B skis x ¥
o F o

L 8 %

2 REBREZ LY
A Study of Mortality Compression and

Prolonging Life

BEFE D A EL
R Y F



# &

7 = B &5(Mortality Compression) Ldp7r= # R L EY A RTR XY A
T kAL 0 frd ¥ M4aEA, 1 (Rectangularization) B @22 > 1AL H ik B
Tt A EREEBITT R BRELEL P 2 Aok RiE{rE &

REUEE oA

L

patl
b
(D
—=
)=
/3
/4

FR A oA EES SRR E S Y
R LI o B A

A FYNBRP G FATHEFTES Bo w7 BRigo e i Fal

‘.'9

ot 1 B RY DERABTE CARARE AR GAL S AT PERER T
(25% ~ 50%% 75%) £25+~ 4 #ich 5 s ds (Modal Age) s it » #E35 =
BRAGEEGIIFUL T -3 5 o4 B¥H = ¥ RITEBER T BENC B8
AR LR o d NEAAHT Y SR d G EATH AT LR R 4
TR (- FREEB 3 ) &R ARTERESPPE

TR LRHEHO R AR R L 2 2L 40 @ 45 Kannisto (2000)
# 11 eh SD(M+)i% &2 &~ & £ ehzb a4 4% (8 72 (Nonlinear-Maximization) » =& fe
H 5 G RCL R A TR R A e B R R ¥t A TRt
RPGEG G r S F R RA S FHN B RS PRE G TR A

T+ 2 % TR LB FR - FRFTAH T A KR - Human Mortality

Database ) > #& 45 = B AT RN



Abstract

Mortality compression is one of the popular research issues in longevity risk. It
means that the age-at-death would concentrate on a narrower range, and it is also
related to the concept of rectangularization of survival curve. In terms of statistical
distribution, mortality compression indicates that the age-at-death degenerates to a
certain age, and it can be used to study changes of lifespan. If the lifespan has a limit,
or mortality compression does exist, this suggests that the life expectancy has a limit
and the variance of age-at-death would converge.

In the study, we evaluate the mortality compression using the statistical methods
and considering the issue of data quality. In addition to the nonparametric methods
used in the previous studies, such as shortest confidence interval on the distribution of
age-at-death and the modal age, we consider optimization methods for estimating the
standard deviation of age-at-death distribution. In specific, we compare the SD(M+)
proposed by Kannisto (2000) and the method of Nonlinear-Maximization, and check
which method has a smaller MSE (Mean Squared Error). For the issue of data quality,
we compare the estimation results of using mortality rates from life table data with
those using the raw data.

In addition to computer simulation, we consider the sensitivity analysis of
age-at-death distribution, to evaluate the estimation method. Furthermore, based on
the data from Human Mortality Database, we apply the method of
Nonlinear-Maximization to life table data (i.e., graduated mortality rates) and raw
data, and check if there are significant differences. The estimation results of empirical
study are also used to evaluate if there is mortality compression and if there is a

longevity limit.

Key Words: Mortality Compression; Rectangularization of Survival Curve;

Distribution of age-at-death; Prolonging Life; Optimization.
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k # » # 5 20,000 # A #c 5 100,000
5 80.00 79.99 80.51 79.98 80.07 80.38
'}ﬂﬁ},\%&:&ﬁﬁ'd’ 4};’!\;‘:,? MIE'%U ;”ﬁ%%ﬁv—?;%ﬁ,?&a% ‘E_,E\‘}ifégJ.M

P2 RO AR 7 fbﬁv%lf]%%?Mﬁﬂf‘—;%ﬁw FRAEF V- By AEDE

A EPIEB 2 (Al B3EFMs § MEbRE -2+ a7

4310 B EErd Mo G 3 B R

%3 gl i

K # ~ # 5 20,000 # * #c % 100,000
R | % - Fou | REFR ] OF- o
5 10.00 9.43 9.87 10.00 10.05 9.86

20




I
)
5
|4
Y5

d AV UFER S FER AL BTN AR B3 HNMEG
FRR AP B o £ 2 frghi SRRl R S F g
Moo K AR S I BASDMA)E A < a5 H L R Aty mA GRS
B AT F B 3 BRRE S 2 RERIPE R ABEPEE 4
MERFIRFe AP DR A EI AR 2 GEATHEREIR
PR REHE e FEAF T E % 2 L4 X SR TR

