1. Credibility: assigning a credibility of z ::n1h1(Z§E*iL5,1)gives

larger classes more weight to permit the calculation of more
accurate predictors of excess ratios.

2. Homogeneity: clustering analysis using k-means algorithm is used
to assign each class into a hazard group. k-means has the
property to minimize within variance and maximize between
variance so new hazard groups are homogeneous.

3. Predictive Stability: since current hazard groups were used as
the complement of credibility, this provided stability in the
class excess ratios, while still recognizing any changes that
were credible.



Q5. (6 4)

4 8 A R 44 excess of loss workers compensation policy i {7 2§ » F

FLheT

® injury types: fatal, permanent total injury (PT), major permanent
partial (Major), minor permanent partial (Minor), temporary total
(TT), and medical-only (Med).

® A multi-dimensional credibility technique (predicted) was used to
estimate the frequency for class 5160.

® (lass 5160 is in hazard group F.

® The hazard group relativities for Major, Minor, TT, and Med will
be used.

® The multi-dimensional credibility relativities for PT claims will
be used.

® (lass 5160 is in Quintile 4 for both Fatal and PT claims.

Hazard Group F

Fatal PT Major | Minor TT Med

Frequency 0.005 | 0.006 0.1 0.3 1 3.5
Relativity to TT
Severity Relativity 80 100 50 8 1 0.5
to TT

Loss Elimination 39% 20% 60% 100% 100% | 100%
Ratio at $200, 000

TT Frequency per $100 payroll 0.0002

TT Severity for Hazard Group F $8, 000

Hazard Group F for Fatal Claims
Predict Raw Holdout
ed Data Sample
Quintile 1 0. 86 0.8 0. 91
Quintile 2 0.92 0.9 0.95
Quintile 3 1 1 1
Quintile 4 1.05 1.15 1.04
Quintile 5 1.15 1.25 1.09
Mean 0. 86 0.8 0.91




Hazard Group F for PT Claims
Predict Raw Holdout
ed Data Sample
Quintile 1 0.85 0.8 0.9
Quintile 2 0.95 0.9 0.96
Quintile 3 1 1 1
Quintile 4 1.1 1.1 1.04
Quintile 5 1.15 1.2 1.08
Mean 1 1 1

(1) 3+=% £_F &+ * multi-dimensional credibility relativities Py
expected loss for fatal claims - (24 )

(2) =¥ % (1) 3% % > 373+ ¥ expected loss for an excess of $200, 000
workers compensation policy with $20 million in payroll - (44 )

(5~ j%]

We want to use either the Hazard Group, credibility technique, or the
raw data for fatal claims, based on which has the lowest SSE
(compared to the holdout sample).

SSEPredicted = (0.86 - 0.91)"2 + (0.92 - 0.95) "2 + (1.00 - 1.00) "2
+ (1.05 - 1.04) "2 + (1.15 - 1.09) "2 = 0.007

SSEHazard = (1.00 - 0.91) "2 + (1.00 - 0.95) "2 + (1.00 - 1.00) "2 +
(1.00 - 1.04) "2 + (1.00 - 1.09) "2 = 0.02

SSERaw = (0.80 - 0.91) "2 + (0.90 - 0.95) "2 + (1.00 - 1.00) "2 +
(1.15 - 1.04) "2 + (1.25 - 1.09) "2 = 0. 052

The Predicted relativities result in the lowest Sum of Squared Errors
for fatal claims, so they should be used for multi-dimensional
credibility relativities instead of the fatal claims or the raw data
relativities.

(2)

[ assume that the payroll is all for class 5160.

For Med, TT, and Minor, the contribution will be $0 since the Loss
Elimination Ratios are 100%,

Major: [($20, 000,000 / $100)*0.0002%0. 1*1.00]* [$8, 000%50]*(1 - 60%)
= $640, 000

Since PT and Fatal uses the multi-dimensional credibility

7



relativities, look up the value for predicted for Quintile 4

for PT claims to get a relativity of 1.1 relative to the hazard group
frequency.

PT: [($20,000,000 / $100)%*0.0002%0. 006%1. 1]* [$8, 000%100]*(1 - 20%) =
$168, 960

for Fatal claims to get a relativity of 1.05 relative to the hazard
group frequency.

Fatal: [($20, 000,000 / $100)*0.0002%0. 005%1. 05]% [$8, 000%80 J*(1 -
35%) = $87, 360

Total Expected Excess Loss = $0 + $0 + $0 + $630, 000 + $168, 960 +
$87, 360 = $896, 320

(2P 4]
Couret & Venter : Using Multi-Dimensional Credibility to Estimate
Class Frequency Vectors in Work Comp



Q6. (4.5 4)

i
=

# %) & #g(individual class)z 42%f'* #|(excess ratios )H ¥ — B3

&multi-dimensional credibility technique °

;ﬁ-f]**u'f 7378 Lzt B P gt 2 2 iR3testimating excess ratios by hazard

group:
1.

11.
111.

Homogeneity
Credibility
Predictive Stability

[55i2%]

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 1s 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 1s 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.

