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policy no. issued date sex

001029
001042
001081
126579
126993
127152
127660
127662
134140
134196

policy no.
issued date
Sex

age

plan

mode

sum insured
period

pay

risk

rider
branch
lapsed date

] .. 2504

01/04/41
31/08/41
31/08/41
18/01/34
26/12/33
03/03/34
03/04/34
20/03/34
02/09/35
05/09/35

F

=
F
M
F
M
M
F
F
M

age plan mode suminsured period pay risk rider branch lapsed date

24
40
50
25
28
34
26
32
35
44

8l
86
80
51
54
54
54
55
o4
54

2
2
2

e T T T

200,000
200,000
100,000
100,000
500,000
200,000
50,000
50,000
100,000
100,000

20
20
20
50
47
20
20
25
20
20

20
20
15
20
20
20
20
20
20
20

1

O O O b O O o o o

= = s O = s e s e e

101
684
601
419
101
101
692
317
214
896

18/11/44
18/04/44
14/06/44
06/03/44
10/02/44
21/04/44
18/05/44
04/05/44
18/10/44
20/10/44



Cox PH model

1 Cox PH model

The PHREG Procedure
Model Information

Wi P

Summary of the Number of Event and Censored Values

Total Event  Censored Cgr?srgFerb[
21983 21983 0 0.00

\S/geﬁab}e.s\:/arlable channel3 is entered. The model contains the following explanatory
channel 3

Convergence Status
Convergence criterion (GCONVAIE-S) satisfied.

Criterion s Czi\\/tgﬁé;essiﬁics Covaria 'eﬂs]
& BEE Rk

The PHREG Procedure
Testing Global Null Hypothesis: BETAH)
Test Chi-Square OF Pr> ChiSq

e B 1 W
\Slgergab?és:\/ariable pland is entered. The model contains the following explanatory

plan3  channel 3

Convergence Status
Convergence criterion (GCONVAIE-B) satisfied.

Model Fit Statistics

Criterion CO\%W&%@ Covari\gfié

L
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Testing Global Null Hypothesis: BETAR)
Test Chi-Square CF Pr>chisg

kelihood Ratio <0001
i a1 o
S8R, fu Variable channels is entered. The model contains the following explanatory
The PHREG Procedure

plan3  channel 3 channels

Convergence status
Convergence criterion (GCONV=IE) satisfied.

Criterion " Czi\\;\gfpe:(;;s;mcs Covari\é\{ietg
G

Testing Global Null Hypothesis: BETA)
Test Chi-Square OF  Pr > Chisg

e e 1
%erllnabiléSVariable period3 is entered. The model contains the following explanatory

plan3 period3 channel 3~ channels

Convergence status

Convergence criterion (GOONVEle-8) satisfied.
The PHREG Procedure
Model Fit Statistics

Criterion Covélma?g% Covari\é\('et@

R

Testing Global Null Hypothesis: BETA)
Test Chi-Square OF Pr>chisg

U

%er}?abl éS,\/ariable pay is entered. The model contains the following explanatory
plan3 period3 pay channel3 channels
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Convergence Status
Convergence criterion (GCONV=IE-8) satisfied.

Model Fit Statistics

L Without With
Criterion Covariates Covariates
-2 1OG L 335618.99 394392 .87
AIC 395618.99 3944021871
SBC 395618799 394442786

The PHREG Procedure
Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > chisq
Likelihood Ratio 1226.1172 5 <1 0001
Score 125216139 ) <lgool
Wald 124115347 5 <-0001

Ste . Variable period2 is entered. The model contains the following explanator
varplab?es: P g exp Y
plan3 period2 period3 pay channel3 channels

Convergence Status
Convergence criterion (GCONV=le-8) satisfied.

Model Fit Statistics

/e Without With

Criterion Covarilates Covariates

-2 LOG L 385618.99 334321.68

AIC 395618.99 39433316

SBC 395618199 39438U64

Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > Chisq
ikeli i 1297.3333 ) <.000
el A ; SO0
Wald 131417260 ) <lgool

step bI7. Variable plan4 is entered. The model contains the following explanatory
variables:

The PHREG Procedure
pland pland4 period2 period3 pay channel3 channels

Convergence Status
Convergence criterion (GCONV=IE-8) satisfied.

Model Fit Statistics

L without With
Criterion Covariates Covariates
-2 LOG L 395618.99 394270.06
AIC 395618199 42841
SBC 395618199 %84340.8?
Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > Chisqg
Likelihood Ratio 9 I <-000
ScloreI I %%?E'Z%%? [ <!0001|
Wald 136211510 7 <.0001



sterp, ? Variable rider is entered. The model contains the following explanatory
variables:
plan3 pland4 period2 period3 pay rider channel3 channels

Convergence Status

Convergence criterion (GCONV=IE-8) satisfied.
The PHREG Procedure
Model Fit Statistics

L without With

Criterion Covariates Covariates

-2 LG L 395618.99 394224 49

AIC 395618199 394240149

SBC 395618199 394304.47

Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 1394.5006 8 <-0001
Score 142510961 8 <looo|
Wald 141316048 8 <logool

Step ? Variable channel4 is entered. The model contains the following explanatory
variables:

plan3 pland4 period2 period3 pay rider channe!3 channe!l4 channels

Convergence Status
Convergence criterion (GCONV=IE-8) satisfied.

