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Z3} APL-E (age-standardized mortality

—_

3*
rate), 7]tHod g (life expectancy), 1831 4 ®WHo
ARET ATEE A

#E7el Fxok Zrin AR
4

(lifespan variation) 7} 4t} 9
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A Abo] s 717Ee] XA o] % AT AFGES

q]g ﬁbq_L 7]-7(401— n:ﬂ }\H ?-._1 7—]0; 7]1;]15]
2 Ao E Tt} (Preston et al, 2000). 0A] 7|tHolHL 7
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w2 0|87t g, BRI BL Ak o
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(Silcocks et al, 2001). 4 ¥Ho]= Atk
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0] Z1 A (heterogeneity) =S LB F= A FES EASH
Th(van Raalte et al, 2018). ~T o] A o] ZRZ = X
Y A, B A5, £29AF 50] Qlth

UG Y F o]AFARI A 1 AT E Aol Z2
22 AN Mz oE F e 1 AgE 4345 A

E
H3t7] 9j5to] 3l £ (decomposition analysis)©] ©]-&

T A tH(Arriaga, 1984; Andreev et al, 2002; Jdanov et al,

2017; 2024). Eol| B4 AFGE Apolo theh 57 1
oy AFERl 59 7| =g TofstaAl o uff o] &

), B BAS Sashs o g AME Wb}

Kitagawa©ll 9Jsto] ot 7+ A& (crude death rate)
AXE EA5H7] flsto] 2lz2 ST IHE
T A F ZANGE AALE AA AFSE Aol ek /1
3 Aol = Uire 7R FA1S AlAIsHI T (Kitagawa,
1955; Jdanov et al, 2017). 1990Wt =,
Kitagawa®] &3l 241 WS s-3sto] A L&A of
Uzt o2 oA TS 874 8ot oAty 25 24
S AA5H7]1 % 51 TH(Das Gupta, 1991; 1994). 7]t
ool thgh Baf 2442 1980t A+9] AxAt =
dAoz Ao 7+ 7|di4mg AAke] gk dgetE 719
& =E5t9] o] Fo] T (Andreev,

1982; Arriaga, 1984; Pollard, 1982; Pressat, 1985). 4™
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i

o] AFA7E Z+7] A AISE W F Andreev, Arriaga,
Pressato] A|AISE 34 A3bdog Zre Ays =&

shthar 28 & 91 th(Jdanov et al, 2017).
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ojnjgitt, AAl de] &85 U= F 7HA] LRt &S o] 20119 -2uhet g of ti=Alet 199 2+ 714
A 5 WA e 2o A 9AE A g + AAE 9AE A G5 20109 F A1 zH
2]Eolt}h Andreev et al. (2002) 2 XA A FHE] 3 7|4 Ax 2718 a8ets 1349 2 2xp =
AGT7HA o AFGE S Bl staAr sk 71 A9 A5 ol & ol85to] &8l A5 TH(Kim, 2023). 1
FrE ANYEE A 02 tiAT wle] A% Metds A AL Bl dE T 7oz, 22k SAA
Zh AgTte] 7=z AAsHitE 9AE A dare Eollol M= AP AFGAQIE 7|0 =& AESHAl

52 71O Bo] Jdanov et al 2017) AT WY Tk AZFUE QTS AU AR 1 27t
=

H
o] BE £ 7jQl A9 AEY 4 Yk SHA AT 24

A8 (Korea Statistical Information Service)2] FRI

E2AYIe} nfoj A2 g|o)E A H| A (MicroData

o
ol

H (contour replacement decomposition method) S A|QF
ot & ®A -2 Horiuchi et al. (2008)©] A|AgF A Integrated Service) 2] AFGHRJEFAE F5to] 5519
& W3t nygolt), AAES ARolu AFGUJIE AFY o Qtael AFEAR & 5 Al A- TS 54 ER(0,
Eo] AlRlolut eho]| webA &4 o= MRtk 7t 1-4, ... 854 o’ 2 FE5H3ITh
ol 718tsto], AFgEo] Mg 22 d9= Ui ast7] f1sto] 20108 Al 2

