A Comparison of Fertility Projection Methods:

A Case Study in Taiwan Areat

/%i&@iﬁi '?i&ﬁbﬁv2éﬁg}ﬁJ

HEH$ sER
[-Ping Huang Jack C. Yue

1 23

AT EAER O RVECHWELFRADRLHBEER A2 — BEY
Ll B EHNATE  HADLBIBERK - AXAREEE 15 £ 49 ]
AR— A F % 0 3] Gamma &k 2L ~ Gompertz o 2 ~ Lee-Carter jx =4
BA R B — s m ARGtk @ 1951 £ 3 1995 Sy B A RA# > BT
1996 4 £ 2000 4 FH AR AR AR BB TR - b bl wmAE ik F Rild
EEMEAFTEYELY ARERWEAABAT R  ERERE—FRa @
13tk 2 4& d WLS 58y Lee-Carter B ; AR FSMNA T F > ZRERE—

285 40 48 ) 45 3% 3k Gompertz A2 A o

Mégs A F R~ Gamma & £ ~ Gompertz &% # ~ Lee-Carter 7% ~ X X B o

R RAR EAF IR RERMIL  ARRMELFEN T AR -
** Master of Department of Statistics, National Chengchi University
Bl KRB SR ATFAE
*** Associate Professor, Department of Statistics, National Chengchi University
BUb REZ 3 & 844z



Abstract

Both the fertility rates and mortality rates have been experiencing dramatic
decreases in recent years. As a result, the population aging has become one of
the major concerns in Taiwan area, and the proportion of the elderly (age 65 and
over) increases promptly from 2.6% in 1965 to 8.8% in 2001. The decrease of
fertility rate is especially significant. For example, the total fertility rate was
5.58 in 1961, and then decreases dramatically to 1.67 in 1981 (1.4 in 2001), a
reduction of almost 70% within 20 years.

The goa of this paper is to study the fertility pattern in Taiwan area. In
particular, we are interested in exploring the fertility models and seeking for the
most suitable model in Taiwan. The models considered are Gamma function,
Gompertz function, Lee-Carter method and individual group estimation. We use
the data from 1951 to 1995 as pilot data and 1996 to 2000 as test data to judge
which model has the best fit. We found that individual group estimation and
Lee-Carter method have the smallest errors for predicting total fertility rates,
while individual group estimation and Gompertz function have the smallest
errors for predicting age-specific fertility rates.

Key Words. Fertility Projection; Gamma Function; Gompertz Function;

Lee-Carter Method; Cross Validation.
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REEMRE Aol ROERMM > LABEHEMABR(H4e - RETARBILE
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BBfA LUFREBUEFLABEEZF TR AAFTROYTHEHARGHEE -
BRTHREAAFTRHEMGOEE  BIEFEIAWE ~ MLFHE - o fs E—
BEREE RFREHTRAALBAEFTTABERLR > BT 1976 FayReFk
JEIEFOARB B —F4£ 20 2 M4 RE&FAM T RFLART RAAAB LAY
MRy 5 BAEd 1998 F R FINE Feoske > AR FLBALTHERS - Bk
FAFAR G LES BT — Y RBE & » iT4% (intervention) % # eyt X E A
iﬂ o

b BATE A F R & ALK AT B4R (generation 2, cohort) &) %4 »
ERELTHE R —HROBEFTE > kw5 F 50 R9FLHEBAE TR RAE

H 4 TEBIZT 0 o

TFR* (xt) = 3 _EE: 3

z={-x | x+z

(X FOT 2 #6) 0 SRR A A T E 0 RTE B A F FRE TN e 84 -

AERMGARGIL HRNSBADT - FH 28N A SEHBCAL
B3 Jof FRAEAE G A 0 BT R IE M H e E & AR BBUR S
REAFAREG - &F A& VLBEREAS AT RBLBRAEZH LS
HE - B A RLBRAEREEGHELE AT ROEA - AREH AL G0
EAHROES  RBUFTTRETH RN T flho - BRRTRG L
RELOMLE - FREROAINFF - AR ETH X GNAINE TR T EHH
TARMGEAEFTEBHE TR BTk 4 T 5w B % HAE 32 KR H
ITADE AL ARE G RIAZ — -
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B IR P o
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7 -
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M &k
% 1 1951 4 %] 1995 4 Gamma & $k 84 4 B &3t