Model Fit Statistics

v/ Without With
Criterion Covarlates Covariates
-2 LOG L 395618.99 394189.21
AIC 395618199 394207121
SBC 395618199 394279119

The PHREG Procedure
Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > ChiSq
SLik;:elihood Ratio %2%9;77% 8 2'%%%%
Wald 144?@8%91 9 <ioool

Step 10. Variable channel2 is entered. The model contains the following explanatory
ariables:

[an3 pland period2 period3 pay rider channel2 channel3 channel4
channelsp P P P Pay

Convergence Status
Convergence criterion (GCONV=IE-8) satisfied.

Model Fit Statistics
Criterion Cov\g}tlgtt)gst Covari\ellvtlgg
A2| LOG L 3956%8i99 3929%;0
o Ee Aehdd



Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 1524.2926 10 <0001
Score 1545.1993 1 <

Wald 13537357 o Qo

Ste H Variable risk is entered. The model contains the following explanatory
variables:

The PHREG Procedure

channels planB plan4 period2 period3 pay risk rider channel2 channel3 channel4

Convergence Status
Convergence criterion (GCONV=IE-8) satisfied.

Model Fit Statistics

L without With

Criterion Covariates Covariates

-2 LOG L 395618.99 394071.32

AIC 395618.99 394093 132

SBC 395618.99 394181; 30

Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > ChiSqg
Likelihood Ratio 1547.6688 11 <.0001
chre 156918981 11 <looo|
Wald 1553U627 11 <:0001

Step éf Variable sum is entered. The model contains the following explanatory
variables:

channel 4 plan3 pland4 sum period2 period3 pay risk rider channel2 channel3
channel 5

Convergence Status

Convergence criterion (GCONV=IE-8) satisfied.
The PHREG Procedure
Model Fit Statistics

MDA Without With

Criterion Covariates Covariates

-2 LOG L 385618.99 394067.30

AIC 5618199 394091.30

SBC 395618 199 394187128

Testing Global Null Hypothesis: BETA=0
Test Chi-Square DF Pr > ChiSq
S%ikreelihood Ratio %5%1.3863 %% ;—08000%
\Ncaqd 1553126% 12 <loool

NOTE: No (additional) variables met the 0.05 level for entry into the model.
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Analysis of Maximum Likelihood Estimates

, Hazard
Pr > chisq Ratio

Chi-Square

Standard
Error

Parameter
Estimate
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Log of Negative Log of SURVIVAL
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The LIFEREG Procedure
Model Information
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Lagrange Multiplier statistics

Chi-Square Pr > ChiSq

Parameter

Scale

<.0001

8327.8894

The LIFETEST Proge
Summary of the Number of Censored and Uncensored Values

dure

Censored

Censored

Failed

Total

0.00
ing values, negative time values or frequency

less than 1.

0

21982

' o 21982 ,
NPTE: There were 5 observations with miss

values



130

RMI TEE
fime
tatu

urv
S
Pr > ChiSq

Wq_Ré(gT(IES

Model Information
£s
tive Response
~ Wald
Chi-Square

The LIFEREG Procedure
trébutlon
DF

ga
00

S
Type 11 Analysis of Effects

Values

Interval Censored Values
Zero 0? Ne
kefih

Missin
Effect

Le

Algorithm converged.

i T AP — A O T i
oo 000000000000
O CoooTooooooo
VOV VoOVoOoOV VYVYVYVYV

[s=ToNTaN|  Teleplealo olop S JoNan fop

Or—o—A<t+O TP~ ~—90—
O —— D 4%001“_0
M~ MO A<ty

~—A— o CO—ICD

Chi- ,
Square Pr > ChiSq

9% Confidence
Limits

Error

The LIFEREG Procedure
Standard

Analysis of Parameter Estimates

DF Estimate

Parameter

A I~ O T — — —
oo Poo Qoo 229229299
P R e e =]
SO O o Com oo oo os
ST e=—_eerneeIlmnn=
VVoOVYVYoVvVooVVVVvVvyv

<t OO OO <ton <t on<t+-ONIGH—i
A O O L OO
OP— OMIO Ittt
o —— o O—ioD

NI ——CO0 O T <o D — —icNIco~ oo

i T I, o
OO OO0 OO Cocxoooo—
T At

0&0 OO COOTHOD OO O

N0 OO0 <+ OIS I—ICOOLO
OGS <rntNo S —cowsro
rnm|.|.l./|_|_00u0|_4l3./n,0.
© O OO oo
A i
eIt l—f—i—
@
o
<
=
+— w
o NOI<FLO
(<5} o<t ﬂ|e > —
< =i =
— Nt ooo —ccCcC o>
L coo——— xxooCCCC—O
teaaarrrVJn\udaaaaal
COoO—m e P DL DT e O

0.00
sing values, negative time values or frequency

less than 1.