[s2p 2]

Couret & Venter : Using Multi-Dimensional Credibility to Estimate

Class Frequency Vectors in Work Comp



Q7. (8 #)
HHEFRT $41 <p <2 i Tweedie /\ﬁ%*ﬁi - B EF A R A
'? nf.-rﬁ(Workers Compensatlon)m%\ “’»F % (manual rates)- 3% «»—ﬂ]@;} 4 & 100 &

7 (payroll) s i 5 o SZHCA] S & g ke ™ !
% ¥ TLEREFTA KRR P value
A ¥ cRC SRR N 1S 0.002
A F 3 ErLIEFS i 7 0.008
B PPN 0.003
R ?x,ﬁ T yogk g * E i 0.005
g 0.080
E1d g A¥wEF g By 2R 0.150
HEFF AR Ry T R A% R FTfrEr L 74 o
(a)(1.5 #)

FEm e N BREAE R FREEY LR F R et it Y g T
% o

(b)(1.5 4)

CEGREE R L SR A Bt S o P L
(c)(1.5 #)

R iEz B TRk feif log link GLM model #3] o 236 %00 T #07)
S 82 Wi ¥ 0% 14 1 b & (Manufacturing Workers Compensation risk) » 3+ & #
B M Hp B gt bt iR %% (standard premium) e

Fe Coefficient
Intercept 065
£ iE :
R17 R -0.04
RFFEwrI v 1 2 02
AEH R 0.35
AFu T HE 0.55

10



W En e T £
1 1,000,000
s h
LFFET LIPS ﬂ
LBy FEY R R4 12,500
=] 3;?3 3 1,200
F P ¥ (FF A 15%
Sy S0 ¥ #(K) 10,000
(d)(1.5 ~")
HEEF &7 ¥ 148 G b e 2Rp(sizeof risk) » /7 R EAE 4 F Y

&"F% m]’]%\ ’ v&\f'—l? H—r—]— ° f; 7 ::I_—,_ ﬁfﬂlléli_‘l-_ﬁi'\ Iﬁ,(larger nsks)ﬁ’:ﬁj&iﬁﬁi)’i ) —}g}—
R DAY her - BRECBITI AR ITA T B o R 2 B F e
E} o

Actual vs. Modeled Expected Loss Ratio
80% : —_ e — _——

8 75% - - R

f 70% A, A\

EGS% —NW

3 60% '

S 55% |- — —— _—

50% e e e ———————— — — ———
o ) o )
A S A S A O O
K ¥ ,\jo@' & & & Q@” Qooﬁ’ QQ«"’ & N
P o o OF . ;
N v S & P &
Manual Premium Range
—+— Model Expected Loss Ratio == Actual Loss Ratio

(e)(2 A\)
HEFR AT L F 530 d Kk - R F 50,000,000 ~ i0RTa 2 o i E O en
. *& (Construction risk) °
i.(14)
?%‘?wﬂg Bt R Fo FEET AR A 3;?7"'?‘?1 eeh 0 B B AR o
i. (1 4)
EREREY - ET HEMP AT ZEIREE A E RS
AN mlﬁg‘!—. °

Fo] p E2EF M FP A 99.800 VKM F B G MR F M o U i AR

11



BRI L AP~ &5 % % (objective) ~ F * 4 (practical) 2 ¥ £ 2 *F AT @ o

B Ffp @24 i Fut & 99.506 kT + B4 Wb B F L o ﬁl TR

Bl AR AR A A BIE AR RE > 2 S ¥ (practical)ehd R kg o FRE Y &P

m“Lr)a Aacndicdy @ ® G /R wﬁﬁl - E P DBACHEE o k- R

PER oM o THAT P ORIILINAEG H o

EwLiEd tp EAEF 0 Fpt e 99.2%0 kT F B M E R A o T

AR PR AR A G FIRM G G v P 1_‘“ A Tl )

Fa s s LR o

(b)

R E# A e R kg > 0T B32e 20 %d Flavihp E2AF M 5

0.003= i & >vwi&e @ 2 f 1 FRERES RAM - hok Lipho 7RG

TR Ao KR ]%L(practlcal)mgt)?. kg g&kR* afarry R

mﬁ%’ﬁf“~$v%ﬁlﬁ ENN I} ST PR

R M AR kg 0 R - fﬁ;&+§@§f:’p B 5 008 m »d 314

AP ez T a0 Fly Feoa £ o FPL AL FlE R FE A R o AT iy R ki

F%?fﬁﬁ_’x* Rk B

Aalf iepBdd 015, FUAMATLR RS ¥ 3 Lo Bl p

by 4 F mgﬁp;}g Gl A E OB S Fag R N T To B )

A U R A e T ARG R RS e

(©)

PPrate # % 3= exp(-0.62 - 0.04 x 5) = 0.4404

PP 15'—; =0.4404 x (1,000,000 / 100) = 4,404

Manual Prem % %% % = (4,404 + 1,200) / (I - 15%) = 6,593

Mod = (12,500 + 10,000) / (4,404 x 3 +10,000) = 0.97

Standard Prem %% %% =6,593 x 0.97 = $6,395

(d)

R VELE = Efﬁ{:}?’* ciRiaE gk? By X203 o ¥ £ F(overlap) » #-
g FIRCAY § RRE AR A4 S -

.« FitH fﬁ'(:}ﬁ« T i H - ¥ P gk 'k~ | (risksize) 0 B F T BB
PLF Lk e A PR R OT SR X A R FE G
B g+ R % (largerrisks) { & o7 3 B o

.« HAEZF R A N MEBHRARGORERE-VEIVAE
AP iE B el 2 lich (training data) > iE - B AT YA KRR PFE G
i I R

FEEFRNP 0 RF RAFEATHE > TS BRFEvIERE 4 R 5



o o 3 E e Bk (larger risks) 0 FRYR(A)FR A DB £ 0 BAF A A S B

ii.

