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Abstract
Based on the demographic data of Guangdong Province from 2000 to 2022, the article uses the
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combined weight coefficient method to construct a metabolic GM(1, 1)-ARIMA model to forecast
its future demographic changes. In order to make up for the disadvantages of the ARIMA model
with high sample requirement and fitting more reflective of a linear trend, and to overcome the
inoperability of traditional grey prediction in medium and long-term prediction and the problem
of prediction deviation caused by exponential explosive growth, firstly, the combined prediction
model based on metabolism GM(1, 1)-ARIMA was constructed by using the method of least squares,
MAPE and combined weight coefficients, and then, the three models of TIC, MAPE and RMSE were
introduced to assess the accuracy of different combinatorial models, and finally the combinatorial
model constructed using the combined weight coefficient method was selected for fitting predic-
tion. The prediction results show that the combined model is 0.32% more accurate than the single
model, which is of reference value. It also shows that the age structure of Guangdong’s population
is relatively young, but it has entered the initial oligocephalic society, and will inevitably enter the
deep aging and super-aging society in the future on a large scale and at a high speed, which needs
to be paid great attention to.
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Figure 1. Changes in the population aged 65 and over in Guangdong Province, 2010~2022
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Figure 2. Population structure of Guangdong Province in 2020 (Seventh Population Census)
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Table 2. Population structure of Guangdong Province, 2010~2022
= 2.2010~2022 IR E A OGS EIE

FEh 65 % KUl b (FAN) i 15~64 % (JiN\) i b YN =4
2010 709 6.79% 7963 76.33% 8.90%
2011 731 6.80% 8207 76.30% 8.91%
2012 773 7.00% 8502 77.00% 9.09%
2020 1081 8.58% 9145 72.57% 11.82%
2021 1157 9.12% 9151 72.15% 12.64%

4, RETRMIRE N AR
4.1. ARIMA =8 A O Tm

R %4 2000~2022 4F 65 % B UL Hds 2N i e B O P 3)aT %, Jah %idis B B 2 s K
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F (K] 3)AT 401, % FF B FEA I SefE O T - T iksh, xFHBEHT ADF K, I s 45 i 3 s, P
H/NT 05, BB TAEFHMEFET A i — DT O SR IR v %7 5 PR dE g A= 551, wl
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Figure 3. Raw data (left) and first order difference (right) timing diagrams
E 3. RIGHIR(E)F—MES ) FE

Table 3. ADF inspection structure
5% 3. ADF RIGHER

eyt i Rho Pr < Rho
0 —15.4262 0.0020
Zero Mean 1 —8.4780 0.0310
2 -11.9712 0.0077
0 —22.1542 0.0005
Single Mean 1 —22.5332 0.0003
2 1293.665 0.9999
0 —22.1346 0.0050
Trend 1 —22.7371 0.0031
2 702.4104 0.9999
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M IR 45 R AT EI (W42 5), BB & S8 p (/T 0.05 WS HLRE, RAHISL ARIMA (0, 1, 1)1 y:

Table 4. Minimum information standard (MIS)

F 4. BOMERAEN

F A AlC BIC
ARIMA (1, 1, 0) 223.1781 225.2671
ARIMA (0, 1, 1) 223.134 225.223
ARIMA (1,1, 1) 223.3796 226.5132
ARIMA (0, 1, 2) 223.9027 226.0362
ARIMA (1, 1, 2) 224.8555 229.0336
Table 5. Parameter estimation
< 5. B¥HIT
i/ IS HUS T
ZH flith PRt iRz T Bl Pr >t i 5
MU 29.98539 8.90756 3.37 0.0032 0
MA1, 1 0.13688 0.22942 1.60 0.0378 1

(1-B)g(t)="29.98539 +(1-0.13688B) ¢,

(11)

e, TR AT S A AW R A 2, X ARIMAQ0, 1, 1) ZE AT AERE LI
KaIG, REs R P EHRT 0.05, UM ARINLIEIRZE, BAESIRBGE Y, BB TN 45 51 W

#* 6,

Table 6. Individual model predicted fitted values

6. BUHEBETIMAE

Ay IR ARIMA #l & 18 AR GM BLAE
2001 544.21 553.6353928 564.4606

2002 563.61 575.4855398 585.727

2003 592.23 595.2209157 607.7946

2020 1081.3 1150.171925 1139.7348

2021 1157.3 1120.712577 1182.675

2022 1214.4 1182.018373 1227.2329
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1 TR P

