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A Study on the Application of Weibull Survivor Curves to Estimate
Mortality Characteristics of Industr_ial Property

A
Oh, Hyun-Seung

Abstract

A mixture of two distributions, each belonging to the same known Weibull distributions,
is proposed and a simple graphical method for estimating the parameters of the Weibull
distribution is applied. It appears from the results of this study that the mixed Weibull
distribution is an appropriate expression for describing industrial property mortality
characteristics.
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Nonactuarial ¥ e 2+ Simulated Plant Record(SPR) ¥, Computed Mortality(CM) #
Turnover W e] AL&gth SPR Holdh Aujaiite] AxE #H7] (857F FoAAA @& 2
lIowad AE&ZMd(owa type survivor curve)S ©]-83to AHulzlile] &R oy
4%t} White[25] AulAate] E7LA & 71708 ZFEES ol &3t dujAide] A&
< FAFL. CME9lo]F HuaAite] AEJ A0 FRHoR AN $E o °lF B
o A4AF WEITHNE FAHSE AL B3} Tumover WH[14]12 Aujapitel A7 #H7)&
(annual retirements), 92 Z& A (annual balances), 97+ T4 Y (annual additions)& ©] &3t
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Nonactuarial ¥'8-& Aujaate] Hx1e #rlof g A= As7t FAXA FhE 25l
: A

ALE3le 2] el & &
Auzpate] A JERHS FAIY] YMAME Actuarial HHE AREstdol &t
Kimball[11]& 293 A FE X (Truncated Normal distribution)el] 71%Z% AEJF AL JEsio
h-curvedt WH3lgth Krane[12]2 4AHj9l FHHE #H71&(Retirement rate)s Ut
(polynomial)®] FElZ FAsle YEJHE FH DL Scigliano[21]+ Cowles[3171 A3t A
52382 Weibull %34 (hazard function)& o] &3ty T3t Lampli3]Ee #H7l &0l =
ol BEgREolT YA}t dAF B olF AP G o] &3 H&AY HEELPE F
A & Yxe WeHe AA 3P Henderson[8le 3 Weibull &5& o] &3t dulite
BEZRL Fado. 2y, 29 A5 QYA ANageAe Hd Mulse EF &8
the Zlsate] ARG NM2E 7lede AAgHo] Mduluxe F dlle)l HI jlon,
Fitch[6]¢} Wolf[26]= AdulmAle] AJAES MEsANHozHN HAF S 3
Atk Wolf[26]F Ocker[17]2] 478 FAANAM AHFA AdddA e 71t 757 7}
A 2 99lo] At FAsATh White[24]e ZAAHA AJES o zH M FAAHY
AEzREL T F Uz 98 59 A3t Dandekarl4]e AEEE ALAl ALEF3E
wor olug AuizldQ ANE mEddof dvtn FAIFLH, AFFEF 7] (Product life
cycle)E 1T AE2RPL AGsYrh KatereggallOls HFEAY Eobe] MERY o2
Gompertz AEFAM([1]3F Fisher-Pry A&x&{5lo] 7134 Eg&3 EyYPolgm FH3Ach
Oh[18]%: 714 o &2 3 (Technological Forecasting Model)& ©] &% MERH S AAIE 4y
o] AA A e wE Zzte] YEZHE AAste HAE AASHTH "M, 2 AT
Ae AuAAREY ASFHE FAHY] A5t 98 A AEFALE Y A HEE
HEZHAE AA SRR} Frd,
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298 dugt XEE e HEdss 2R o Fdd FF v At
A< = Azt YEEFE QAR ¥ g EAET o)y dne 4EFPH e ¥
7] £ 4= M (Retirement frequency curve), 3 7] & A (Retirement curve) 2 7] &3FA
(Retirement rate curve) &2 E@ Y, SEUSF XE AVHE ANTE UG F3
B ¥ g4 (Cumulative distribution function)+

F(x) = P(X<x) (n



ARG 2T A A 23F Al 57H 2000 6 115

o]z o] Z 9 7] %4 (Retirement function)2t 3tck, Z2fy zakAdu] o] dujFdg B Ao M=
BzHA 5z ¥Eso

S(x) = 1-Flx) = P(X)>x) (2)
E A188 olE M ET S (Survivor function) E=E A& F M (Survivor curve)o|gt B2
o o= AH7LA A7t AlEE SES oudT dutHoE HulFHENA A FHEW
F XeE 29 g 1R £ goeug S0) =10 olgdtn A S,

ol 3 AEZHE A By AW wg MY ASIHAREET vjdy HEIFHAR
Hog TR FA3c Adule dxd #HY HHE BEAE] A HEAHA AEFHREY
< olgiet Fo
(1) Pearl &34 (PL : Pearl survivor curve)