RIS AR R R TR A 2L g TR

21



FEL CRETELH

o REAMR A NT A IR TR FHES 2 FAAFTE UE F
ST RS BIUA oW A AT AR g 0 Flt AR 1193 WHO 2009
EREDDFTIDRETHEPTIORLERE DR Top A EF/ Ak L -
VIR SRR S F ST BRI L % FPYHMD Y hRde s TR £ R F
i P AT5048 & fuf K g5 2 RGN i B G F g
REOTI PRAEI G o W T L R 2 REFAERE D AR AR T TIORAL L
P ARG B B AR 0 B Reng R T s 3T o

h g R @i o BB E R 0 ENME A2 PR T R

RIET = BREUEAEUL AELZA L E K- i BRELE R

AR HEREHNESATE TR E PR o FC EET o

R L

hoE A BRI A PR L #1Cooz BTt 0 i A BRE D N ehR
e BREEEE A BALA P AT BEAMEA REET S LR L
P i o

e BEEFER 3 b0 R R AR T AR L B BRI AT
BlP worrg i BFEAGME BELA G TNMAE I i 8% 5 A 0045
A Fh AT A AT AL 10504 11980£ B LM E TE A A

19804 1540 £ 4rsi e 7 0 F LA % R 45 hSD(MH) & A + #4131 SSD(M+) »

Fi0F Ao B R o @7 3 B A TR EIANME P B R TR R
A B H = > & SD(M+)er@na Bl E @ % Ris TR € Bor R L 2 F eniFa) o &
AEEAFTHRET DT EABEIR o P AR TR S S HRIL .

22



Age

Age

Age

HAF M EZ NN R4 27 8L (Raw Data)

B AS RNV fl5 2 fRiE2e 7 BE{E (Life Table Data)

\ — ¥ Normal NM — ¥ Normal NM
RN — B kNormal.NM @ — B fENormal M
Ny = = 2% Logistic NM N = = 2 {%Logistic NM
© ‘»"\ — — B % Logistic NM © IS — — B{%Logistic NM
= LR <= Pk Thacther et al. = W - — - Zf&Thacther et al
S =+ B Thacther et al. w N - =+ B {&Thacther et al.
- | A NS “
o
“ T T T T T T T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
Year Year
HAFBHEZPESD(M+).2 2t (Raw Data) HAZ LM SD(M+).2 2241, (Life Table Data)
- — RTREFEHE SO o — ZHEEEHESSM)
— BB EHEE SO(M+) A — BB E#EE SD(M+)
— — ZfESDV+) L A = = ZTESDM+)
- = Bfkspm+) noroh 4 — — BE{&sDm+)
@ B
1
1
A 1
1
1
@ 4
T T T T T T T T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
Year Year
k3 3 2L g <
DESINVIES FIEESTTE Y
A B4 Ex#C50 - 24k (Raw Data) A7 B4 E i #:C50 2 Bk (Life Table Data)
& &
o | o~
& N
— #{£C50
— B0
o | o
& &
2+ 24
o
=)
Py
= e -
T 34
o o
o o
- T T T T T T T A T T T T T T T
1950 19660 1970 1980 1990 2000 2010 1950 1860 1970 1980 1990 2000 2010
Year Year
iL

B4-2~p 5§ gL HChz 8

|



FARGFR G AT 5 eeh¥ - BIgih s Cooo B14-25 B & T 128+ 14 C02 ¥
oo R LA F2 REES o L BIR fdoFriesi Hehiz - k0 Ceoll
Jeac2 00 @ Bl4-28g 7 en S 2B X cndffpiy o A P HE LA F 0 A
BHFAIRG G p RO E 2 P A BT (S e ) BEAR G dE T
(BxFI ) Ra Ao R T+ 2Hp|F HColicx Mg 1 p 2355 »
Fad AEDp A oRE

P A AR L & Coot AACA T EARS G P A A T E k(]

PLEh) TR AR 0 el DT RPN 2 E R o

"&r

s P e oo =, - N PSRN
EF P RESSHm MR EL GRS E SRR FIRE R

& FZeuk2 itk

A RR AT ENMIYZ 4 b % TS 4 B
Fenf Bz m= E@nsFA2L LT tlo FHAALEF L s 36
AR ARRECTE FFE SN RN

FA4-35 p AT PRAPE AN THAFET g ori@ gk o R 7

@

FIL O AU RASF R EIeoModal Age R T TE AR S oo FIEAKB 3 o T id
o= A HmaE R N - B FIPtd A BPIERD 2 3 AL BT
A GEB 3L GEAFTHERITF A2 RINMEIINEE L 45 AFE
Modal AgeF it + 2 enipdh > ¥ - 25 > f1* 4 LA TR GFEINDIME ¥

RASTRE - 8 Bl An A d 1R .

