Advances in Applied Mathematics M FH$UZHERE, 2022, 11(11), 8231-8236 Hans )0
Published Online November 2022 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2022.1111871

L& A O Z iR LT 534

£ ®
Fig TRESARRY:, L

Wk HiA: 20224F10H23H; S HEM: 2022411 H18H; &4 HiH: 20224F11H29H

B E

EER, W ANOZBRILEEHERE, 2EANOREREEN, EMH BRERILX—RBEER/ITAN
BE, BOEREGM, )R, BBULTEA2013EE20194E65%5 DL EA O REEE, RAIARRNZE
FANOHE. ERER, F2021FE 22025580, IWABRKNBEABEREN, RROFEHEHRTZR,
eI 40!

KETW, GM(1, DERL, ANOZB, TS5

Analysis of Population Ageing Projections in
Shanxi Province

Jie Pei

Shanghai University of Engineering Science, Shanghai

Received: Oct. 23", 2022; accepted: Nov. 18", 2022; published: Nov. 29", 2022

Abstract

In recent years, population ageing in Shanxi Province has become increasingly prominent and the
number of elderly people has increased rapidly, making it particularly important to pay attention
to and address this issue of ageing. By building a grey GM(1, 1) model, data on the population aged
65 or above in Shanxi Province from 2013 to 2019 were selected to predict the number of elderly
people in the future. The results show that the number of elderly people in Shanxi Province will
increase between 2021 and 2025, and the future situation of old age will be severe.
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NEER G AP S h R G EEAER], thadr . RIS N DBEEVIMC. Ziikit
iR 2 ANE SN DA AL Bk B a0 — e el g N DB AREEICS [ bR, n R — X
A T%IINDFE 65 UL L, w2ttt =[1].

I 2015~2020 4 QLTHE ERZGF ARG AHRD) BT LA N, B ILPEE REZ R
JEM 2000 FFAERT2E 2 f5, WKZENDILEZRESE. £ TILHERZRAN DL, T/
P N DR 3 e LT Re P i Ak 2 it Ja R AR F EE 1, @ 7L e M DBUR R i
%, AT DO PG48 AR 2 50 R e 7 SR — B AL, B A B TR R L v AR B 25,
FFELHT AT EE I T 5 T et N R

2. ERMREREE

R HATATEAN O 2 PSR R I B, N R S5 M A P15+ L2 R 22 5% R AT 1 22 B2
WaAE 2 NBCRE R, REM A SRR R AR, 7738 G BT DR R £E T 2 22 5\ 77 3K J7 T AH
b fE . PRIk, TR S AN X N 8 A R IO IBURF S SR SR A M5 5, X [ RAE B E 2,
H 21 thapiblok, —Leh @A R — B RS ZRL I, B R0 70R g Y b BN F185 #4455 T 0 A8
b, FEHE AR R A . M E . XIBRQ021)E MRS F E SR 2011~2019 FE%dE,
GM(1, DBEAITRI A E 2 ks, B3] 2025 FIREKG SN RE Z A2, 32030 4, KEA
R B A 22[2]. 2530 2020)7EHE IR N D Z BRI 3ERE 1, 257 GM(1, DRI o E A M
BT, RILEATRE AN O ZEA ™ E, A RERI R EF3]. ZEhES. 1 71(2019) 2 T48
ANRN A RHAE, Pl T 2010 2 2060 - EHEF RN DBENLN, SRER, PTEHEFEE
e DB AR K Sy, TR I 2 2 R AL 2 R Rr e (4], BRIGED. XI7H#(2018)5%
ANFRATFIA 1994 422 2010 4F (147 E FFEFIPER I FE T 2R H3R #7 7 ARIMA TR, 1534 2015 £ 5
2050 4 [a] o EVRR i AR AT VE RN B TN AR AF 22, 45 oR, 1E 2015 4% 2050 4 E], o ERE NS
RPN, AR B E, ZEZHEAND GRS H4h, 80 5 KUl sl EE ANEZFENBEF
(10 Ll R 488 i 8 5]

FRE A FEN G g v B N 288 AL n) AT 1 2 RIS, IR AR A BEAR T BOR ,
(BB LT BN FLE AR T B/l o FEUREERE I, ASCHRHE 2013 4228 2019 4R 1A Z 4 A 14T
5, FIH GM(1, DEEALGE 2022 42 2025 £ ILTEE 65 % K UL B R 3ET 7 350, Sl i S #ri i
TAHRLBIRE SR, X T LG A N 122 A 1) RN [X 3 28 5% e e k4 4 H) 1R R B A B S BB AN (E A
R X[6].