RMSE TIC MAPE
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ARIMA(0,1,1) #FREARHIGM(1,1) ARIMA(0,1,1) FiRfR#Etem(1,1) ARIMA(0,1,1)  FiFRrfRiem(1,1)
Figure 4. Comparison of individual model accuracy
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FIF B/ 34 ARIMA BERL I TRINELAE Ay @, (), BTRRARET GM (1, 1)BIR TN EAE N o, (1) » AR
i~ (4), FIF spss HEAT RN e, 13RI R4 B, =0.466 , B, =0.543, MIFET H/h—
LML A AL

o™ (t)=0.466¢, (t)+0.543p, (1) (12)

FIFHF B 26%8 B 40 1% 2 MAPE Al 41, d,=4.70% , d,=3.25%, RIEAR(7)ATE o =05912,

a, =0.4088, NIEET MAPE VA £ (140 A AL
9® (1) =0.5912¢, (t)+0.4088¢, (t) (13)

AR I SR AR PR A S AR AR R R AT R 4 T SO B R O AL A B R A 3R (9) AT 43 4, = 0.5538

A, =0.4462 , WEET2H A BE RE @ A A AN
¢ (t) = 0.5538¢, (t)+0.4462¢, (1) (14)
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Table 7. Combined model predictions
F 7. HEARBTNGER

B CIRAA AR MAPE 4 &7 A B L A A

A b fE
W& B R % WEE PR R 2 WEE B R 22

2001 544 564.50 -20.29 558.06 ~13.85 558.47 ~14.26
2002 564 586.23 ~22.62 579.67 ~16.06 580.05 ~16.44
2003 592 607.41 -15.18 600.36 -8.13 600.83 ~8.60
2020 1081 1154.86 ~73.56 1145.91 ~64.61 1145.52 ~64.22
2021 1157 1164.44 ~7.44 1146.04 10.96 1148.36 8.64
2022 1214 1203.41 10.59 120051 13.49 1217.21 -3.21

RN 7 & H A S SEERE ) P A AR ZE AT X B e AN SRR, R TRk
AR TR X 7 A PR A AR B K, IS SE PR ZZ ks AL AU R AU 5 MAPE FRIN A (1 24
EARAALARL, (HA G ERBCRIUVE A, R0 T 1R 22 6 A J9) 46 4y B S5k U R P9I ZRE PR 00 DR 22 /N
LREKRE, AP EIH A TR LR R 72 A8 E k5 T 128 52 77 Th AR I £, 5 LR A P AL iR 22
AR L e 2k 5 B 2% T AR B/ N (ALK 5), FE 0 B8E 1 R A A S A R AT M TN J » SREUBL R EE /) FC IR 7
20T LU AR e B ) TR FE 46 i
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Figure 5. Comparison of errors of different combination models
5. FREILAAEBRIRENLL

R =R A o8 E15 SRR PR 8 55 (9 S i (ML 2% 8): AL BT Ff o (O 21 6 IS AR 22 0 T 8
—AEH SR, AT B R AT S . AR 2 G AR Y FOURG R AR T e
PR — RIS, TS 25 i 20 0.32%. IZTRINHE AT ) AR N LB A R e TR 2%
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Table 8. Combined model evaluation comparison
= 8. HEEEITMTEE

PR R AL /N ARG R MAPE 41 5157 EREp VN Y e
TiC 2.3210% 2.2911% 2.2890%
MAPE 3.7600% 3.6600% 3.6100%
RMSE 40.03482097 39.62584825 39.46566296

4.33. HAWMELSERTN 24

AT SCRT A, M AL A B IR R AL A AR R 738 N T e A T () b A A P e . AR SO
UERER, 3L 2000~2022 4F) 4R8N S5 R BAE TR R 8 4R I N D SR E B0, 45 BT 45 SR i~
(#9)»

Table 9. Projections of the population structure of Guangdong Province in the next eight years

9. ARk 8 FIHEAOLETMIER

BAL: A 0~14 ¥ 15~64 % 65 % KLl |
e YNINE) 3 A7 e 1=

R A N b N = N S ACEY
2023 127166 2368.7 18.63% 9076.7 71.38%  1271.2  10.00% 14.01% 40.10%
2024 127555 2380.4 18.66%  9059.1 71.02% 13159  10.32% 14.53% 40.80%
2025 128383 2427.8 18.91%  9048.2 70.48% 13622 10.61% 15.06% 41.89%
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2028 13103.4 25516 19.47% 90348 68.95% 1516.8 11.58% 16.79% 45.03%
2029 13229.1 2620.7 19.81%  9033.2 68.28% 15751  11.91% 17.44% 46.45%
2030 133616 26905 20.14% 90322 67.60% 1638.7 12.26% 18.14% 47.93%
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