¢

3
HARA BHE T Bl E AP Bel B4 WU Al S 200995 2011979 AR
of 7bssihn RS AR BAIAE BAME X 2 B8Ttel 1ENE A8 g 39 0% B Y
o I E A% Wt Y Y 7 AT Aol A WE ool PRSI, 2 PO 20119% A

ko A Act(danov et al, 2017; 2024), EIF AL & 2010-20129 AR E o|-&sto] FEsiqith 74

SFt}(Jdanov et al,, 2024). ©] A= GAME Ag e EO0E R & =g sE0 2 ERE A9

53} i gmelEol ZuE SAA A BAEE A mol mE AW A4 YA £2 BE Fotol
BHoR MYsta, oA A2et A AZESC] RS TIEAIS 52 A|29) 201049 20119 AT Q7
olgstol MA| T RoHY HE B MY U B 4ok ABF Y AYUAE AYA £F A4S 0]
EE TR Core Team, 2025), AFYE A E A& @5 A7) ol &% Ao B3 AAT AFL THE £o]
= 7lthol ) 4H% 42 ol g3tk A1) AdRE]o] QITHKim, 2023). ©f Aol A Al

A% A3 7|AAS QRIAL 7|Er S o2 A EFoFTh

A AZLEQ|o] RS 0|83t Z3isk3

g5 SX|A xS o, B0 Ergdat A S {5t Quarto =&
&oto] ZAdsk ot AtE 2SIt EAof o]

E A5 E YZ1 (https://drive.google.com/drive/
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folders/10QZPh_jMwe2alZEnDOvmTVH1VXorWWr? usp
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199 692 FA=lo] YTk AFRAL SAE 9, Al
BAY, 5F7|ANG, 2F7|ADH, UM, 71e &0l
o, A Elolelst B elolele] A& 67) W) AlgEL of
oot 2.

7t Auh HElsh=A 25 E g7 7]
SFohH(Andreev et al, 2002). ©AE X8 &
Hot B 9] o8 A9 A ES 1" A
Hlol A shuto] A tE AFYETE HSketthar 7Hg gk
XAl Aol 7Y Her W Hd 2 71

of tigh 7|o=s XAl AF7HA] W HAe] A+t

Jl‘)

M AER VY AUl AYES A8 A5 7]

Age =c(0, 1, seq(5, 85, by = 5))
dim(A)
[1119 6
dim(B)
[1119 6
head(A)

(1] [2] (3] [4] [:5] 6]
[1,] 3.5409e-05 4.2491e-05 7.0818e-05 1.4164e-05 1.4164e-04 3.0664e-03
[2,] 1.0337e-05 3.6180e-05 3.7903e-05 1.7229e-06 6.0300e-05 7.5806e-05
[3] 1.4495e-05 2.1083e-05 3.9531e-06 1.3177e-06 4.3484e-05 2.6354e-05
[4,] 6.7409e-06 3.0815e-05 1.9260e-06 1.9260e-06 5.4890e-05 3.9482e-05
[5] 2.1541e-05 4.2254e-05 2.4855e-06 8.2850e-07 2.3364e-04 3.8111e-05
[6,] 2.2437e-05 5.2353e-05 3.7395e-06 1.8698e-06 3.1973e-04 5.8898e-05

head(B)

[1] [2] [3] [4] [5] [6]
[1,] 0.0000e+00 6.0259e-05 1.2052e-04 6.0259e-05 4.2181e-04 3.6155e-03
[2] 2.9547e-05 4.4321e-05 1.4774e-05 1.4774e-05 1.3296e-04 4.4321e-05

[3] 0.0000e+00 3.4241e-05 1.1414e-05 0.0000e+00 4.5655e-05 4.5655e-05
[4,] 1.7107e-05 2.5661e-05 8.5536e-06 0.0000e+00 8.5536e-05 5.1322e-05
[5] 7.5692e-06 4.5415e-05 7.5692e-06 0.0000e+00 3.8603e-04 4.5415e-05

z
=
[0
]
<

(0]
@
a
[\
(@)
(@)
B
r
2
ﬂ.l.u.
2
I

[6,] 6.3398e-05 3.1699e-05 0.0000e+00 7.9248e-06 6.6568e-04 7.9248e-05

=
Aol whebA gro] gt 4= Qltt A9l Bl
A AP R RE 23 Y ITHA LEATLE uA
Stth= ghojof uhebA BEA1S 433t (Andreev et al,