R w5354 (Retro rating plan) o w i@ R F 3 ke § 2 AT G
AEEREG P PR R RGP j@&fu ﬁ'flf?-%— Baeiy = 5 ficdpe * 0§
PRGEFAS RS EERRL FE P LAY o Bk
T AR FE 0 Fladrk s P g AEagRH B AN §EFRKDERY SR

A~

]’%Kﬁ;}ﬂ‘ i [ :&&Fi lﬁl%§1°

[32p 4]
Fisher “Individual Risk Rating”
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08. (2.5 4)

% T X fgEw @y F 3+ 4 (balanced retrospective rating plan) ci4a B 3R
0§K A r‘ﬂ:}ﬁ' 4 =$40,000

B F 3 N 2 = $240,000

odp A fﬁé;%a? #]+ =1.05

e e = 510,000

TEABETEHEE AL L GE RSk

Ji Kﬁ? R 7r 7\;;}?'}‘

20,000
40,000
80,000
80,000
120,000
140,000
160,000
240,000
280,000

10 440,000
()2 A )3t BAL G A F AR T Bk B R o
(b)(0.5 & )i B fris— AR7F ¢ KT b A FE B R F AT A Ky BE
2R G A Gk

OO (N OO || DWW |N |

TR A

1 275,000
2 300,000
3 500,000
4
5

700,000
800,000
HEFEREL A BFMORE & WSy v 0 BRE B ARG L D
W i 3 (retrospective premium) o {3 A B EF OB £ F £ T2 o

14



[

(a)
AssumeT=1
B=e-(c-1)E[A] +cl
E[A] = avg of 10 risk losses = 160,000
I =((280,000 - 240,000)+(440,000 - 240,000))/10 - (40,000 — 20,000)/10= 22,000
B =10,000 - (1.05 - 1)(160,000) + (1.05)(22,000) = 25,100
G = 25,100 + 1.05 x 240,000 = $277,100
(b)
R T BRGEF VERADI0 BRG] S > FEET P Kg
BF AP A bGP A A G T L oo Rk B0g 4 SRECE Rk
10 B b *& 4P 02 (E [A] = S 160K) » 7R A& & 3THcyp #-F HAR e A IR AR A e
insurance charge °

\\?{r

Yi3%]

[22p 4]
Fisher “Individual Risk Rating”
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Q9. (3.54)
AR AT BY - B 2 R P I (retrospectively rated)3t F fr e i1 A2
#enp f#E3 & (deductible plan) » 3 200 T F 3¢

© A 4ra

* A F U $150,000
B VR4 $500,000
© MpEAenp fOFR

F X Ewp pAE $150,000
KBl A 7 $500,000

The following apply to both plans:

TR L AR $440,000

ARV BB A $350,000

XA FRCOUEE BV B S A $325,000
TR R Aties B

B REF (2450 & {of1E) $100,000
TR 7 * BAE A P A 10.0%
RS S 3 1.05
(a)(1.5 &)
MR Ak R kg o KA BPEPED ERRE A GRS RER fop
e

(b)(1 %)
B FIG A ek B o G B A Byt E Y - B SR ERP

(c)(1 #)

FOIEA I €45 (b) MY HEITRHREE AL ey J IR DH LR
J;]’Q o

[
(a)
Expected Retro prem ¢ #f w j# if 7 = (440k x 1.1 + 100k) x 1.05 = $613,200
Expected Ded Policy losses p £ %f iﬁvﬁf TR R A
=440k - 325k = 115k
Expected Ded Policy LAE p f %f i%H sp #p 32
= 10% x 440k = 44k
Expected Ded Policy Prem p § %f % ¥ F8 8 i% %
= (115k + 44k + 100k) x 1.05= $271,950
Retro total cost of insurance ¥ 7 if 7 3+ % = &= §613,200

\\\ﬁr

$i%)

W

%df'*

16



Ded Plan total cost of insurance p § %f (= H 3+ & ¢t &

=$271,950 prem + $325,000 retained = $596,950

The lower total cost for the deductible plan is due to the tax multiplier applying to a
smaller premium based on just excess losses.

fop TP S AR ek e P B - Bl Y A AT S B3
Wk op ATAZIEREAD)

(b)

Solution 1: Recommend the Deductible Plan

| would recommend the deductible plan as it results in lower expected costs for the
insured, and a lower initial outgoing premium cash flow for the insured.

A LHER YR

AEEH BT IR U RALEIE A OTEE A R M R RIRE A A
oAl et i3 (outgoing premium)IR & i € g i o

Solution 2: Recommend the Retro Plan

| would recommend the retro plan as the insured can potentially have lower costs if
they have very good experience, and the insured will be able to tax deduct the higher
insurance initial premium.

> % 2 4& g v #3F (Retro Plan)

A gaEkw it (RetroPlan) > F] 2 45 4 S22 4 4 > AR R A Vi € F R M
FAO TP BORGEAAFFTRAREEGAZF LR L ir‘ﬁﬁ °

(c)
Corresponding with the deductible plan:
Any 2 of:
* Increasing deductibles would lower premium, and would further reduce the cost of
insurance since the tax multiplier would apply to a smaller premium.
e Changing to a self-insured retention with an excess policy would give the insured
greater control over losses below the retention and would further reduce expected
costs.

e Lowering deductibles would provide the insured more certainty in its total costs

(though they would likely be higher as premium would increase).

