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Combinational forecasting model of aging population
from a regional perspective

SUN Liping', YUAN Hongjun', HU Lingyun®
( 1.School of Statistics and Applied Mathematics s Anhui University of Finance and Economics; 2.School of
Management Science and Engineering » Anhui University of Finance and Economics: Bengbu 233030, China )

Abstract: In order to improve the predicting accuracy of the aging population, a combinational forecasting
model which is based on induced ordered weighted averaging (IOWA) operators and correlation coefficient is
established by using the residual modified GM(1,1) model, the gray-BP neural network model and the Logis-
tic forecasting model as the single model. Using this model forecast the aging population (=65 years old) of
the eastern, central, western and northeastern regions and the whole country for 2000 - 2020 in China, the
forecasting result shows that the predicting effect of the combinational forecasting model is significantly better
than that of the above three single forecasting models, indicating the model can effectively improve the predic-
ting accuracy of the aging population. Finally, the combinational forecasting model is used to predict the num-
ber of ageing population in the eastern, central, western and northeastern parts of China and the whole country
in the next 10 years: the number of ageing population in China generally shows a gradual growth trend, and
the differences in the aging process between regions are also increasing, of which the ageing population in the
east grows relatively fast and the growth in the central region is relatively slow. The forecasting result can pro-
vide a reference for the formulation of Chinese aging population policy.
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PETERAT 20 9 2% DX 7 4 [ 28 e N 0 800 00 45 21 L 3% 3.