2002; Jdanov et al, 2017; 2024), L2t AFg-dQlolut

A2t BHIolE & 741 4H= 3H4Q1 ex per.matrix()

= 2o} 7]

ol
§ 523Y BAHQ 247} Q= Aol ek &

ol

M7hAEA QA gk ol TeME 2 SAH B B BE ol FAYES

S & T 2ol Agshes shA o}, ex per.matrix() T4t AFTHE AT mHe A}
Aol AL 20114 eutet Yol thEAlsh 52 WEI I e AR FYstol gk

A 2k 7|th4 Aol et AT 7)oj =g v

ex.per.matrix(A, Age)

S1s =] =] 1] 78.114
8 A FnES ol gl Btk Agre o
ex.per.matrix(B, Age)

[1] 75.624

ex.per.matrix(A, Age) -ex.per.matrix(B, Age)

[1] 2.4903
AV U AE HlolEl 2 TEskent 20119

241 A0S AT AFALE AYES dolel A, ULy AE
2299 AYES dlole] B2 Attt Azl WAl ZtSEe 78114,

75.624| 2 et = Ad 2 7ol Aaks 249

A3t 2011 LUkt tEA] x|
B2 292 7|4ol

& 1971, AFgdRlo] & 67]0] 22 A%t B HojE| RF
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E1 b R | (o] b =1 _)’\—‘sc};lé__ :_?:7 l:l;
24 Z3te] B Totol HF wol A 2AE 4
sfeic

diff AB = stepwise_contrib(A, B, Age)
diff.BA = stepwise_contrib(B, A, Age)
contrib_mean <- (diffAB + (-diff.BA)) / 2
print(contrib_mean)

[1] 0.0694621 0.0172722 0.0091185 0.0168795 0.0455267 0.1059792
0.0708362 0.1397710 0.1481597 0.2028468 0.2593483 0.2923513 0.2715947
0.2095837 0.2006616 0.1870613 0.1591493 0.0496839 0.0349654

sum(contrib_mean)

[1] 2.4903

& A 2 7dirg ARl 2A 710t AR

O

=)
N

=)

Contribution (yrs)

0.0 1 R e T o e T T e T e e e ==

-0.1

g

g8 8
v

85,

2
8

204,
70,5,

F
&

30. 3¢
353, 9
04,
605,
656 9
75, o

g 3
r‘\{,) @
Age grou

72 7|0§ =7} Q20

M A, 40| & X|Nof| R2[et Aot
[18 1] 78 X|2 LT3 S S 0|83 20114 PalLtat Aol
CHZAl2t S5 K| 7k 7|CH42 ZiXtojl Cht otz 7]oj=

oL =2

45-49, 50-54, 55-59A4] o= YUEHT 0-244]
Hol Mt HlmA e 2ol g Lerila, 804l o4 &

W w3 5 AT 274 ARl 7]ofsteint

Aol @) 7|thoiy AA}
A= Ao A Q] Ato] ot ¥st ZA) &lolof Tigh 7] o]
B o] TH(Jdanov et al, 2017). 12+

H

AN E 710 eQlo s AHFTe 2

3 Eage @A AN 5 3
7t 7\thoin Ax7t 5 Aol A o] 7|tholw A}
o} A7kl W2 W3} 34 Apole] ArZolete Azto.R

BE] AZE 9 th(Udanov et al, 2017). A4 g B
HE 0] &35t= o= 7Itog 4tE &4 vlAdPA

lo
fl
o

sto] A AH ] 7ol AARE AA
Axtet A AlA AFTE
3} FA| Zpolo]] tigt 7o =5 %t A7t o 7HsAd
o] 7] wiFolt}. Jdanov 52 2017 THEF Aol
A 198097 2010 JZFHE E dae) v=
i A 2ol 24 Z3E ol 2 5ok (Jdanov et al,
2017). AAHE0] 821 71t A o]
sto] AFE3E 19802 &= =7t =
40-59A41 A7 F2] 71od=E 0.50A1%TE 2010 A=
S AP 7]9i=7F 0.9241 2 Y
EbLt, 1980 thE] 20109 40-59A4] 9] 7]oj =7t
0.424 ¢ Zioh. 22y 7PE = 1980¥ = 2010 7]