U A8 34 FEQl Pearl A& FA4[20]L,
S(2) = 1.0 + e(4) 3)
1+ a-exp(B-D
ANM, S(H = tAl A BEE,
t= BSAH,
a(a>0) = 91& 2,
B(>0) = e B,
e(d ~ i.i.d. N, o).
(2) Gompertz &3 X (GZ : Gompertz survivor curve)
vl E 4 Hele Gompertz AEZA[1]L,
S(9) = exp(— G- e ) + & (4)
714, S(H = tAlBolMe] HEE,
t= FHEAA,
G kG k>0 = 289 BF
e ~ i.i.d. NQO, o).
(3) Weibull =24 (WB : Weibull survivor curve)
v A8 g4 P89 Weibull A& F4(23]2,
- (L
S(H =1.0-¢e + &(#) (5)

G714, S(H) = tA M BEE,
t= TEAH,
a(a>0) = 94 2,
B(B8>0) = He| B,
e(d ~ i.d.d. NO, o).
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(4) A83 ¥ Fisher-Pry &34 (LFP : Linearized Fisher-Pry survivor curve)
Thef Fisher-Pry AEFA[5]E olalgt ol Ay 3} 313,

_ S 4 _ .
ut) = hl[ 1.0 - S(d ] = /3() + B; t+ E(t) (6)
o 7]1A, Ut) = 4339 Fisher-Pry &2,

S( = tAHAN Y B,
t= BEAH,

ed ~ i.i.d MO, o).

(5) 183 © Gompertz &34 (LGZ : Linearized Gompertz survivor curve)
Gompertz AE&IZA[1]& of2lie} Fo] A8 Az WHSEH,

V) = —In[ —In(SD)] = By + B - t+ &) (7)
Aq71A, V() = A&d AF Gompertz SR,
S(H = tA Ao Ae] JE&,
t= BEAH,

eH ~ i.i.d MO, 6.

1]

(6) A¥3 ¥ Weibull ¥EZX(LWB : Linearized Weibull survivor curve)
Weibull EJHE ol 9} To] AP 3w[22],

Wt = In[ —Inf1.0—-S(H1) = By + By -t + &(¥) (8)
7|4, W(t) = X188 A% Weibull 4334
S(H = tA AN AEE
b= BEAA,

e(d ~ i.i.d. N, o).

REFZHY AREE ALY NAE H7] A87t ol &8 5 doH, uAdg YEJH 234
F(e(H)Ee]l FUYF BEXE 2R ¢gv 97 Y922 GMMI(Generalized Method of
Moments)[7]9] &l&iA E4E FAST T APduiEY #H2) AR 939 HE=)
13 FL AEIHY WAL A HIFAFLA(Mean Estimate Error) gto]l 47 58 =
ye AAs}16]

_ 2
Mean Estimate Error = 21 (S() N S(@) x 1000 (9)

A7IA, S() = tAHollMe] A=,
5P = tAAANA Y FHA QAES,
N=dx9 57 A8,
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3.1 Kruskal-Wallis A .
At 6718 AEZA et v RFH Kruskal-Wallis 2A[2]E 3 A3+ <F 1>
z}, ’

<H# 1> Kruskal-Wallis A A%

NEE test value p-value

10% 11.83 0.0373x

25% 1584 0.0073=

50% 2257 0.0004x

5% 22.13 0.0005x

100% 44.87 0.0001
* . significantly different with confidence

<E 1>olA mE wig 2ol A4 AR AEE0]l ¥oMAEE F Ay AE7 BordsE %
2Hpe) Folrt e Rez 2Hdd

3.2 Tukey #34

Kruskal-Wallis 274 Z3 z} 2¥zto] Ao|rt Yoz Agddnise] A& FHE 93
Al M AF = FHFAFA o ofste] Ao HERYPE WA A Tukey B A[15]
g A3k <E 2>9 2.

o &

<E 2> AEEY BEAEANR

89l | AFX | sum of squares | mean square

2y 5 516.62
2zt 126 1219.77 9.68
24 131 1736.39

<E 2>2 o]g3td T Tukey HAX & 0048950122 ol & o] &5t 227) Hr7 AR ¥
23 7t Ry HYgE FZAL F A7 <F D>H FH
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<E 3> Z+ 2¥Y3te| Tukey BA A7