£ 3 a-1 B R® 41 a-1 B R

1951 15.33 0.539 0.973 1974 21.94 0.850 0.990
1952 16.83 0.588 0.977 1975 22.36 0.880 0.991
1953 17.57 0.612 0.978 1976 23.52 0.927 0.992
1954 17.64 0.616 0.979 1977 23.75 0.945 0.992
1955 17.70 0.621 0.979 1978 24.15 0.963 0.993
1956 17.92 0.629 0.977 1979 24.73 0.989 0.994
1957 19.08 0.673 0.974 1980 23.86 0.957 0.993
1958 20.01 0.708 0.972 1981 24.66 0.989 0.993
1959 19.52 0.694 0.973 1982 25.49 1.021 0.994
1960 19.40 0.696 0.975 1983 26.28 1.049 0.996
1961 20.27 0.730 0.976 1984 27.53 1.094 0.997
1962 20.29 0.734 0.977 1985 28.30 1.120 0.998
1963 20.67 0.745 0.982 1986 27.78 1.096 0.997
1964 21.33 0.772 0.981 1987 29.92 1.176 0.999
1965 21.70 0.794 0.982 1988 30.66 1.201 0.999
1966 21.18 0.783 0.983 1989 30.66 1.198 0.999
1967 21.21 0.795 0.986 1990 31.00 1.209 0.999
1968 21.20 0.797 0.987 1991 31.46 1.225 0.997
1969 20.78 0.784 0.988 1992 31.83 1.237 0.996
1970 21.40 0.812 0.991 1993 31.87 1.237 0.995
1971 21.63 0.822 0.991 1994 32.54 1.261 0.993
1972 21.88 0.839 0.991 1995 32.10 1.240 0.994
1973 22.46 0.865 0.990

% 2 1951 £ 3| 1995 4 Gompertz & £t 4 #0463+

E a b R® & a b R’

1951  -4.415 0.183 0.971 1974  -5.923 0.272 0.990
1952  -4.589 0.189 0.973 1975 -6.131 0.285 0.986
1953  -4.672 0.192 0.973 1976  -6.385 0.297 0.985
1954  -4.695 0.194 0.973 1977  -6.511 0.305 0.982
1955  -4.726 0.196 0.972 1978  -6.633 0.311 0.986
1956  -4.781 0.198 0.968 1979  -6.795 0.320 0.986
1957  -4.964 0.206 0.965 1980  -6.656 0.314 0.991
1958  -5.120 0.213 0.960 1981 -6.841 0.322 0.991
1959  -5.060 0.212 0.963 1982  -6.992 0.329 0.988
1960  -5.077 0.214 0.963 1983 -7.121 0.334 0.987
1961  -5.219 0.221 0.963 1984  -7.340 0.343 0.985
1962  -5.233 0.223 0.965 1985  -7.454 0.346 0.984
1963  -5.254 0.224 0.971 1986  -7.304 0.338 0.982
1964  -5.346 0.230 0.974 1987  -7.723 0.356 0.979
1965  -5.445 0.237 0.978 1988  -7.850 0.360 0.979
1966  -5.424 0.239 0.980 1989  -7.811 0.356 0.971
1967  -5.521 0.246 0.982 1990 -7.883 0.359 0.972
1968  -5.547 0.248 0.985 1991  -7.957 0.360 0.964
1969  -5.502 0.247 0.988 1992  -8.021 0.362 0.961
1970  -5.660 0.255 0.987 1993  -8.019 0.361 0.959
1971  -5.715 0.258 0.990 1994  -8.130 0.365 0.954
1972  -5.837 0.266 0.991 1995  -8.013 0.359 0.956
1973  -5.973 0.273 0.989
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% 3 Lee-Carter #2764 % %% a, ~ by