&ty ztooll thate] 40-594 Ao 7|5 A&
e we L59A, tl=2 1.294]
2 Yeht, & 27k9] 40-59A4 7o =& oF 0.30419] A
o|F Eith o] Aik= A+ 717 A7t

Al el 71dieeg ARl thet Q11 7o =9 F8 Al

PShe)
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Aol 710 =g @3] Blad 4 glge HolFH, Al 2010\ ¢-2luet @49 ti=Alel 5& A 7t
12|

Aol Me] 7| =g S8 A AFEE 720 B S expermatrix() g4 ©l§3to] AtEet At of
HAY 27 e EEETUdanov et al, 2017). ©] LA A9 77.754, && A9 75.02H 2 YERY F
2 giotol 149 SXA N BPL WARE SAM AW /A4 AR 2734990k
& %0l Blarstara} sk o] Al S8 A, ex per.matrix(aAge)
AF AHe) v WY 71E A 2k nger g M7
guel A4S FR A0S AU AYES AN wmen
A&ttt SAA A% Eaigel tigh o A A2 ::]‘p:;::;”x(a’ Aoe) mexpermatii(e Age
Jdanov et al.(2017) 9] == =2 4 Utk

SAAD EoiY B2 S5t A EA5HH 2011 S a2 decomp.contour() 45 0] &35
Pyt @9 Al & A 2 7Idie 4 Th decomp.contour() e SAA EHEE ARt
S 20109 7 AT 2 71t ket 2010-2011d Jdanov §°] THE0] B8 HiZSt I EE o] A< H|o|
ST AT 7Itheg RS FA] Apojof] tigt AP B EAo % LR HYPsHAthUdanov & Shkolnikov,

l':__
¥ 7|2 E goto] UEATE 20119 tH=A(A)SE & 2014). decomp.contour ) <ol A=HHZ c13t 2 Tlo]
1

£B) Ao slojglol Tato] 20109 ThEAlS 52 2 E, 23 7|th4 A2 B4ES expermatrixE
ofo] A AU AL ES Clole] ast b= A SakTh B4 Azt dojE 2#|el Welz AHEE s,
gokal, Al R 201093 20119 AR S @ote] 2447 AR Al (20109) 2 7T AR Te AR E 7
BloJE 1ot 22 AFTHUT clat c2 HlolEle] A W o, % gThe] Y|th s} 3] Aolo] that AW
W QL Al Az Lol & M AstgiT) 7oz, 223 8 AN F e 7+
- 7\ti4eg Aol that 7107t EekE SAA B
19 6 HE A A O] & e 7 7|4 A Aol tigt 719
e =9} 5} 4] Aolo] that 7|0 =8 Tt} AR A
neado olXe] T AT 3k |th4 ARto] thet 7| =E A

comomo M| stos ga) 24 A3 A Qo £2 A Flolws

[1] 3.6328e-05 4.3594e-05 7.2656e-05 7.2656e-06 1.9617e-04 3.5020e-03
[2] 1.7316e-06 1.3853¢-05 2.2511e-05 5.1949e-06 7.2729¢-05 8.4850e-05 Hla 2 golgo g ot}
3] 8.6021e-06 2.9493¢-05 3.6866e-06 24577e-06 4.6697e-05 3.0722e-05

[4] 1.20226-05 2.7742e-05 9.2474e-07 0.0000e+00 5.0860e-05 3.0516e-05 EERIEMLIES = CleaampueemionifEll, AN =EYpEmEis

[5] 1.3244e-05 4.6352e-05 5.7940e-06 8.2772e-07 2.2845e-04 4.8008e-05 print(contour_res)

[6] 3.0294e-05 3.7867e-05 3.7867e-06 3.7867e-06 38625¢-04 5.3014e-05 initial trend  conventional

head(b) 0 0034870 0.03459247  0.0694621
L1l iz 131 14 L3l 16] 1 0050319 -0.03304723 00172722

[1.] 1.2325e-04 0.0000e+00 6.1626e-05 0.0000e+00 4.9307e-04 3.6359e-03
[2,] 0.0000e+00 2.9694e-05 0.0000e+00 1.4847e-05 1.9301e-04 1.3362e-04
[3] 0.0000e+00 6.3929e-05 0.0000e+00 0.0000e+00 9.5893e-05 6.3929e-05
[4] 1.6661e-05 2.4992e-05 8.3306e-06 1.6661e-05 1.1663e-04 6.6645e-05