Censored Censored

The LIFETEST Procedure
21977

Summary of the Number of Censored and Uncensored Values
Failed
21977

NPTE: There were 10 observations with mis

values

Total



131

RMI TEE
fime
tatu

urv
S
Pr > chisq

WORK.T
s

Wald

Chi-Square

Model Information

The LIFEREG Procedure
DF

ﬁendent
i
%er 0
i
Type 111 Analysis of Effects

Cen

Data Set
De

Ce

Num
Effect

Algorithm converged.

et — — — — p— e —
SO0 00005 9890
Sowco38ococoos oS~ ©

Loo_Sllloe =2

VVOVVVVVVYVYVVoV

O << S>coNHISHNI—INO
LOOAN =~ — OO N ~—00coLO
LONLO<t o —LO—1O O oo~
SN OO O OcoTg T
1 MR M<t Vo> OOLO L
OO AN OO OO NCOCNICNCO <t

O —i<t+ ©

Chi- ,
Square Pr > Chisq

Error

The LIFEREG Procedure
Standard

Analysis of Parameter Estimates

DF Estimate

Parameter

———y —— — — b — ' —
SCoopvoocooo oo O
SocowvoocoolS ool o O
coococococo " oo O
/\

vv ovvvviYvvViv ov

o ~ i<t Ne)

O <F DO I —LOHcoONILO~ICH—LO

< —NOLPr~omT oot

= el 0

OO O Co CooCoo Coo O
' ) v

OO < OO ——<t+OLOHLO~—I00OLO O
OO (qplemlanleerlas) Ut
(@) —IONO,
B (o e S A s
OO CoO oo QO O O
v v

co<tor—<t+~ Nor—LOLOLOM <<t O
LOOO<tN T OUILO—A< LI~
ANOO LD O o+ ——— >
O O OHOZD CoO2o oo

OO OO OO OO O OO Coo

LO—NON< O o LOCDco oI~

LONIOO M~ — o O <00~

SO onem O oI —wo~roo=rey

—ool o~ O o —imo <o

CosOoo © Co oo™
oo v

—

o aNOO<HLO
D NS oo
[ r=1=]

—_ NOO<t woo cCococco
P=D) [ e e e O R el <nlf el <
4+ D < OO (@ & = 2 2 0 S T S S S
COw——— S PDLDLD._cc D
—_—CnOOONHOOO M OO OO

Percent
Censored
0.00

Censored
less than 1.

The LIFETEST Procedure
21982

Summary of the Number of Censored and Uncensored Values
Failed

21982
npte. There were 5 observations with missing values, negative time values or frequency

vames

Total



132

The LIFEREG Procedure

Model Information

ED\.)AD ~NCETOO<r 1 o6
<5} ococo ‘—co
S —i i
—a— NN Svo
—_— w
MW oo
== o
>
[N —1=
— '
;T
o
oc )
=
D
w w
o =
2,22
= o
3 w
D,
e S>> o=
—— » C O C—r —
oOoO—=>5>FCg o=
CCPLe— > =
== 5 @ T S =22
i PO
< Sty Ls—o
CTCT o == — 3
D P O CL—
oo =S >SZ20—
—m oo =)
DL DI T D) D g Se—
NT e CV oco—
cooVw S —
CLONLO T o
O CC EC S P E o
aeeeu0|en.|ea0
[aTa == I —=N=—1

Algorithm converged

Type 111 Analysis of Effects

Pr > ChiSq

Wald
ChLSquﬁw

DF

Effect

S Y

SO0 GOS O O 20w

OO OSOOOS Co @ O ow

O OO o O © O Oow
. S ek

== XYAVAVAVZ—SEAvAVAVAVAVAVAV

COOODOADOFTOD Lot~
CCOTOM o O Ner—au<toy
0O MO A~ M — O~
OO = Cr— o Mo owoHO
LON<T O 0¥ O TONICO<HOOD
— OO~ M O cutodCI—Ir—

D D Lo —ko ©

Analysis of Parameter Estimates
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The LIFETEST Procedure
Summary of the Number of Censored and Uncensored Values

Censored Censored

Failed

Total

0.00

NOTE: There were 5 observations with missing values, negative time values or frequency

values

21982

21982

less than 1.
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OTE There were 5 observations with missing values,

Algorithm converged.