(c)

B LV RANHE

FES B

H P ARG ENER L2 Fik- HEREG SR FL R T TR
1'§m1}‘|’¢% o



oiz L p i p f i (self-insured retention)#E fie 42 #F - H (excess policy)#-i& 4% i
AR LR RO G A T A A

FMp BIERRAREG A DRI AL TG EEF R T e B AT
£L%)e

Corresponding with the retro plan:

Any 2 of:

e Changing the retro to use the retrospective development option would allow for
more predictable cash flows for the insured.

e Adding holdbacks to the retro plan would defer retrospective premium adjustments
to a later date when losses have reached more maturity and would result in more
predictable cash flows for the insured.

e Adding a minimum ratable loss could reduce the basic premium

v w st 4 (retro plan)4p $ &

s B oC

e xwmitd - @ H g% w g B E 78 (retrospective development option) #- 3 4%
Feig A e e FARRIOIR L o

o ¥Fif i3t F 4v b ek (holdback) i 2 > Keif iRy A FERER A fS 0 RAFAE T L
BTFESRDPH > T EARAFEGAF R VIFRORENE -

o3 4v B P11 G £4F % (minimum ratable loss) > ¥ " A A R f o

18



Q10. (3 »)
TR AZARS W A TR N P enE e S

w0 4 A AR 0 4

10,000 0.0001 100,000,000

500 0.0020 25,000,000

200 0.0050 10,000,000

100 0.0100 6,000,000

50 0.0200 3,500,000

33 0.0300 1,750,000

25 0.0400 750,000

20 0.0500 250,000

(a)(1 ~)

Pt o PV R R e R G W F 250 £ nd TR O Gt B v
250 & g < F oA df & o

(b)(2 ~)

Pt o P AT R T FOMEMAE (f RN 0 RIRR G FH 500 £
ikt TR A

FAOVLIEE RSN A1 30%1 20 F F g A PR Bzt ik g
S [/

% -k 127 F 1t 37 g (excess of loss treaty $3 million xs $2million
% -k 157§~} 57 g (excess of loss treaty S5million xs $5million

%=k 110 F § ~ 1} 915 7 & (excess of loss treaty $15 million xs $10 million

ALY el 225 F F e RAA o
i EARREE BREGE L R E P T RTL o

PML stands for Probable Maximum Loss, which is the largest loss likely to occur in a
given period of time with a given probability of occurrence. The 1-in-250 year PML is
the largest loss event expected to occur over a 250 year period. 1 / 250 = 0.004

PML A 4 7 iy ed * 54 » S a8 T 4 i fo—- KRN » 977 i 4
ik < 4f A ‘}ﬂfif?ﬁF 250 # i~ T oA 4p A H AR 250 £ B A B S Jp A

19



¥ i+ - 1/250 = 0.004
1-in-250 year PML(¥ it 78« ~ 4f % ) = Loss(4f % ) at OEP of 0.004 = $10M + ($25M -
$10M) x(0.004-0.005 )/(0.002-0.005) = $15M

(b)

Ceded to Quota Share = 30% x min($22.5M, $20M) = $6M

Remaining loss = $22.5M - $6M = $16.5M

ML B R & ) 2 45 % (Ceded to Quota Share)=30%xMin(22.5 § § ~, 20
PE =678~

FIRIT2=2025FTH ~ -6 F & ~=165F § ~

Layer Insurer Layer 1 Layer 2 Layer 3 Total
0-$2M S2M $2M
$2M-5M (100%)$3M=53M $3M
$5M-10M (10%)($5M)=50.5M (90%)($S5M)=$4.5M S5M
$10M-16.5M | (25%)($6.5M)=51.625M (75%)($6.5M)=$4.875M $6.5M
Total $4.125M $3M $4.5M $4.875M $16.5M

So the insurer retains $4.125M, $6M is ceded to the quota share, $3M is ceded to
the first layer,54.5M is ceded to the second layer, and $4.875M is ceded to the third
layer.

Fp o RGP T A1 FE A6 FH A~
HA 3PP AMAFRES - KR A4
4875 F § AL R H = R ihp R4 o

[s2p 4]
Grossi “Catastrophe Modeling: A New Approach to Managing Risk”
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Qll. (2 4)

- R o T AR AT E - REH o 7 (primary insurer) & 37 1 f;‘éj‘u b
11 @ F@ (5100 million excess of $100 million)szbit G B & £ & £ 5 ° 3%
LRGP powdEF 17 R~enF £(capital) > £ ¥ TR ¥FF I DF £ ’J e
250 & w fF 4 ¥ (1-in-250 event)? Tk o dek iR ATNE G 0 L RED
P T A A T 44 (PML) S 165 B 0 L R § i@ P o
BTy

oK H O F hPML WX BER fr B %GR E

cHE 2T hERRBPMUEY FYFA )T

w8 () PML($000,000)
1,000 250
500 210
200 190
100 140
50 100
25 60
20 50
10 40
5 30
ok H o F o fd ~ PBER ¥ 2454 90,000,000 7 o
(a)(1 =)
FEBEDT 250 & v FY T R Mg g T4
(b)(1 %)

FFFI”P'ﬂ B AR ERREZLEL

[%42%]
(a)
Assume PMLs are occurrence-based.
Bk PML 240 F 2 en
Interpolate gross 250 year PML =190(210-190)/(1/200-1/500) x (1/200 - 1/250) =
196.67M
Ceded 250 year PML (loss in 100M xs 100M layer) = $96.67M
Net 250 year PML (gross - ceded) = S100M
M £ H) 250 & % fF ¥ PML=190(210-190)/(1/200-1/500) x (1/200 - 1/250) =
196.67M
A I 4F 4 Ceded 250 year PML (loss in 100M xs 100M layer) = $96.67M
Zp F 40 % Net 250 year PML (gross - ceded) = S100M
(b)
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EHXPRAG fRenb X B T2 > f4 £ 0F §
FHRFILRBA o Fl o M R E J‘"%%f&*’?f‘%’k‘ﬁ° mYd g
TR RSP PMLL6S Rex > d BER SR

B OFIF REERR FHEE . T RGO

P MOF AR LR T RFETZEY

(520 &)
Grossi “Catastrophe Modeling: A New Approach to Managing Risk”
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Ql2. (2 ~)
R FR A b 5] & S (non-proportional treaty) T i@ * 02T g oA AR

In(0.2+0.02% )=1n(2.2)

G(X) = In(0.22)-1n(2.2)

FIRZIE > %~ Tk B p T4 5 5000 § =~ > B~ ¥ i 0% - 7 (maximum
possible first-dollar loss)3g % 5 1 &~ o
A function with the form of