5 0.035418 -0.02629908  0.0091185
10 0.041181 -0.02430165  0.0168795
15 0.045912 -0.00038490  0.0455267

[5,] 3.8239e-05 3.0592e-05 0.0000e+00 0.0000e+00 3.1356e-04 1.1472e-04 20 0.027783 0.07819649  0.1059792
[6,] 3.1236e-05 4.6854e-05 0.0000e+00 7.8090e-06 4.9978e-04 3.1236e-05 25 0.137163 -0.06632659  0.0708362
1 = chind(Age, cbind(a, A)) 30 0.130645 0.00912550  0.1397710
€2 = chind(Age, cbind(b, B)) 35 0148938 -0.00077837  0.1481597
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40 0.272302 -0.06945561 0.2028468
45 0.316006 -0.05665802  0.2593483
50 0.288761 0.00359073  0.2923513
55 0.278148 -0.00655328  0.2715947
60 0.214152 -0.00456829  0.2095837
65 0.175291 0.02537069  0.2006616
70 0.222630 -0.03556847  0.1870613
75 0.163439 -0.00428958  0.1591493
80 0.114246 -0.06456253  0.0496839
85 0.084699 -0.04973399  0.0349654

sum(contour_res[,1])
[1] 2.7819
sum(contour_res[,2])
[1] -0.29165
sum(contour_res[,3])

[1] 2.4903
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AIZ AL 201093 F8 AR 2011 Aol
ti=Alet 5& A 3 9] 7Hierg AAF Aol
25-29A12F 40-49A] A3} LA 80Al o AT

o] 7)oj =7t vl A Zitk
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.
DA
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.
'

DAY
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=
.-...

34
30
44

=
a

r 3 .
& & 9 & ¢

Z: |nitial2 A|EF AIEQI 2010, Final2 2 A|I&QI 2011H0|Ct 7|0{= 7}
L=pO0|H CHEA|, S00|H s X[Qof| F2[3H Zuto|ct
[3& 2] 1kH2 SXIM X2 2ol#iS 0|83t
20119 L2|LI2t Ed el CHEAI”E
SE X[ 7H 7|t~H ZX}o] i iEFE J[0i=

2) 2xp2l SXIM XIgH 2l

—

AT DA AFGL A wE 71 =5 A AHESE

A g s 2 SR A% B S o] & 4 9
TH(Jdanov et al,, 2024). 22+ S-2]41 x| Eoljsi 9] 7] &

in)
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M
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A2 Jdanov et al. (2024) 2] A13Y Aol Lreht Qltt
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qotaat sk vlofels 7|thol g AE §4E Aol

EL

two_dim_contour_res =cod_decomposition(c1, c¢2, FUN =ex.per.matrix)
Loading required package: gtools
two_dim_contour_res
$InitalEffect

cl c2 c3 c4 c5 c6
0 0.00665029 -0.00333523 -0.0008439 -0.00055587 0.022710 0.0102443
1 -0.00051166 0.00468048 -0.0066516 0.00285190 0.035540 0.0144106
5 -0.00298423 0.01194638 -0.0012790 -0.00085264 0.017067 0.0115201
10 0.00149441 -0.00088587 0.0023854 0.00536654 0.021184 0.0116369
15 0.00743088 -0.00468540 -0.0017225 -0.00024607 0.025303 0.0198320
20 0.00025681 0.00244983 -0.0010323 0.00109651 0.030949 -0.0059370
25 0.00171745 0.00613359 -0.0015421 0.00759965 0.106828 0.0164261
30 0.01010856 0.00607247 0.0058629 0.00744416 0.076009 0.0251485
35 0.01030287 0.02123716 0.0032713 0.01406609 0.071087 0.0289734
40 0.01804651 0.03436572 0.0089505 0.05410152 0.106209 0.0506296
45 0.03264776 0.04049024 0.0071424 0.06455568 0.121014 0.0501565