x1 BFHMREEEGS SRUEZRAONIRYE IDN

A AR i iR AL BN

2000 2976.6 2409.5 2277.5 693.2 8821.0

2001 3440.4 2634.0 2554.2 760.1 9062.0

2002 3537.7 2823.9 2753.5 763.4 9377.0

2003 3861.1 2861.0 2833.5 852.6 9692.0

2004 3776.5 2954.8 2909.7 860.3 9857.0

2005 3828.6 3177.0 3198.3 911.1 10055.0

2006 3900.0 3211.9 3238.8 985.5 10419.0

2007 4058.1 3209.5 3288.4 1039.5 10636.0

2008 4177.9 3283.5 3385.9 1087.4 10956.0

2009 4282.1 3398.2 3502.5 1074.1 11307.0

2010 3891.1 3165.8 3245.5 998.4 11894.0

2011 3888.7 3345.9 3392.6 1017.8 12277.0

2012 4074.2 3458.7 3485.0 987.7 12777.0

2013 4306.7 3453.5 3627.6 1057.0 13262.0

2014 4454.4 3519.9 3876.8 1173.9 13902.0

2015 4706.7 3790.1 3817.5 1277.5 14524.0

2016 4943.1 3924.2 3960.5 1329.0 15037.0

2017 5224.5 4189.9 4104.5 1406.3 15961.0

2018 5582.7 4333.8 4348.1 14 48.2 16724.0

2019 5936.4 4575.2 4574.8 1567.5 17767.0

2020 6313.9 5070.3 5025.8 1614.7 19064.0
F2 FMAKREMSEGM(1,1)REBNZHE K x3 FARE-BPHENZEAFNZMHER
2EERAONER PN EEERAONER PN
Ay RKER Hh R PUES RAEE aE FEh Rl HhEe PEE ARAEE el
2003 3488.1 2785.6 2811.2 815.4 9182.6 2003 3806.1 2886.8 2830.7 861.7 10131.7
2004  3597.5 2870.4 2897.2 848.0 9554.9 2004  3843.0 2959.4 2933.7 853.1 10021.1
2005 3709.0 2957.2 2985.4 881.7 9942.3 2005 3878.6 3147.6 3226.2 902.4 10169.7
2006 3822.8 3046.2 3075.8 916.4 10345.3 2006  3964.7 3249.7 3249.1 981.6 10 341.6
2007 3938.9 3137.4 3168.5 952.3 10764.8 2007 4104.1 3281.7 3331.6 1047.0 10547.7
2008 4057.3 3230.9 3263.5 989.4 11201.2 2008 4207.5 3297.1 3473.6 1077.6 10806.5
2009 4282.1 3326.6 3502.5 1074.1 11307.0 2009 4205.4 3316.8 3489.1 1075.1 11148.1
2010 3642.4 3424.8 3186.5 876.6 11532.5 2010 4085.3 3319.4 3392.0 1030.5 11615.3
2011  3865.5 3525.4 3329.0 953.1 12116.8 2011 3914.5 3334.2 3401.7 971.4  12242.5
2012 4094.2 3458.7 3474.6 1031.4 12724.2 2012 4019.1 3377.9 3574.3 995.5  12989.3
2013 4328.6 3358.5 3623.7 1111.6 13355.9 2013  4336.1 3466.6 3731.8 1082.0 13684.2
2014 4568.8 3552.4 3776.1 1193.7 14012.7 2014  4519.7 3594.8 3839.8 1168.0 14198.7
2015 4815.1 3755.3 3932.0 1277.7 14695.7 2015 4697.1 3753.0 3926.5 1251.3 14673.7
2016  5067.6 3967.6 4091.5 1363.8 15405.8 2016 4952.0 3944.4 4016.9 1340.3 15232.5
2017 5326.4 4189.9 4254.7 1451.9 16144.3 2017 5247.7 4158.2 4158.7 1401.2 15870.2
2018 5591.7 4422.9 4421.6 1542.1 16912.1 2018 5584.3 4392.7 4389.8 1454.9 16 583.0
2019 5863.7 4667.1 4592.4 1634.5 17710.5 2019 5906.2 4637.7 4722.8 1523.6 17383.6
2020 6142.6 4923.3 4767.0 1729.1 18540.7 2020 6201.7 4894.9 5207.9 1611.7 18285.5
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&4 FHA Logistic BB Z XK £ EH x5 MAAEMNEETNZMREEE
ZRAONER PN ZWMAORER PN
EG RER R PAES RAEE 2l FEh Rl HhEe PE ARAEE el
2003 3548.0 2796.8 2725.0 801.5 9340.9 2003 3789.0 2886.1 2817.5 857.6 9458.2
2004 3591.5 2846.9 2800.5 824.4 9575.4 2004 3827.7 2958.7 2892.6 852.7 9954.9
2005 3639.9 2900.7 2878.8 848.7 9826.3 2005 3866.9 3146.3 3159.0 900.6 9976.0
2006 3693.8 2958.4 2960.0 874.6  10095.3 2006 3953.7 3248.3 3196.9 975.9  10344.8
2007 3753.9 3020.3 3044.3 902.4 10384.2 2007 4090.7 3138.4 3281.0 1038.7 10580.0
2008 3821.0 3087.1 3131.8 932.1 10695.5 2008 4194.2 3296.6 3411.2 1069.7 10865.1
2009 3896.1 3158.9 3222.7 963.8 11031.8 2009 4272.1 3326.6 3472.9 1074.2 11283.4
2010 3980.3 3236.5 3317.0 998.0 11396.0 2010 3979.3 3237.1 3224.6 1000.8 11603.0
2011  4075.1 3320.4 3415.1 1034.6 11792.0 2011 3871.3 3334.1 3396.3 1029.0 12223.8
2012 4181.9 3411.2 3517.0 1074.1 12223.7 2012 4092.3 3458.3 3490.3 998.7 12763.6
2013 4302.8 3509.7 3623.0 1116.7 12696.4 2013  4304.5 3466.9 3634.3 1084.6 13404.6
2014  4440.0 3616.7 3733.2 1162.7 13216.1 2014  4445.8 3552.7 3820.5 1167.5 14040.3
2015 4596.3 3733.3 3847.8 1212.5 13789.9 2015 4700.7 3755.3 3866.8 1275.4 14677.0
2016 4775.1 3860.5 3967.1 1266.5 14426.9 2016  4954.2 3944.6 3986.2 1342.4 15258.3
2017 4980.6 3999.5 4091.3 1325.3 15137.8 2017 5246.7 4189.7 4116.6 1405.7 15910.8
2018 5218.1 4152.0 4220.6 1389.2 15936.3 2018 5578.4 4392.9 4377.4 1449.1 16631.8
2019 5494.0 4319.6 4355.4 1459.1 16839.4 2019 5897.2 4637.9 4586.6 1533.5 17662.0
2020 5816.6 4504.3 4495.8 1535.5 17869.0 2020 6192.5 4923.1 5077.5 1605.0 18502.8
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N s PUFRHL X AE 20212023 4F 2 A8 MK 3 7F 20232030 4F 0 1 B 58 KR 1S K5 2218 1S K
P, H AR 2030 4RI FIEAA (8 039.1 7 A0 s ZR b b X 7E 20212030 4F f 2R F5F-Fa b K L 7E 2030
AEIR BN (2 114.4 T3 A . 3 F2 W, 30 [ DX 8] 1) 8 i A 28 o 2 5 S T 348 R, L v 7 3 b X ) 2 48 X 1
TEAR K 10 4E B8 KE FE IR F) 51,9 % . 1 ¥ Hs IX AL Ny 24.4%.