24



H 7 5B {4 &2 4 ¥ Modal Age 2~ % {1, (Raw Data) H = B 14 8 4 1 Modal Age~ #4L (Life Table Data)

w | o
E3 3
8 Normal NM i ’ Normal NM
Logistic NM R Ay Logistic. NM
- Obs - N ++++ Obs
Thatcher et al. R . Thatcher et al.
w
@
V]
)
<
o |
w
w
2
T T T T T T T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010

Year Year

Bl4-3~ p & § [+ 4% M Modal Agez % 1t

BEAR A A BTG EA AR o KA T L D 204 & R NMeR
Bl LR B2 B 7 F oAk % > Thactheretal. #7i2 * 07 j2 & iri
T AR BB Bem S ANMS 2978 Gt E2 4phE dics 0.998 =
7 NMe2 g @+ ¢ 5 0.93% 0.952 & » ¥#Thacther et al. 53+ Eedp B 28
0.991 % 0.993z ¥ » @ Thacther et al.*7{F 2 fz 3> B & SRt & P m2 B 4p i
P 509620972 FF » Ergg LRI EAEY U H B 32 £FPL R o

K;rti poAreh s AFEY OTIE Y end A L B R 72 Modal Age (= ) ¥ 7
A AR R BRI S F o Y BT F R T RE

B2 Fou e Fai Boma A& 4 Modal Age 2 i enii-35 0 1 3 3t 2 ¥7rModal Age

) -—
[iS
[«
45
(%
Ny
3

A
w

e

=

‘Tiﬁ

\3\
J

W

P B Rz AR o

EN

PAFEAELEST S SR E A2 T Rl FA4 BT AR W

FohERPEF LAY 8 D RBLRSTREET A REI T ERE R

25



H 7k 58 {4 B4 4 # 95th Percentile 27 # {1, (Raw Data) H 7 55 {4 B2 40 £ 95th Percentilez” &L, (Life Table Data)

o o
27 <7
— EMOSthE LB — EHOSING iU
— B E B — RMHOShEHuE
w _| o
> &
@ @«
j=2 j=
< <
o _| o
(=2 (=]
w | o |
@ ©
T T T T T T T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010
Year Year

Bld-dsp ATt BF A2 4 LT ik

CHEC ST TR E S AL R S LT L EL e R

BT AFFTL 5 Coorfrgla 7 Aot » R 40 BEAR TP A A A E
feacshk 5 - Modal Agert 2 5= Edg F A2 4+ 3 g v 28 Egrae,
FEAFEEAFFE LY TP AR LTI IR DR TR

26



FELE - BRmpERk

\

—q

]

LS

% # kb & (Longevity Risk)4p en&8_4 373 B PR Ag 1 3p 3 > 10 3 & K f =G,

AEAFEL D B ek N BRI A AR (e Toee 2 h

$e
>8]

) PR B A RRAE AL FE L TRA o Pl PERA R

T BT E R AR ARIULE 2 RS SRR TR Fl2 - odok 4 4D
%@4)3 ’fk’i‘.ﬁ\" R A -&Mﬁiﬁbﬁ'ﬁﬂ ’/Tlf-»lé‘/r":" Mk B @ '; v g ’«kl%/r"“” ’ﬁlij

TEFTESGYELE AT R T A AAS k4 435 (Rectangularization)
A= hEWRE e A iEd e BE i AR FET
FAENEFT A2 e RE 0 D SN EAEIVE N RGN & T

W3 AP A3 (B4t Cheung etal, 2005) > ~ % & * B BRI~ = A Hch
FengEds i 2 RErE R iR R L SD(M+) > R & piRlE - RGP L %
FALL AR E Y RFARG - R0 0 AFE LSBT R HR #RES
h7 R F A XTI ERE AR ;?23-;1’3’“,%1 T g miEtg ot #
FR By Pt Flt s GRARNE T

FOEDT s AP paERR Y J@ g1 2 2 NM (Nonlinear Maximization) » 4*

o= A G aRRL E e hE ARl = @ﬁﬁ 1% TR

FA RS 2 FL PR REE RN S 2 AL AR BN LD
B MG REDAR BPEALBPEARE 52 20 BER FHAED KK
E8 o

BT RN E S 2B AP Y £ R LKL F SHMD

(Human Mortality Database)s =~ FHLE ¢ L 324 ¢ 3 R 7o MNM2 3=

S RHFENEEELT IR APFER R ER S IR R
27



ARFTEEG - KA BRI BSOS BIPEOREREE F
PR FBRAFOR AT A A REL PR FIRE R .