3. AOZ#HATUNE GMQ, NI
3.1. GM(1, 1){&E R B A A I8

KETMEIE LY, BR LRGN RBARF, BIRER, HEIRAEHAHR, G4, 218
— MR GM(1, DGR R T AR G BEAR A R, B ROy 1 B A A o ) Bodfe 2t
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FOHT, EEMATF A KRR, S EERT . 78 GM(1, DB X (k) +az" (k)= b, #E RS,
DA T P B TR B0 e 1R P75, B X (k+1)=( (1)—b/a) “*4bla, k=1,23,,n. TP

TR TEY 65 % B UL A CSCREATEIN, Forb M R PR ISR, m R L
LA AT
P AR M = (i (1), (2).--m® () MO MO 1—AGO FF31;

PE B B AR A 5 51«
M :(m(l)(l),m(l)(2)’...’,”(1)(,1)), M(l)(k)=2f: m((’)(i), k=1,23,-,n; ZVH MY,

70 =(29(2),20(3),+, 2" (n)) . Herb 20 (k) = 0.5(m" (k) m" (k+1)) 5 k=123, 4
GM(1, DFER AT AN :
x® (k) +az (k) =b

A LA H :

GM(1, DB m® (k) +az" (K)=b, Hib, a=[a,b]' =(B"B) B'Y.

I EL IS WaR m(l)(k+l):(m (1)—b/a)e_“b+ba , k=1,2,3,---,n

2Ot it m” (k+1)=m" (k+1)-m" (k) k=1,2,3,n [7]-

ARA, —a, bAMFRRBERE. KOMERAE. Mi-a AR VR XOMRRES.
3.2. GM(1, DIERIRERE

MR GM(1, DA, (ST EE SR, AT DARRIEN L P64 65 %2 K L BN Bt . GM(, 1)
R U Rl M A R T — B EIR2%E C FI/MRZEREER POREEG V& K (R (R A A 55
FERE, PIULREXT GM(1, DERRRE FLEAT IR I A0 I 2RI 75 B0 v SR 22 7 41 5 A R ik 72
R, MR R B nT A5 B RN SR I e KA, B KB/ T 0.01 I, AT A 2 (400 & RCR AL
4. GM(1, DEBRSTIER I A S 4
4.1. YERFRESRBE

GM(1, DIFEAYHHER H 2013~2019 F ML TEE SIS, X 65 % UL &4 N DR BB TS,
n 1 pos.

Table 1. Population statistics of Shanxi Province 2010~2019
% 1.2010~2019 WA AO %It

F4 BEABDC) 65 % & LA EADEE () Bt o Hesil
2013 3629.80 303.81 8.37
2014 3647.96 316.64 8.68
2015 3664.12 333.43 9.10
2016 3681.64 349.39 9.49
2017 3702.35 368.38 9.95
2018 3718.34 386.71 10.40
2019 3729.22 409.10 10.97
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GM(1, DEERIA R KR AT st G R e P EAR IR AFEARRILEE R, 2B AR 1L 7Y
& 65 % [ UL N AR ) BB I ok AR 5

M) =(303.81,316.64,333.43,349.39,368.38,386.71,409.10) , My M) 1-AGO 51[7], T MO34f
PRI 2 = (462.13,787.17,1128.58,1487.46,1865.01,2262.91) . GM(1, 1)K [y [ 37 5 Ay
m" (k+1)=14919¢""* +14586 , k=1,2,--,n, 3 m" =(333.41,669.51,1013.2,1364.6,1723.9) . {E RIkiL