50 002697102 0.04992155 0.0116549 0.05150619 0.100927 00477799
55 002465514 007176937 0.0139820 0.03784359 0.089781 0.0401173
60 003874242 005803867 0.0169033 0.01183381 0.078536 0.0100981
65 -0.00384941 0.07202615 0.0098146 001825244 0067833 0.0112145
70 000692710 0.10243254 00327102 0.01711286 0.067160 -0.0037134
75 000549278 0.04782280 0.0289514 0.00626305 0.069357 0.0055517
80 001188463 0.02923509 0.0269665 0.00887881 0.046616 -0.0093341
85 -0.00453784 -0.01308955 0.0343693 0.00783269 0.025367 0.0347577

$TrendEffect
cl (] c3] c4 c5] c6

0 -0.0093555 0.00469287 4.6447e-03 4.0802e-03 -0.00126842 0.03179866
1 0.0061856 -0.00227783 -1.8471e-04 1.0046e-03 -0.01406603 -0.02370879
5 -0.0020448 -0.00738042 3.8670e-03 3.9561e-04 -0.01631288 -0.00482355
10 0.0018450 -0.00077476 -2.5077e-04 -5.9862e-03 -0.01131143 -0.00782352
15 -0.0115821 0.00562407 3.2333e-03 -2.3362e-07 0.01999183 -0.01765180
20 0.0109032 -0.00807846 1.2876e-05 5.5434e-04 0.06333128 0.01147326
25 0.0017859 0.00250624 2.6680e-03 -2.9948e-03 -0.05720867 -0.01308322
30 0.0029089 0.01414091 -6.0471e-03 -2.7524e-03 0.00784157 -0.00696635
35 -0.0043307 0.00072968 3.1455e-03 -3.4478e-03 0.01753083 -0.01440586
40 -0.0012375 -0.00390037 8.0146e-04 -2.6697e-02 -0.03357271 -0.00484919
45 -0.0031023 -0.00290063 2.0754e-03 -2.2614e-02 -0.02220645 -0.00791000
50 0.0063667 -0.00160269 1.1529e-03 1.2020e-02 -0.01475587 0.00040939
55 0.0040728 0.00640784 3.4834e-03 -6.4856e-03 -0.02322723 0.00919553
60 -0.0106057 -0.01429984 -1.8345e-03 2.0660e-02 -0.00053143 0.00204319
65 0.0179589 -0.02661274 2.2424e-02 8.1570e-04 0.01188422 -0.00109893
70 -0.0033749 -0.03204386 7.1123e-03 -1.5994e-03 0.01475798 -0.02042054
75 0.0031442 0.01732596 1.5606e-02 -4.2817e-03 -0.02568828 -0.01039564
80 -0.0189989 -0.02638072 1.2760e-02 3.1383e-03 -0.01150932 -0.02357195
85 -0.0043845 -0.02289259 -1.1812e-02 -2.2065e-03 0.00659350 -0.01503187

$CDecomp

[1] 0.0694621 0.0172722 0.0091185 0.0168795 0.0455267 0.1059792
0.0708362 0.1397710 0.1481597 0.2028468 0.2593483 0.2923513
0.2715947 0.2095837 0.2006616 0.1870613 0.1591493 0.0496839 0.0349654
sum(two_dim_contour_res[[1]])

[1] 2.7819

sum(two_dim_contour_res[[2]])

[1] -0.29165

sum(two_dim_contour_res[[3]])

[1] 2.4903
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Original

Decomposition of Mortality Measures Derived
from Life Table-Based Functions

: Application of Stepwise Replacement and Contour Decomposition Using R

Ilkhan Kim*

Abstract

Decomposition methods have been widely used to quantify the contributions of specific
factors, such as age groups or causes of death, to mortality differences between populations
or to temporal changes in mortality within the same population. However, when summary
measures of mortality are derived from nonlinear functions, the application of traditional additive
decomposition methods becomes problematic, Since the early 2000s, life table-based indicators
of lifespan variation, in addition to age—standardized mortality rates and life expectancy, have
been increasingly utilized, creating a demand for generalized decomposition methods applicable
to a wide range of mortality indicators. Among the two major approaches to generalized
decomposition, this study introduces the stepwise replacement algorithm and examines its
practical application using illustrative data. Furthermore, for settings involving two populations
observed at two time points, we present the contour replacement decomposition method, which
extends the stepwise replacement algorithm to quantify contributions to both cross—sectional
mortality differences between populations at the initial time point and differences in mortality

change trajectories between populations over time,

Keywords: Cause of Death, Life Tables, Longevity, Algorithms
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