FRIAFETEADF RS R o RFRNE E = Fhlen 2R &R

,m
*@5&

perho A G S gER Gt AR TR A ALTHRL AT REA

a\
!
4

Ja

R e g RALGE R

A
Plo AFpSd TREHEVRE I CABIFTHOLE  FRGES F TR

-

REW AL RN ZNMPEF H < Ra $HE AR e o ey 3]

R S R BEATRES - B2 @ ipYue (2012)# * = A iR

FHREI DL EFEN S AL WEAFLRY 4 64 (B318) THAT §
WAEF 0 @i SR -

AP R*P2ZNM> 2> ZRERLEFEZAFE - FER TV MEFAIK

o RGBT TR CRRE % T T3 R HNMGE B

\\

.‘.;

PP BRI AT R o T2 o kB UNMEZEETEEET PIE R~ 4
W R AT Vb kv W g (Period) BLERF B < R g 0 nif & v
zﬁiﬁﬁf@f@ e i (Cohort) gl - fe 3R 34 A4 7+ = RIFF 24T AR AL -

K STHMD & R enFof o B2 AR FOR B B i B e E R

Wi

3

oA

\t-*x’
e
-
"m
[e
D2
e
_;\
1:\%—

TR enig 3 32407 Ap ko B B R ok K #-u FHMD
o TR L > R ERATR Y hig 3 22 s Fi MHMDE AR R 2 R

28



P T A AR i g SRR 0 g5 R i

LIRS -
AT R ] 2 REGAE AU LRI AF{ERR Y Ry
G EMTA DAL ALTHO LTINS E R AT R BT

A FRARERDEA RS RS L AT B FREH S EARS A

bodic B 1Lk A fledk R4S R ¥ d 2 & BModal Age's & TAF A b S R g s

%

FHHERRE RN R G EIRE L P o Bl d A EW
P S AR AT B L Y K

(e AT RS LT s T L& kenE o AP E R

-~

29



54 %
v A

IMPEEZ AT (2009) - £ ez EY MBI BESER o A T B 36

AR ANER L R ¢ 4 4 241k (2010)-2010 & T 2060 & 4 4 4 ¢ 3 (H
551 (99)033.805) ¢ 5T FrCIRGAMER L R § o

B I

Cheung, K. S-L., J. Robine. J-C Tu, and G. Caselli. (2005). Three Dimensions of the
Survival Curve: Horizontalization, Verticalization, and Longevity Extension.
Demography 42(2): 243-258.

Cheung, K. S-L., J. Robine. (2007). Increase in common longevity and the

compressionof mortality: The case of Japan. Population Studies, 61:1, 85-97.

Fries, J. (1980). Aging, Nature Death, and the Compression of Morbidity. The New
England Journal of Medicine 303(3): 130-135.

Kannisto, V. (2000). Measuring the Compression of Mortality. Demographic Research

3, Article6. (www.demographic-research.org/\VVolumes/\Vol3/6).

Kannisto, V. (2001). Mode and Dispersion of the Length of Life. Population: An
English Selection 13(1): 159-172.

Lexis, W. (1878). Sur la durée normale de la vie humaine et sur la théorie de la
stabilité des rapports statistiques. Annales de Démographie Internationale 2(5):
447-460.

Ouellette, N. and R. Bourbeau. (2011). Changes in the age-at-death distribution in
four low mortality countries: A nonparametric approach. Demographic Research
25, Article 19. (www.demographic-research.org/Volumes/\Vol25/19).

30



Thatcher A.R., Cheung, K. S-L., S. Horiuchi, J. Robine. (2011). The compression of
deaths above the mode. Demographic Research 22, Article 17.

(www.demographic-research.org/\Volumes/\Vol22/17).