In(a+b*)—In(1+a)
In(a+b)-In(a+1)

G(x) =

has a derivative of
b S ficeh- FERCA G
In(b)b*
G0 = Try-inar
(@)1 #)
FE A RS P (cedant) TP F e b R R vt oo
(b)(1 =)
3+ 8 >4 (total loss) e 5 o

(3P § 32 AT A
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Q13. (2 ~)

[ AR S ISl A DR I E -

F(x) =x %% where 0 <x < 1

(@ (1)

FAE R A A TF Sofi(cumulative distribution function.) ¥ ) 9 % & 42 (exposure
curve) °

(b) (1 ~)

BRBA T AL L 4,000,000 & oo i@ F b aE(a)iRA ¢ chF M E A 1,000,000
712 }+ £71,000,000 ~ 78 & (the layer $1,000,000 excess of $1,000,000) 723 . *% iF

3’:;!-_::%:0

P
(5~ j%]

(a)
G(d)__ff[l—ﬁ(xndx__Jf[l—x°25]dx (G EiE a-osares

= = - —£d.ad41.25
Lu—F@ldx  [j[1-x025]dx  [x—(Z5)xt2s])l 1-(08)(1) sd-4d

(b)

Retention p ¥ / Maximum Possible Loss & ~ ¥ it 4f %
=$1,000,000 / $4,000,000 = 0.25

Exposure Factor % # %1+ =G(0.25) = (5)(0.25) - (4)(0.25) 2> = 0.543

(Retention p § + Limit *%E) / Maximum Possible Loss # ~ # ic 4f %
= (51,000,000 + $1,000,000) / $4,000,000 = 0.5

Exposure Factor % # %1+ =G(0.5) = (5)(0.5) - (4)(0.5) %> = 0.818
Exposure Factor for layer 3% & g & F]-+ = 0.818- 0.543 = 0.275

[f2p 1]
Bernegger “The Swiss Re Exposure Curves and the MBBEFD Distribution Class’

)
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Ql4. (4 )
Rirg o @ BEF R 0T & & W & (exposure curve) & Zhrt B G 2 o
B3R b=0.1:

G(x) = =2, 0<x<1

LHEGEP B A7 i 4 550005~ @2 iFG A ERTOHE R RS G
559 o

PHE Lk E P CETI

>

=

L # 4R 4 (ground-up loss) 3T G p FEE A R R o 7

Cedant’s share = G(retention / MPL) - G(0) = 55%
G(0)=0

1-0 1retention/MPL

G(retention/MPL) = o1 =55%

Retention / MPL = 0.296709

LRGP dAgHB FIE5000 F & 0 — B ] MPLFR4E 2\ 7 + 6 ehie
).

Fpt o B G O P K 515000 § & #- ik MPL £ 1 - 0.2697 = 70.3% ©

MPL = $50M / 70.3% = $71.09M

Fpt o A D P ek p 3L 7109 § ~--5000 § ~=2109 § ~ o

[f2p 1]
Bernegger “The Swiss Re Exposure Curves and the MBBEFD Distribution Class”
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Q15. (3 4)
FELF R FEZ R RARIN T RGP

BF A 4 oA R & (MPL)a A vt
80% 0%
6% 25%
8% 50%
4% 75%
2% 100%
(a) (1 ~)
BURE Y RG(x) > Fhir W &t coEl o
(b) (1)
BANUTEELSE NG LELRE Y R MBBEFD & 7 S ¥k bfrg:
Calculated value of parameter b
Parameter M
g 40.0% | 42.5% | 45.0% | 47.5% | 50.0% | 52.5% | 55.0% | 57.5% | 60.0%

50.0 0.0023 | 0.0017 | 0.0013 | 0.0009 | 0.0005 | 0.0003 | 0.0002 | 0.0001 | 0.0001
25.0 0.0096 | 0.0073 | 0.0055 | 0.0041 | 0.0022 | 0.0015 | 0.0010 | 0.0006 | 0.0004
16.7 0.0239 | 0.0181 | 0.0137 | 0.0103 | 0.0057 | 0.0039 | 0.0026 | 0.0017 | 0.0010
12.5 0.0483 | 0.0365 | 0.0276 | 0.0209 | 0.0118 | 0.0081 | 0.0055 | 0.0036 | 0.0023
10.0 0.0877 | 0.0659 | 0.0497 | 0.0375 | 0.0212 | 0.0147 | 0.0100 | 0.0067 | 0.0044

8.3 0.1498 | 0.1116 | 0.0836 | 0.0628 | 0.0354 | 0.0245 | 0.0168 | 0.0113 | 0.0075

71 0.2470 | 0.1817 | 0.1347 | 0.1004 | 0.0561 | 0.0389 | 0.0267 | 0.0181 | 0.0121

6.3 0.4000 | 0.2892 | 0.2116 | 0.1561 | 0.0861 | 0.0594 | 0.0408 | 0.0277 | 0.0185

5.6 0.6446 | 0.4557 | 0.3277 | 0.2385 | 0.1291 | 0.0885 | 0.0605 | 0.0411 | 0.0276

5.0 1.0469 | 0.7190 | 0.5055 | 0.3616 | 0.1910 | 0.1297 | 0.0882 | 0.0597 | 0.0400
© 1 »)

PiFRgad@t REY R fﬁ;w *TLZE (underlying limit) eng % & 5 2
- f‘;j.!-%* 2000 g -~ 2+ 8000 § ~(the layer $80 million excess of $20 million)4f

