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1 Question 2: Adjustment coefficient and Lundberg inequality

1.1 s

In a large company, two separate Poisson surplus processes are being monitored. In process A,
reserves of U4 = 3000 are available, approximately A4 = 25 claims are expected annually, § 4 = 0.20,
and the typical claim X 4 is a (0.75, 0.25) mixture of an exponential random variable with mean p = 60
and an exponential with mean p = 20. For process B, Up = 1000, A = 30,05 = 0.20 and X = 50.
For both of these processes, find the adjustment coefficient of the process and comment on the differences.

Using Lundberg’s inequality, determine upper bounds on the probabilities of ruin for the two processes.

X AR, f E(Xa) =0.75 x 60 +0.25 x 20 = 50, [HARHHRA N —EV 2%
oA, L, AE @H%L%ZIK% 135 Wi 4.5, J_HT R BAEHSR My, -

Mx,(r) =0.75 x 59— +0.25 x 0
@—7” 20
= 0. 0.2
015X 60, T 0% % T 50,

JITPA:
AA(T) = )\AMXA(T) — A — (1 + HA))\AE(XA)T

=X [Mx,(r) = 1= (1+604)E(Xa)r]

=25 x (0.75 x +0.25 x

1—60r 1—20r
RS E R IR, AR5 720002 —360r+1 = 0, 1 A f#f5: R4 = 0.04705

o R4 = 0.00295, XN 12 BUHF—A~7 HisfAs 137 i,
20E(X 4) 2 % 0.2 x 50

— = 0.00357
E(X2)  0.75 x 7200 + 0.25 x 800

FrPAE 2 Ra = 0.04705 XM Hk R4 = 0.00295, H Lundberg A&, i r=fR
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= A [Mixy(r) = 1= (1+05) E(Xp)r]
=30 x (e’ —1 — 1.2 x 50r) = 30 x (¢°" — 1 — 60r)
R 30 x (e’ — 1 —60r) =0, {3 R = 0.00708'. Hy Lundberg NEEZ, WP~ HE 1)
RS e iBUB = 0.000842,
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2  Question 4: Newton—Raphson method and Lundberg bound

1E. A H|E 1712 1 Newton-Raphson 53k (1) EXCEL A%, R T2~ . [H#]

21 gl

In a Poisson surplus process suppose that the typical claim X is uniformly distributed on (0, 1) and
that = 0.1. Use the Newton-Raphson method (with initial estimate 20 £(X)/E (X?) ) to find the
adjustment coefficient R. If initial reserves are U = 10 what would you estimate for an upper bound on

the probability of ruin?

S5 KDL, A E(X) =0.5, Var(X) = 1/12, FiPA B(X?) =1/3. X#f, Newton-
Raphson ﬁ{iﬁﬁ%}]{ﬁjﬂ 20E(X)/E ( ) Bl Ry =0.3. 34k, BT X RN, H

r re’ —e" +1
Mx(r) = MX(T):T

B, AT RS AR R . IRARES 13578 ¢ = (14 0)AE(X) MfiRik, EAANA
N, HIRAMIIAREE IR TR
A(r) = AMx(r) = A — (1 4+ 0)AE(X)r = A[Mx (r) — 1 — 0.557]

A'(r) = X (Mx(r) — 0.55)
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Fi#f Newton-Raphson 2 :

A'(Ry)

= — =0.2 4

R = Ry A(Ro) 0.28077
A'(Ry)

Ro = Ry — = 0.279356
2 1 A(Rl)
A'(Ra)

= — =0.2 4

R3s = Ry A(Rg) 0.279348

WEERF, RMEBTRE, "IN RBMEN0.279348, i Lundberg A&, =A% L
ke BY = 0.061208.
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3 Question 8: Adjustment coefficient of different Poisson surplus pro-

CEesses

3.1 gl

In a reinsurance company, three separate Poisson surplus processes are being managed, where the
respective parameters are given in Table 3. Here for any process, U = initial reserves, A = Poisson
parameter, § = security loading and X is typical claim size. For each process find the adjustment co-
efficient. Using the Lundberg bound as an approximation for the probability of ruin, rank the processes

relative to their probabilities of ruin.
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¢ 3: Poisson surplus process parameters (reinsurance)

Process U X 0 Claimsize X
A 200 10 02 X =20
B 130 20 0.4 X ~ exponential (u = 12)
C 250 25 0.1 X ~T(2,0.2)