Parameter

intercept
age

fanz

an

an

Summary of the Number of Censored and uncensored Values

The LIFEREG Procedure
Model Information

WORK. TERMINATE
P]endent Varia | og(surviime
8 sorin Va[la statu
ensoring Value(s
Number of Obhservations 21982
Noncensored V Iueﬁ 2198
Right Censore fo ues
Lett Censored Values
Interval Ciensored Values
MISSIH?
Zero 0 Negatlve Response
Name of PIS'[I’I ution Gamma
Log L kelih 24244.20872

Square Pr > ChiSq

Type 111 Analysis of Effects
. Wald )
Effect DF  Chi-Square Pr > ChiSg
a?e 18.6200 <.0001
plan2 2.0121 0!0396
H TR <o
I . :
er?odZ 35.3285 <.0001
erjod3 138:2746 <1 (001
eriods 6115 0.4342
ag/ 1 77.0344 <0601
v L 2§-§§2§ & o
channe| 2 % % <.'06001,
gEgHng 451.8540 :;oooi
channel 5 2%? 939% <5888|
The LIFEREG Procedure
Analysis of Parameter Estimates
) Standard  95% Confidence chi-
DF Estimate Error Limits
1 06309 0.0372 05579 0.7038 287.40
1 6:6621 ggg%i 6.6612  6:0631  18:62
1 -6:3729 : -6:8166  6:6769 2:71
1 -0.2107  0:6173 -6:2447 -§:1768 148:61
1 -6:727% 0:0707 -6: 665 -6:5892 105:88
1 0:105 6:6178  0:0708  0:1405  35:33
1 -0:1838  6:0156 -6:2144 -0:1533 139:27
1 ngg 08?&9 -0:6949  6:0236 0:81
1 -6:13 6 -0.1839 -0.1053  77:63
1 -0.2194  0.0410 -6:2996 -6:1391  28:68
1 -6:0847 0:0185 -6:1210 -0.6484  26:89
1 -6:1716  oloi89 -0:2087 -6:1345 82:13
1 -0:4334  6:6264 -6:4734 -0.3935 451:85
1 -6:1476  6:6176 -6:1821 -6:1132 76.74
1 -0.3844  6:6226 -6.4287 -0.3400 288:60
0 6:8110 6:6666 6:8116 6:8116
0 0:8110 o0.0000 6:8116 6:8116
Lagrange Multiplier Statistics
Parameter Chi-Square Pr > ChiSq
ale 861.6711 <.0001
%%ape 5132.0344 <.8881

The LIFETEST Procedure

Failed censored
21982 0

Total
21982

less than 1.

Percen
Censore

0.00

<1 (001
<.6661
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negative time values or frequency
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The LIFETEST Procedure
Summary of the Number of Censored and Uncensored Values

Failed
21982

21982
NPTE: There were 5 observations with miss

values

Total
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LIMRA
(Persistency rate)
==
=1- /
(exposure)

Kyoei Life Insurance Company
(Gross Persistency)
(Block Persistency)
Life Insurance & Marketing Research

Association of America (LIMRA)
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LIMRA
LIMRA
LIMRA 13-month
formula
LIMRA
LIMRA
LIMRA Life Insurance Marketing &
Research Association of America (LIMRA)
( , 2537)
3
(current month lapse rate) (year- to- date
lapse rate) 1 (past-12-month lapse rate)
LIMRA 13-month formula LIMRA
13 13
8

2

3 6

5 3

13

19 25

13-month 3
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2545 = 2544 -

1
2505 = . 24
1

12

.. 2545

- .. 2545
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LIMRA 13-month formula

¢t v oA
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2544 2545
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19 4 6 10 3 6 11 10 7 7 9 8 5 12 2 4 10 11
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LIMRA 13 -month formula

(current month lapse rate)

2545
= 4
2545
= 2544 2545
12
= (2+45+19+ .. +7+7)12
= 15
2545 = 415
= 0533 53.30
(year - to - date lapse rate)
2546
2546
= (2414241242
= 19
2546
= 2546
= (8.3+7.2+7.8+..+78+8.4)
= 715
2546 = 19/775

= 0.245 24.50



2546
12

(443424 .4 24 )
26

(7.5¢8.1 +... +7.8+8.4)
931

2546)

1 (past- 12 - month lapse rate)
1

12
12
2545 2546
2545 2546
= 26/93.1
= 0219
= 1-0.279

= 0721

21.90

12.10
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10 LIMRA 13-month formula

LIMRA
L 1
(,-1,0 )
)
) 1
: PR 2 (exposure)
112 V)
t=0 "
o / .46
11 X 5
= Jpje exposure L
p. P1=Prob(T >t,\T >t,_)) T .46
i 12 ( .45 .46
. 3
¢ 4, 3 A
41
4.2
43

s
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.. 2544-2545
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