E[X;0%] = 0

E[X;25%] = (80%)(0%) + (6% + 8% + 4% + 2%)(25%) = 0.05

E[X;50%] = (80%)(0%) + (6%)(25%) + (8% + 4% + 2%)(50%) = 0.085

E[X;75%] = (80%)(0%) + (6%)(25%) + (8%)(50%) + (4% + 2%)(75%) = 0.1

EIX] = (80%)(0%) + (6%)(25%) + (8%)(50%) + (4%)(75%) + (2%)(100%) = 0.105
G(x) = E[X;x] / E[X] = E[X;x] / 0.105

G(0)=0

G(0.25) = 0.476

26



G(0.5) = 0.810
G(0.75) = 0.952
G(1)=1

12

08

0.6

G(x)

D4

02

0% 25% 50% 75% 100%

(b)

ABERP AT - BHE O 2N AFR [ 3G M%:}Ei 0
HFA T F AT B

p = total loss prob given a non-zero claim occurs

4 2L F % pR P en 2 4 (total loss) ¥ 5= 2% / (1 - 80%) = 10%

g=1/p=10

w=E[X|X>0]=0.105/(1-80%) = 52.5%

445 gfru # 3 b=0.0147

(c)

S40M / S100M = 20%

(S40M + $S60M) / S100M =100%

Portion of loss in layer & @ 3 % 3% 4 = G(100%) - G(20%) = 1- 0.476*.8 = 0.619

[f2p 1]
Bernegger “The Swiss Re Exposure Curves and the MBBEFD Distribution Class”
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Q16. (2 ~)

ARG Ao T R Aol (F L RE S A 3 (guaranteed-cost premium) e A 1t
212

(@) 4p 4 # 4 F)+ + = (The loss conversion factor increases) ? (0.5 4)

(b) 4=« "LgpH{ 4 2(05 &)

() % %7 & & B 7344 (maximum ratable loss)# +c ? (0.5 4°)

(d) B MiFR & & K7 35§ (minimum ratable loss)4f £ 3 4 7 (0.5 4)

[%+i2%]

(@) "TFFAEFEFF PB4 FrEAFAFFEBIFL > A ANER R

(b) "T¥I 4 i’%‘?fﬂi‘éﬁv P E A PRI SR Y R 0 AT RS o

(C) "TF BB FF L~ 7 (ratable)dg 2 £ 77 e 4r > BAQIER "G DR * R
Lo AR e

(d) "TFHEMEF S B MT 3 %(ratable):}ﬁ TR 4 > RAZEER R E T
(T y ER)FE o ARNEF R

[f2 7 5]
Fisher “Individual Risk Rating”
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QL7. (1 4)
4 4 AT 3+ 4 (loss-sensitive dividend plan) = & & ¢ 7 L {7 ?

[%5f2%]
AR 47 T grenh Fl ok 40 2 G5B T8 0 ARG A BEER L
Ik F A GBSV L O RIARTRA A AL TR o

(32 P 4]
Fisher “Individual Risk Rating”
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Q18. (1 4)
Bt AR T o wom g d(retrospective rating plan)f-® p 283 #1(large
deductible plan) ek *& ## 4#5 £_—- e ?

[%4i2%]

BT AR R R SRR LT R R “ﬁﬁ%%ﬂfﬂﬂ?éﬁ

® wiRp FPFAYFENE T 2ehp f 3

[ @«;ﬁa%‘gf;:%g,dﬁvﬁmg 3% 4 % (maximum ratable loss) £ 2F %3t % p f %R+
Flendp f (aggregate deductible limit) -

® winP Filj ﬁx@? 3% 45 4 (minimum ratable loss) £ %7

[f2 7 5]
Fisher “Individual Risk Rating”
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Q19. (2 ~)
® B A R AR SR 5 Avie fE B 2k 42 (Open Issues) ? (2 4)

[%372%]
Regulatory Acceptance
Public Acceptance
Actuarial Acceptance
Model-to-Model Variance

[f2 7 ]

Grossi, P. and Kunreuther, H., Editors, Catastrophe Modeling: A New Approach to
Managing Risk, 2005, Springer, Chapter 5
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Q20. (5 4)

E %k *& = & ¢ = (Portfolio Management) :

a BARILE LRGP BEF li‘-l—‘ﬁ(PortfoIio Manager) ¢ & fePoR=- B &£ & /4L ?
(2 2)

b. tit- BERFEE > R hem g2 ? (1 4)

C. E X h'sled ¢3Lv A L gl ¢ 72 (Micromanagement)fr 2 ¢ 12 (Macro
management) > = iﬁvﬁ w3k ?(24)

[%4i2%]

a. What is the average annual loss (AAL) and what is the likelihood that the company
may become insolvent?

b. To address both of these issues, it is critical to adequately model the right hand tail
of the EP curve where the loss is large and there is a significant amount of
uncertainty.

c¢. Micromanagement addresses individual policies or even locations, while macro
management considers the aggregate portfolio.

[f2 7 5]
Grossi, P. and Kunreuther, H., Editors, Catastrophe Modeling: A New Approach to
Managing Risk, 2005, Springer, Chapter 6
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(5 4)

- B o 7 DBRR R R A REEAR £ 5% (Ground-up claim experience)4e T
P& % i #c(Claim counts)(N) PR j€_Poisson 4 fie » # ¥ A = 4,000 -

%‘;% % 7 (Claim size)(X) PR j¥_Pareto » fic » 2 ? a=2> 3 = 6,000 -

Bikrg o € 4 454 4238 1 § ~ eh¥n s (excess of $10,000) -

o S A

Pareto 4 fe :