2% (m.s) LFP LGZ LWB PL GZ WB
LFP(6.23) - 2.09 0.38 4,18+ 4.70* 4.75%
LGZ(4.14) - 17 2.09 2.61 2.66
LWB(5.86) - 3.81%* 4.33* 4.38%*
PL(2.05) - 052 057
GZ(153) - 0.05
WB(1.48) ' -
L’i ¢ indicate significant difference exists between models

<E 3> H& uiel o] Weibull AEFHY 4 FFAFLAIF 1488 713 Hom A
3 3lE Fisher-Pry &I Mol Adste Webull 2EZHEct o A e Aoz Jelyo

4, £ Weibull =3I 49 &

Tukey 74;6] A3 A}ﬁgu],] A= 208 Weibull A& x«]o] 7].20} z«h‘s}a} oz HMQ
QoBZ olg ugoR Huse Az A B AAHA 7HX Az AHsA sotsr
9ste] ¥ Weibull A&J4& 5’-\"—‘4?‘}‘4
41 &% Weibull &34

AgAdulel & o 488 A7) F9E vEhly] 98l £ Weibull BEZHE GsY 2
o] Hggr}

S(x) = v- Si(x) +(1 =)« So(x)

A7NAM, v (0 <v 1) = EF Weibull &ZTAe] v &
Si() = EF Weibull AEFH A AR 18
So() = EF Weibull &I A2 F s 28

42 £ Weibull 42349 4= 87

7 AgRorld £08 3379 W) RAA Weibull A& A3} EF Weibull A
2308 449 AHE <5 1>9 2ok A ANAZE o8] o APH 423
& 787 Asted Bhew e HYE WAL W

Hy: Weibull 3EF0 o A@8H(uy < py)
Hy: T Weibull BE=Fdol ol st pw > py)
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n
A7NM, py = EF Weibull AETHL 288 JF gt
pw= Weibull JEJH & L3 JF g
ADy_w=F AEINY AHolo HF &

Sq = el F&EHAA
= 29

<HF 1> ZHfE o] &l F AEJHNY AUuunE @ P
ADy_w = 2237295,
Ss = 45,794.94,
n = 33,
i olE o) &% T & 28060 Hol t 29 77X 2037(a=0.05, n~1 =32 ) B
& gkol Ho 5’1-‘?-7P’§ °] 7]4%@ F Az AdE EF Weibull EJ 0] Mg e

At S GAE A A G vhAtA R AdAE] BHe) JAME 4G FoF AHLL
9 syt delel Wedse] Foint dule A XL gaste 94U o8 At
A2 oy o 4 F EYH dAeo] AA AgMuldE 1R FF dAoe
BER 71E9 AERY FHdAME LS ol&std Mule WEdAFE FASADG. a3y
M2 71ede] Ast2 AT D I 2dol e du 54 BYAdE ¥ ¥ we
A, & AT ALE EF Weibull AEFHE o] 83l Mo #7] FeE =HFo2Hy
AHEY A Fae] wE AN YRS &8I gt ¢ U
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q9 fitting 2 31000% A=-AZH)

test AEFH | Weibull &4 @3%\7‘—{;2\111 fitting X} ] |

1 35726.7 6976.6 28750.1
2 10781.0 7017.6 3763.4
3 20410.3 7928.2 12482.1
4 1582917 28640.5 129651.2
5 16292.1 3201.8 13090.3
6 8024.5 7888.1 136.4
7 10235 10235 0.0

8 6020.9 6020.9 0.0

9 292159.1 63023.0 229136.1
10 16404.6 3441.7 12962.9
11 14306.1 14553.3 - 2472
12 14550.6 3907.8 10642.8
13 155.7 155.7 0.0
14 46435 46435 0.0
15 3694.5 3694.5 0.0
16 75900.7 7486.0 68414.7
17 7235.7 5299.7 1936.0
18 18312.2 1886.2 16426.0
19 1705.3 1705.3 0.0
20 16832.0 7463.7 9368.3
21 6301.4 6301.4 0.0
22 11084.7 4674.6 6410.1
23 14660.9 1585.7 13075.2
24 151125 3965.5 11147.0
25 74456.8 5018.2 69438.6
26 17030.0 8632.6 8397.4
27 22105.9 4197.2 17908.7
28 34215.1 815.0 33400.1
29 311113 4342.2 26769.1
30 29658.5 9260.9 20397.6
31 2196.0 2196.0 0.0
32 4793.7 47937 0.0
33 10567.0 15716.4 - 51494




