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Abstract

Due to the rapid mortality reduction, prolonging human longevity is a common
phenomenon and longevity risk receives more attention in 21% century. Many
developed countries encounter many problems brought up by prolonging life, such as
poor community infrastructure and insufficient financial pension funds for the elderly.
Population Projection thus becomes essential in government planning in dealing with
the population aging. However, rapid changes in mortality and fertility make the
projection very tricky. It would be even more difficult to project areas with fewer
populations (i.e., small areas) since it takes extra efforts to deal with the larger
fluctuations in small population.

The objective of the study is to construct a standard operating procedure (SOP)
for small population projection. Unlike the previous study, e.g., Wang et al. (2012),
we will take both the fertility and mortality into account (but set migration aside for
simplicity). First, for the fertility projection, we evaluate if total fertility rates (TFR)
are more appropriate than the age-specific fertility rates for small population. Also,
we compare two fertility projection methods: Lee-Carter model and block bootstrap,
and check which shows better results. Based on the computer simulation, we found
that TFR performs better and the block bootstrap method is more sensitive to rapid
fertility changes. As for mortality rate projection, we also recommend the standard
operating procedure by Wang et al. (2012). However, the smoothing methods have
limited impacts on mortality projection and can be ignored.

In addition to simulation, we also apply the SOP for projecting the small
population to Taiwan counties and it achieves satisfactory results. However, due to
the availability of data, our method can only be used for short-term projection (at
most 30 years) and these results might not apply to long-term projection. Also, similar
to the previous work, the fertility rates have the larger impact on small population
projection, although we think that the migration has large impact as well. In this
study, only the stochastic projection is considered and we shall consider including
expert opinions as the future study.

Key words: Population projection, Small Area Population Projection, Graduation,

Block Bootstrap, Stochastic Projection.
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(F 4 & §20# ~ $2 13 & H10# )
¥ i~ : MAPE (%)

oAt 350 R ER.ES £ &5 FP R
e B 49.58 63.66 53.68 63.90 534.30
(0~144%) - - - -
1 iTE&
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(655 +) D
% B
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1 iTE &
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£03-13 % £ RS A U 3R — IR R A

(F & §20# ~ $2 12 & H10# )

¥ i+ : MAPE (%)

N T Tk 4 §51 2% W & Rk £ &R i
ER R R 'S 0.75 2.57 3.62 3.44 4.98 1.48
(0-14%) 20.04 13.33 19.65 22.14 33.60 20.81
1 &£ &
(15~64) 2.34 1.59 1.30 0.31 1.00 3.30
% %
(65 4) 8.44 5.38 5.68 3.87 5.62 3.26
% %
(85 4) 16.85 9.57 14.77 7.99 10.93 9.73
0 31.40 16.97 40.72 47.95 64.54 36.38
FH RAvE 1.45 3.66 3.52 3.31 4.81 1.50
(0-14%) 23.91 13.52 19.44 21.38 33.50 20.94
1 &£ &
(15~64) 2.10 2.65 1.21 0.26 0.79 3.02
%
(65 4) 9.26 3.93 6.47 3.79 6.34 3.23
% %
(85 +) 21.69 10.55 13.56 8.68 11.97 13.24
0 31.58 17.30 40.57 47.08 64.76 37.23
I E LR 3 0.35 1.55 3.71 3.59 5.16 1.47
(0-14%) 16.08 13.13 19.88 22.98 33.71 20.67
1 F#E &
(15~64) 2.58 0.64 1.40 0.43 1.28 3.59
%
(65 4) 7.63 6.76 5.00 3.95 5.00 3.29
% %
(85 4) 11.96 8.73 15.44 8.54 10.27 8.09
0 31.21 16.62 40.93 49.04 64.33 35.70
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40314~ 8 BT A T B2 PR — Rl B

(F & §cl5# ~ H i3 & 15 )

¥ i+ : MAPE (%)