T =AEERGE, A, 08 My (r) AF], BB IR — BB e al DA R AY -
A(r) =AMx(r) = A= (L + O)AE(X)r
=A[Mx(r)—1-(1+0)E(X)r]=0
RIAH 4 T A
Mx(r)—1-(14+0)E(X)r=0

321 A

Y A SRR, WEEREEL B Mx(r) =e*", BE(X)=20. RAMRX, I
" —1—-(1402)x20x7r=0
fitf5 R4 = 0.017706, Lundberg [ Ak e Bala = (.02898,

322 Bt
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XT B ek, PRI TR B A, BT ART DA B ERAS 135 T 4.5. % 8 =1/p,

ny
30
Rp = -2 —0.02381
57119

Lundberg |3k e 8Us = 0.04526,

323 C e

0.2
02—r

2
T C kL, Mx(r) = < ) , B(X)=2/02=10. RAMK, {5

02 \°
—1—-(1 1 1 =
(0.2_7,) (1401)x10xr=0

TR :
1172 — 3.47 +0.04=0
fif#15 Re = 0.01225 8 0.29684., FH#M4E 137 AR,
Re < 2;5)(();)) _ 2 (i.;ox 10 00133
JFPA Ro = 0.01225, Lundberg |5k e~ felo = 0.04677,
MBI ERORYE, B C > B > A,

S ETHX A AR AR AT DA S EXCEL f R sk % 04 Newton-Raphson FVEFF ], SRARHTAERA K .
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4 Question 12: Adjustment coefficient under proportional reinsurance

4.1 8

In a Poisson surplus process for aggregate claims, initial reserves are U = 500, the annual claim
rate is A = 40 and the typical claim X is exponential with mean 100. A premium loading of # = 0.3 is
used on policyholders.

(a) Determine the mean and variance of U(2), the net value of the process after two years.

(b) What is the adjustment coeflicient for the process described above, and what is the probability
of ruin for this process? How does this compare with the Lundberg bound for the probability of ruin?

(c) Proportional reinsurance is available whereby a proportion « of each claim is retained by the
insurer (and the reinsurer handles the remaining proportion 1 — « ). The reinsurance loading is £ = 0.4.
Show that the adjustment coeflicient for the process with this type of reinsurance as a function of « is
given by

1 da—1
Rla) = 100 [a(14o¢ — 1)}

What is the maximum value of R(«), and for what values of o is R(«) > R(1)?

4.2.1 (a) BAVERERIFAG 72

X — A B g Rkt HALERR SRR S EORR, TR A AT
U2)=U+cx2—5(2)
N(2)
=U+2— ) X

i=1

XN
c=A140)E(X) =40 x (1 +0.3) x 100 = 5200



JIt PA
E[U2)] = U + 2¢ — E(N)E(X)

=500+ 2 x 5200 — 40 x 2 x 100

— 2900
X U2) Skud, HME—AHErE 02 a2 b, mafl2—4~% & Poisson 4%
. B, K Var(U(2)) 2K E A Poisson AF &) 1 2 :

N @)
Var(U(2)) =Var (Z Xi)
i=1

= Var(N)E*(X) + Var(X)E(N)
= 2)\E(X?) =2 x 40 x (100% 4+ 100?) = 1600000

4.2.2  (b) Wi AR B s AR HE ™ i

1
AB=—0 WA 5 4.5 14
8= gy B 135 R 45 7%
B0
R =——=0.0023
1+0

FHY [ Lundberg |5k e U = 70:0023x500 — (3154, fyifiAsss 140 Ml 4.6 15, MERIIB™

b)) =175 ge I = 0.2426

FLSL B AR/ NT AR A Lundberg BS, MH/NTRZ .

1

4.2.3 (o) LLBImPRES Bt s 5L
TELRIS 23 T 3K B FEPR IS I, Se ORI OR IS 2 Bl R IE . IRASE 147 i, A
a>1-— Z =0.25

FrEA, FATUIME [0.25, 1] XBIX A B R, P BRI R o ik R 53]
IR, AT 2% R .