Flx)=1-— (i)a ELX;x] =L [1 - (i)a_l]

x+p x+p

m

a FEHF2ARELY ~ F PE % i+ fic(expected number of claims in excess of
$10,000) - (1 »)

b. BK4E £ £ 3 IRIZ 3 & & 1 % 5 3%(uniform annual inflation rate of 3%) -
B A EEAE 4 1 feec % 5 (the rate at which ground-up claim counts must
change) > & g & £ B AZFE4p 2 7 % (no change in expected annual total
aggregate excess losses) - (4 ~)

[

\“ﬁr

$124]

6,000
10,000+6,000

2
a. F(10,000) =1 — ( ) =0.859 4,000 x (1 —0.859) = 564

2—1
b. E[X] =222 = 6,000  E[X;10,000] = 22 x (1 (&) ) = 3,750

10,000+6,000

6,000 6,000 2-1
E[X; 10,000/1.03] = x(1-— ( ) = 3,708

2—-1 10,000/1.03 + 6,000
1.03 x (E[X] — E[X; 10,000/1.03]) 103 x (6,000 — 3,708)

= = 1.049
E[X] — E[X; 10,000] 6,000 — 3,750
! 1=—4.67%
1.049 007
[32p A

LEARNING OBJECTIVE(S): B1, B2
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Q22. (5 4)

- AR EF R b &I {S 4o PUEE T (risk-adjusted limit factors) k fa s 2§
b et R o B RERY - B2 0 P 2LR G (S 40 P LEE TS (non-
risk-adjusted limit factors) » & ¥ *¢ % %2 (policy limit)s3 B {1 {r &, ¢t 4c 3% (profit
and contingency load) -

ETREZ G o VMRS B 2HE R

® i rx i+ (Accuracy) ° (2 )

® - & % % (Ease of calculation) - (1.5 #)

® % & (Clarity) - (1.5 4)

[%4i2%]
Sample 1
Accuracy — the risk adjusted ILF is more accurate than the varying profit and
contingency because it is more explicitly calculating the risk load as limits increase.
The profit varying is more arbitrary.
Ease of Calculation — The risk load is much more computationally difficult. The profit
can be more judgmentally selected.
Clarity — The risk load has a foundation in mathematics so would be more clear to a
trained eye. But a lay person would likely better understand the profit variation.

[32 0 41 A)
LEARNING OBJECTIVE(S): B1
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Q23. (5 4)

FoFERGESFTRY A7 a2 REAZTE R F'& & 1 (excess layer

insurance contract) Z_# :

® = = =5 % M(Empirical construction of Table M) -

® i S iT AT I AR 4E 2 4 Fe(Approximating the distribution of aggregate
losses with a continuous approximation model) -

a. f§ i@ 4 17 2 $5573) (continuous approximation model) = i Bk 8L o (2 &)

b, 2 FEHPE > Gokd Mz 113 dofe * 5B & K B3R I
% o (34)

[%4i2%]
a. Sample 1
1) Lack of data. The distribution estimated can be difficult or far away from reality
due to sparse data.
2) Need more calculation. Maybe time consuming.

b. Sample 1

1) For all n risks (assume similar sizes), calculate the average aggregate loss amount.
2) Order the risk in order of their entry ratio actual/expected.

3) For each desired entry ratio (ri), determine the % of risks whose entry ratio is
above that ri.

4) Starting from the highest ratio, assume its charge is 0. The charge for rn-1 can be
determined using the layer method referred in the formula: charge (rn)=charge (rn+1)
+ (rn+1 -rn)(% of risks above rn). Repeat until all charges are complete. If desired, the
table M savings can be included by computing saving (rn) = charge (rn)+ rn -1. The
aggregate excess loss cost of an layer at G can be determined by finding the entry
ratio rG and multiplying the charge (rG)* E(A)

[32 0 41 R])
LEARNING OBJECTIVE(S): B2
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Q24. (5 ~)

- % %H 3 TFEsVp f #F M(flat dollar deductible M) » 14 2 — =t 3F & ifiE A B
Pe 4 & gF N(maximum payout on a loss by the insurer of N) -
a. & 9% < Bl(Lee diagram) k % 7 iR FH eI ¢ H A AL £3F o T T 7
2 (1)

i. #h(The axes)

ii p f %E(The deductible amount)

il %% (The policy limit)

iv. # ¥ A %% 35 % (The expected insured loss)
bk A 4E 4 PRIES e F(X) o B J1igsk (8 e 2 4 4 (covered losses) = 5% »
pulfEr L (1A)

I. 4 & ;% (The layer method)

il % =72 (The size method)
CC BERP AR ZEGE?PEFRT2RGE?2(1A)
d. @& * Z < Bk & o1 H 4 FUEE F1F - M4 2 (the consistency test of ILFs) -
2»)

[%5f2%]
a.
Jer <]
E' T Expected Loss Z/%
s . B
~.§ M l = ,//////////////// % %
1 A
) 0'2 014 0.6 DIB I1
F(x)
Expected Insured Loss = B
b.
i. J:,;:,HN 1 — F(x)dx
i f) T xdF() + (M +N) < (1= F(M + N)) — M= (1 - F())
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c. The layer method may be preferred when the survival function is easy to integrate.
The size method may be preferred when empirical data is not available and integral

s need to be evaluated algebraically.

d.

- a )
i - —
E N 7 87/
" WP

Fix)

The consistency test of ILFs states that the premium calculated from the layer formula applied to
successive excess layers of constant width is a decreasing function of the attachment point limit.
Area A > Area B > Area C therefore Premium for Layer L to 2L > Premium for Layer 2L to 3L >

Premium for Layer 3L to 4L and the consistency test is satisfied.