Fo J[EBFTMAITEMER

% 35 PEAY 1}2@—311 Ci R Logistic ] %%%1@15 EEE el IOWA
Ei= 48] £ AL HEL A1 GM(1,1) % TR 21 A T A Y

SSE 83775.57 1309 678.07 368897.61 39023.42

MAE 52.44 231.57 111.37 34.04

R MSE 16.08 63.58 33.74 10.97

MAPE/ % 1.23 5.04 2.60 0.77

MSPE/ % 0.39 1.35 0.82 0.24

SSE 91947.00 770649.82 252140.49 50482.20

MSE 16.85 48.77 27.90 12.48

rh R MAE 54.70 163.21 95.22 39.23

MAPE/ % 1.48 4.38 2.76 1.05

MSPE/ % 0.45 1.23 0.83 0.31

SSE 127 798.81 779704.29 245180.42 16 002.40

MSE 19.86 49.06 27.51 7.03

[l MAE 65.94 155.30 90.90 24.95

MAPE/ % 1.72 4.24 2.45 0.68

MSPE/ % 0.51 1.29 0.73 0.19

SSE 7106.32 122 819.25 78366.26 3092.64

MSE 4.68 19.47 15.55 3.09

AL #B MAE 14.47 71.82 55.2 9.48

MAPE/ % 1.28 6.36 4.83 0.83

MSPE/ % 0.41 1.75 1.36 0.26

SSE 1526 847.97 6644 002.00 1137352.17 624 426.09

MSE 68.65 143.20 59.25 43.90

4 [ MAE 232.00 546.56 202.37 137.60

MAPE/ % 1.74 3.95 1.60 1.02

MSPE/ % 0.49 0.97 0.48 0.30

£7 20212030 EAFHRAMEEZBAONEESTNLER DN

A AR Rt [RY AL ol

2021 6491.5 5191.8 5592.6 1694.9 19388.2

2022 6831.9 5385.1 5285.4 1795.7 20319.5

2023 7212.9 5612.3 5535.7 1839.3 21297.3

2024 7635.6 5807.4 7189.4 1901.8 22320.9

2025 8063.2 5977.6 7529.1 1934.6 23388.0

2026 8487.3 6121.4 7753.7 1964.0 24495.3

2027 8882.6 7112.1 7889.4 1996.5 25638.4

2028 9239.5 6329.5 7970.0 2030.9 26812.5

2029 9559.7 7893.2 8013.3 2066.2 28012.9

2030 9860.6 6457.3 8039.1 2114.4 29236.3
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