Crde  dEER O g#S PR wER EEAR BPR
EX N U 4 1.90 4.86 5.35 6.91 8.56 242
(0-14%) 11.69 11.27 21.80 29.94 45.52 9.50
1 &£ &
(15-644) 3.99 4.89 3.30 3.37 3.48 3.88
B
(65 +) 8.62 4.01 7.56 5.01 6.25 7.42
R
(854 +) 13.13 7.29 29.41 8.93 12.68 7.09
0 21.93 25.79 36.83 48.73 60.06 16.98
Fl BArEk 3.01 6.78 4.90 6.34 7.69 1.82
(0-147%) 11.01 12.16 22.05 29.44 44.92 10.20
1 iF#E &
(15-644) 5.20 6.86 2.54 2.62 2.61 3.42
B8
(654 +) 10.05 3.13 8.40 5.57 8.64 6.15
B
(854 +) 16.46 14.13 21.52 15.22 19.84 6.32
0 16.87 26.47 37.27 48.41 60.72 17.51
i SN 'S 1.04 2.87 5.59 7.29 9.32 3.17
(0-14%) 12.90 10.93 21.96 30.49 45.62 9.28
1 FE
(15-644) 3.08 2.76 3.92 4.01 4.53 4.43
B8
(65 +) 8.44 6.77 7.79 5.34 4.96 9.17
BB
(854 +) 11.88 6.20 3451 5.65 8.69 12.90
0 27.66 25.05 36.40 49.20 59.36 16.69
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ftF 3-12012-20314 4 400 T THRFL B T H M P B

i

5

& RN #E A Lee-Cartert& Y

FH ((E5i: 3 PG S EEAS PG S

2012 0.90 1.077 1.21 1.04 1.183 1.35
2013 0.91 1.089 1.24 0.97 1.175 1.43
2014 0.86 1.071 1.24 0.94 1.159 1.47
2015 0.82 1.076 1.27 0.91 1.149 1.47
2016 0.79 1.079 1.25 0.89 1.140 1.51
2017 0.79 1.070 1.29 0.88 1.130 1.51
2018 0.77 1.060 1.33 0.86 1.124 1.52
2019 0.76 1.048 1.37 0.85 1.106 1.54
2020 0.77 1.061 1.40 0.85 1.095 1.56
2021 0.79 1.014 1.43 0.83 1.081 1.54
2022 0.77 1.014 1.46 0.82 1.061 1.54
2023 0.78 1.016 1.36 0.81 1.057 1.59
2024 0.79 1.030 1.42 0.79 1.038 151
2025 0.81 1.033 1.47 0.80 1.026 1.54
2026 0.83 1.036 1.46 0.80 1.014 1.55
2027 0.79 1.036 1.53 0.79 0.996 151
2028 0.80 1.040 1.54 0.79 0.985 151
2029 0.81 1.054 1.57 0.77 0.966 1.50
2030 0.79 1.053 1.61 0.77 0.953 1.50
2031 0.77 1.058 1.62 0.76 0.923 1.51
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fifA 3-2-~2012-2031# £i7 v #Shr A B2 T X RAREZATE S

F1 =1t A RS BEMR 88 %
2012 1.25 1.16 1.21 0.93 1.10
2013 1.27 1.17 1.21 0.95 1.07
2014 1.24 1.16 1.20 0.99 1.08
2015 1.26 1.13 1.17 1.02 1.10
2016 1.29 1.15 1.17 1.05 1.10
2017 1.28 1.16 1.13 1.07 1.10
2018 1.26 1.13 1.13 1.09 1.10
2019 1.25 1.06 1.07 1.09 1.08
2020 1.21 1.06 1.09 1.09 1.06
2021 1.17 1.03 1.09 1.14 1.04
2022 1.15 1.00 1.03 1.08 1.04
2023 1.17 0.97 1.02 1.08 1.03
2024 1.24 1.01 1.03 1.09 1.03
2025 1.28 1.02 1.03 1.11 1.02
2026 1.29 1.03 1.02 1.12 1.03
2027 1.31 1.05 1.01 1.11 1.04
2028 133 1.06 1.00 1.10 1.02
2029 1.37 1.06 0.99 1.11 1.02
2030 1.37 1.07 0.98 1.10 1.01
2031 1.39 1.06 0.97 1.10 1.00
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