1
P B= gy W48 TR 413, WA
p_ Bl0-¢+&] 1 03-04+040 1 04a—01
T alf—E+a(l+€)] 100a[0.3—-04+a(140.4)] 100 a(l.4a —0.1)

v BEFESRLA 10, Al

1 4o —1
R = o0 ataa =1

$F R(a) ¥ a 3K, WG
;1 —56a%+28a—1
Ra) = 100 a?2(l4a — 1)2
4 R'(a) = 0, Af#H o = 0.0387 8% 0.4613. R EGHR, W8 R(a) 1E
(0.25,0.4613) FrRiiEE, AR [0.4613,1] FEAdEEb. KL, R(o) MHcRME R BERAE 0.4613
k., R(0.4613) = 0.0034,

A R(a) = R(1), W o= 3. FIAE[5,1) b, #H R(a) > R(1).
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5 Question 14: Adjustment coefficient under excess of loss reinsurance

51 g

The aggregate claims process in a company is well approximated by a compound Poisson distribu-
tion with Poisson parameter 200 and individual claim size density given by f(z) = e~@=5) 2 > 5. The
premium charged by the company to cover this risk includes a security loading of § = 0.25. Derive a
formula for the adjustment coefficient for this claims process and give a good upper bound for R in this
situation.

Suppose excess of loss reinsurance is available from a reinsurer with a relative security loading of
& = 0.50. The table below shows for various values the retention limits M and the expected profit for
the insurer (net of reinsurance costs) with missing values indicated by *. Complete the table by filling in

the missing * . Comment on the relationship between retention limit and profit.

Retention limit M/  Expected annual profit

5 200.00
6 *
* 286.47
00 *

B AR R A
A(r) = AMx(r) = A= (1 4+ ONE(X)r
= A[Mx(r)—1—(1+0)EX)r]=0
TR MR R, FEUE E(X) #1 Mx(r):
EX) = /+OO ze” (0 dy = 6
5



EHEAB A AHBOCRUME, &y = — 5 M i A 7Bt ] AR BRI
MIRCR . AT AL SRR B R, T DA A BN 4 B eR Bt @ 2800 1 IR R0 1 A1
BT 5 AL AL B(X) = 6 j258 2 T ATIURLEY .

My (r) = E(e™) = /+<>0 N Gl
5

+oo
_ / e(r—l):c+5d$
5

657’

= (r<1)
1—r
FE R v < 1RO N BGLT, SN[ FE 4R B MGF —#.
BT PA,
A(r) = 200 [ c

5r
—1—-125x6r| =0

1—r

% {E 7% (W Newton-Raphson 5% ) AI#S R = 0.069499. FEAY, R fFAE EA,
1 137 1, A%
20E(X)  2x0.25x6
B(X?) 37
R T, B(X?) 2 MGF 3R ZFr S 7E 0 A B E A i -
(255" — 257e)(1 — )% — (6e7” — 51e’") (21 — 2)

(1—r)*

THATRIEAE . 4 Y = min(z, M), Z = max(z — M,0), WY 2REAFREATT

£, M Z 2R A R THE.

E(Y) :Afo(x)dx-i-MF(M) =6—eM

R < = 0.081081

M (r) =

E(Z)=E(X)-E(Y)=¢M
FiIA,

Net Profit=\[(14+0)E(X) — (1+&)E(Z) — E(Y)]
=200 x [7.5 — 1.5 M — (6 — "~ M)]
=200(1.5 — 0.5¢°M)

RIE, W] PASECE ] At -

Retention limit M/  Expected annual profit

5 200.00
6 263.21
7 286.47
00 300

TR MM B R m AW/, EL R 82 300,
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RO R S E
#iih X 93 MGF 6
RE ALK SR GO 5
HEREWMEE |9 (A3 5)

BN BRI, (R BRI R 5 o R M W AR R,
BT T ARG A5, R R BESE R DR AT o
6 HESOFiR LS
AUAEAIET, 455 LR Z50T
T MO BIRGST T4 5

BT | ME | &3 ORIRA. Jsch ™ Ep3¢)
2 | 20 10.85
4 | 20 13.38
8 | 20 17.85
12 | 20 16.18
14 | 20 14.49
B4y | 100 72.75

SENAFIRIER IR 2 — 2 8, RZ X FIR GBI K THE, FFEINELE]

10



	Question 2: Adjustment coefficient and Lundberg inequality
	原题
	参考答案
	给分标准与批改评价

	Question 4: Newton–Raphson method and Lundberg bound
	原题
	参考答案
	给分标准与批改评价

	Question 8: Adjustment coefficient of different Poisson surplus processes
	原题
	参考答案
	给分标准与批改评价

	Question 12: Adjustment coefficient under proportional reinsurance
	原题
	参考答案
	给分标准与批改评价

	Question 14: Adjustment coefficient under excess of loss reinsurance
	原题
	参考答案
	给分标准与批改评价

	批改评述总结