Wilmoth, J. and S. Horiuchi. (1999). Rectangularization Revisited: Variability of Age
at Death within Human Populations. Demography 36(4): 475-495.

Yue, C.J. (2012).Mortality Compression and Longevity Limit, Contingencies, Jan/Feb,
42-45,

WHO, http://www.who.int/en/

31


http://www.who.int/en/

G EE T

L g th

£ 3

A Ll AT TBIHMER LR

A~ #c s 20,000
NM BB B 2
k R e EEER o R EHE: S
5 80.01 80.00 76.99 79.37 79.40 79.40
6 79.97 79.95 76.95 79.45 79.49 79.48
7 79.99 80.01 76.97 79.04 79.06 79.06
8 79.99 80.01 76.96 79.26 79.29 79.29
9 80.04 80.04 76.94 79.09 79.11 79.11
10 79.99 79.98 76.92 79.54 79.57 79.57
#* ~ % 100,000
NM LR E D
k R4 - $- R e - $-
5 80.01 80.02 77.11 79.45 79.46 79.46
6 79.99 79.99 77.08 79.36 79.37 79.37
7 79.98 79.98 77.05 79.43 79.44 79.44
8 79.99 79.99 77.03 79.65 79.66 79.66
9 80.00 79.99 77.03 79.34 79.35 79.35
10 79.99 79.99 77.02 79.59 79.60 79.60
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12 KBS TS HREL R L

# ~#ic s 20,000

NM SD(M+)
k Yol - e - e Yo - N
5 10.00 10.01 9.62 5.47 5.47 5.53
6 10.00 10.01 9.59 6.32 6.33 6.41
7 10.00 10.01 9.56 7.14 7.10 7.20
8 9.99 10.00 9.54 7.77 7.73 7.90
9 9.99 10.00 9.53 8.27 8.27 8.50
10 10.00 10.01 9.55 8.73 8.73 8.96

# ~ %z 100,000

NM SD(M+)
k R e - e - e R 4 -l E
5 9.99 10.00 9.73 5.47 5.47 5.50
6 10.00 10.00 9.70 6.34 6.34 6.39
7 9.99 10.00 9.67 7.10 7.09 7.19
8 10.00 10.00 9.67 7.71 7.71 7.89
9 10.00 10.00 9.66 8.31 8.31 8.46
10 10.01 10.01 9.66 8.69 8.69 8.91
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A 13 RE B MEEB IHM B RL R

# ~#ic s 20,000

NM BLRI AT 2
k B4 -l o e B4 - e E
5 79.96 79.83 80.03 79.28 79.46 75.29
6 79.94 79.95 80.21 79.39 79.28 75.06
7 80.00 79.53 79.89 79.02 79.53 75.31
8 80.01 80.04 80.49 79.53 79.53 75.26
9 80.02 79.95 80.34 79.39 79.48 75.33
10 80.01 79.87 80.44 79.39 79.55 75.24

& A~ #ic 5 100,000

NM BRI E e 2
k R e y- 5 e R e - e 5o e
5 79.98 80.07 80.38 79.45 79.37 75.02
6 80.01 79.87 80.37 79.37 79.51 75.02
7 80.00 79.98 80.50 79.43 79.46 75.02
8 79.99 79.82 80.60 79.48 79.66 75.02
9 79.99 80.02 80.58 79.41 79.40 75.04
10 79.99 80.01 80.57 79.37 79.35 75.04
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Wi 14 e drd MER B 3 HER LGB

A~ #c 20,000

NM SD(M+)
k B4 - e - e B4 - o
5 10.00 9.43 9.87 5.03 5.01 5.28
6 9.98 9.74 9.82 5.58 5.58 6.02
7 10.01 9.73 9.80 6.02 5.85 6.50
8 9.98 9.65 9.80 6.05 6.05 6.87
9 9.98 9.77 9.82 6.19 6.16 7.06
10 9.98 9.74 9.85 6.25 6.18 7.22

& A~ #c 5 100,000

NM SD(M+)
k R4 - B N R4 E ¥ - e
5 10.00 10.05 9.85 5.00 5.03 5.32
6 10.00 10.08 9.82 5.56 5.52 6.03
7 10.01 10.08 9.80 5.89 5.88 6.57
8 10.00 10.07 9.80 6.07 5.99 6.95
9 10.01 10.07 9.82 6.20 6.20 7.18
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