b

Q/N QVD A sE WI QeQ/N W S4HQVD R A sE

& b & by a b & by
15-19 3% 3461 0.095 3461 0.060 3.4530.132 3476 0.062
20-24 3% 5.222 0.103 5222 0.057 52130.128 5.229  0.060
2529 3% 5.469 0.110 5469 0.052 54660.116 5467 0.054
30-34 3% 4.811 0226 4.811 0.097 4.8530.198 4.831 0.091
35-393% 3.826 0.374 3.826 0.172 3.8720.350 3.864 0.160
40-44 3% 2562 0508 2562 0.246 25570525 2571 0.242
45-49 3%, 0.468 0.645 0.468 0.318 0.4340.692 0.464 0.319

A4 BRME RS BEE X G R BT 7 A

Fabia @ B 4R R B P - 7 A A
15-19 % 5.2823-0.0294t 87.5% (1-B)(1-0.5088B) ¢ (=& ARIMA(L,1,0)
20-24 5%, 6.9467-0.0278t 86.3% (1-0.9752B) e (=a0r e =¢ € 1+ & AR(1)
25-29 % 6.9844-0.0244t 92.5% (1-B)(1-(-0.3952)B) ¢ (=& ARIMA(1,1,0)
30-34 5% 7.575-0.04458t 87.8% (1—B)(1—0.5282) Et=& ARI((1)2,1)
35-39 % 8.7759-0.0798t 90.3% (1-B)(1-B?) (1-(-0.6)B) e ;=&  ARIMA(L1,2,0)
40-44 3% 9.7574-0.1161t 95.5% (1-B)(1-0.99B) ¢ ;= (1-0.715B)ac ARIMA(1,1,1)
45-49 3%, 9.8884-0.1519t 98.3% (1-0.9375B) € =& AR(1)
3t : B %48)i& su(Back shift operator) » a 4 & F &
&5 BARAEAEFRFRELERILR

Gamma Gompertz Lee-Carter 1fERI4E3tE X Rty 247

MAPE 11.03 9.54 5.71 5.85 18.31

RMSPE 13.51 11.44 7.38 8.09 19.23
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&6 BB L FEENREILE

( ZAB S 48 )

#A Rl 1519 2024 2529 30-34 3539 40-44 45-49
Gamma MAPE 17.38 37.48 16596 917 1919 1883 33.15
RMSPE 1809 3666 1917 993 1960 1946 36.26

Gompetz MAPE 1422 865 930 1L11 1162 1231 1340
RMSPE 1678 1141 1070 1258 1347 14.39 15.36

LeeCater MAPE 2561 4599 878 3385 49.84 4837 37.18
(SVD+WLS) RMSPE 2701 473 1239 3435 5019 4919 3879
@353 MAPE 847 995 632 763 1078 412 47.35
RMSPE 1039 1289 904 882 1368 486 49.13

EEERFASSRATRER Y

KT BHBALERFFETHRELERLE (FTA F& )

Gamma Gompertz  Lee-Carter(SVD+WLS) 185 4& 3t

‘MAPE RMSPE MAPE RMSPE MAPE RMSPE MAPE RMSPE
1996 16.51 1787 7.31 8.58 27.10 2095 6.27 13.03
1997 20.07 2224 1577 17.23 30.08 3349 815 14.03
1998 26.06 3114 365 394 38.34 40.33 17.67 21.19
1999 23.73 28.37 10.18 10.88 40.92 4333 1826 24.34
2000 22.09 23.03 20.68 20.76 41.85 46.39 17.22 27.86
EBMRFRAEFERERNE
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