[32 P 41 R])
LEARNING OBJECTIVE(S): Blb, B2b
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Q25. (2.5 %)
BT AT
® ¥ L peI@pry * F it £ #F (indemnity amount) 51 20% e
® % 3 ;2 (The variance method) @ #43F %> & 7 3 4v "UFE F]F O '& 4o =
(risk load in the Increased Limits Factors (ILFs)) > @ * k=0.000064 > 6=0 -
Limit, / | E[X;/] E[X% ]
1,000 840 790,123
5,000 2,485 9,467,456

a. 3BT 5'JP\ (@A)

@ 4% — *UZE ek & 4o = (The risk loads for each limit)

@ 7% 7% ¢ 7R UgE 5, 000 3 4c *TZE F1+ (The ILF with and without
risk load for the 5,000 limit)

b. B3K ¥R (portfolio)® 7 75%HE_FLFF 1,000 » 25% & _*L%F 5,000 > & * ¢ 7 kb &
bod 4 PTIE TS (B R AF & 5 R A A S 4o TR T E ) Kk R AORY
% %’j e 58 o (determine the overall impact on premium by using the ILFs with
the risk loads instead of the ILFs without risk load) (0.5 4 )

a. Riskload = KE[X?; 1] + S[E[X; []?]
6=0
risk load @ 1000 = 0.000064[790,123] = 50.568
risk load @ 5000 = 0.000064[9,467,456] = 605.917

ILF(5Kk) isk load = 2485 %120 _ 2.958
w/oriskload = =Z5=—o0 = 2

o 2,485 x 1.20 + 605.917
ILF(5k) with risk load = = 3.389

840 x 1.20 + 50.568

0.75X+0.25(3.389X)

1= 0
" 0.75X+0.25(2.958X) 1=+7.23%

(2Zp 5]
LEARNING OBJECTIVE(S): Blb
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Q26. (2.5 4)
i % A 4 & A= PR (attachment point) 5 5,000 > & *L4E (layer limit) 5 5,000 #0if
Fi(coverage) » F 7|k F IR é_féﬁ 97 e PUFE T 0 AR R AR R A e (expected
cumulative severity distribution)f-*2%g g # 5 & (limited expected severity) 7.5
%

! F() | E[X:1]
4,167 0.842 1,807
5,000 0.859 1,875
6,000 0.875 1,941
8,333 0.938 2,256
10,000 0.947 2,308
12,000 0.954 2,357
H BRI 975 B % (all claim size) » P E 4R & R 3 4r 20% o
a. 3B Ak ¢ B kA S ¥ F 4 vt (the percentage change in frequency of

claims in the layer) - (1 4 )
b. 3+ ¥:igk ¥ i i3 g | 4 v (the percentage change in pure premiums in the
layer) » (1.5 4 )

[(5%i2%]
a. Sample 1
Current Layer Frequency = F(10,000)-F(5,000) = 0.947 — 0.958 = 0.088
Future Layer Frequency = F(10,000/1.2) — F(5,000/1.2) = 0.938 — 0.842 = 0.096
% Change Frequency = 9.09%
Sample 2

$(F) s@167) 1-.842

t = = = =1.121 > 12.19

"~ 5@ ~ 5(5000) 1—.859 - o

b.

10,000 5,000

( [X ] [X ) 1.2(2,256 — 1,807)

t, = —1= —1=124.43%
E[X; 10,000] E[X; 5,000] 2,308 — 1,875

(CENEEIN-) |

LEARNING OBJECTIVE(S): Bl
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Q27. (5 4)
- R FRAE S ARG FBRET 5uj§§n :

=N PR 28K B (FR)
$0 to $1,000,000 19,000 $6,750,500
$1,000,001 to $2,000,000 359 $525,300
$2,000,001 to $3,000,000 230 $566,500
$3,000,001 to $4,000,000 147 $507,700
$4,000,001 rz * 264 $1,650,000
&3 20,000 $10,000,000

T A ot e 0 & R ITACIE PR A E K (excess of loss contract) o £ 4 € B

AE 4 AR F - P2 % p i 2E (per claim retention)$5,000,000 338 4 o

a. % 4145 % $1,000,000 ~ $2,000,000 ~ $3,000,000 §=$4,000,000 =342 F¢ *& & I
(excess severity function)§] 35 o (4 &)

b. 335 &yt 3 2% (proposed contract) s i A FEHP 4F £ (reinsurer’s

expected losses) » (1 4 )

(54 i*%]
a.

Limit, L 1-F(L) E[X;L] XS Severity at L
1,000,000 0.05 387,525 2,249,500
2,000,000 0.3205 427,890 2,249,922
3,000,000 0.2055 453,765 2,249,878
4,000,000 0.0132 470,300 2,250,000

E[X] = 10,000,000,000/20,000 = 500,000
E[X; 1M] = (6,750,500,000 + 1000(1,000,000))/20,000 = 387,525

E[X; 2M] = (6,750,500,000 + 525,300,000 + 2,000,000(230 + 147 + 264))/20,000 =
427,890

E[X; 3M] = (6,750,500,000 + 525,300,000 + 566,500,000 + 3,000,000(147 +
264))/20,000 = 453,765

E[X; 4M] = (6750,500,000 + 525,300,000 + 566,500,000 + 507,700,000 +
264(4,000,000))/20,000 =470,300

XS Severity at L = (E[X] — E[X; L])/(1-F(L))
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25

» o <
2
=
wn 1.5
=
©
2 1
[y ]
=
0.5
0
0 1 2 3
Claim Size (M)

b. From a. excess severity is flat

— Losses follow exponential distribution above 1M with beta = 2.25M
—e(SM)=e(d4M)=...= ¢e(1M)=2.25M

— P(X>5M|X>1M) = e’ G-DMR225M = ( 169

— E[N|X>5M] = (20k — 19k) * 0.169 = 169.01

— Reinsurer E[L] = 169.01 * 2.25M = 380.28M

[32 P 41 R])
LEARNING OBJECTIVE(S): B1d
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