5
5, 13 m© ={m(0)} — (333.41,336.1,343.67,351.41,359.33) .
2

4.2. YA OZBRULEHSHERR

NPRIE GM(1, DRI ZI0 A T FE v B HERA 1% S A e, — AR AR ZE MR MR ZE (R T RE /D,
2 Won T GM(1, BB EE 70t i HERR

Table 2. Description of grey fuzzy evaluation prediction accuracy levels

%= 2. IREEMITFN TS E F R R

US&vE (=07 o =xs FhEREHE etk
NREREE P >0.95 >0.85 >0.7 <0.70
¥zl C <0.34 <0.5 <0.66 >0.64
HXTHRZE <0.01 <0.05 <0.1 >0.20

GM(1, DB m® (k+1)=14919¢°2% 114586 , k=1,2,--,n, NI GM(1, DR FHERIME, (RIF
BAERG CLNRILTEE 65 % K UL EA DR SRR TR, a5
m'” =(303.81,316.64,333.43,349.39,368.38,386.71,400.10) , T BAI 51 Ky

m'” = {m(")}5 (333.41,336.1,343.67,351.41,359.33)

) =
4.2.1. PEERHERE S EIRENA
522751 &) = (0,174.08,164.06,148.17,129.32,102.70,71.68,35.84) :  HIXT %% 51
A =(0,0.52208,0.46956,0.40222,0.33441,0.25103,0.20109) .

TIGRIR B 2 B2 A = leAi =0.00398 =0.098% < 0.01 , AL
n

4.2.2. IMNREBEANA
0.6745S,=7.342, gl—g— =0.096, 2—s— =1.426, 3—s— =2.544, gd—g— =1.526, e5—&— =

0.504, Frbhm = (s —£-0.67455,) =10.95 , MEEEI NI

4.2.3. RELARW

9T R E AR R BN ) AT S, Sl AR IR SR AT AR b, BT 2013 4R 2019 4R HE
AT HEEAG I o ARG e ) B R, HEAT AR TR, SR AT L UG A R e N D R B B 2 L
A9 (k) = (0.959,0.950,0.954,0.948,0.953,0.945) , & iR A3, K KXt 87 A 8 7 b 45 S B4 5
A0 (kye[e et ], W AR IEIT, SR IEAE KA AL GM(1, 1B 0 0 25 1 o

4.2.4. ESH
GM(1, DEARLE 7 20K, BT 7RG R, BRI GM(1, DBR ] DURIR I (L 75 45 ) &
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FEANA. 18 m" (k+1)=14919¢"* 114586, k=1,2,-,n5 Hm” (k+1)=m" (k+1)-m" (k) ,
k=1,2,---,n o WG EABEAT £ BOIRAE, 72 3 2 7E4 2022~2025 FEHIN HZEAL TN .

Table 3. Ageing population development and projections, 2022~2025
= 3.2022~2025 FZ K AO KRR

F4 65 2 KU EZENOHCD) 65 % &L EZEANOHETUECT)
2013 303.81 303.81
2014 316.64 446.37
2015 333.43 615.74
2016 349.39 816.96
2017 368.38 1056.02
2018 386.71 1340.03
2019 409.10 1677.45
2020 2078.32
2021 2554.57
2022 3120.38
2023 3792.59
2024 4591.20
2025 5539.98

4.3. STIEER D

%3N, WPEAREENDRZ, mHEARIEM. 2019 4, LPHEEENTIER 409.1 A, 5
BN 10.97%. L@ Lt 8, @i LR D LA S5 5 nT LUE H, 2019 R 2 511
6 £, WTHEZENDMEEBEZEER N, JFH FEGEERY, FE, NOZBATIHE 72 i s,
FEL57 ) 77 1 R DA R [y (R Ag ¥ B 5 TR Il A o K 77, 3K 1L P 48 I 850 K R At 2 i e e A —
SERMA8]. WM E 2, WM A DIEEZR#HiE 1 SaEACEFHL, LA D Z 8RR,

FIRF, T GM(>1, DRI, S BaEir ST, TN RBRR2E . 5k 2 AT iR 2 L

% 4,

Table 4. Predicted simulation residuals and residuals based on the GM(1, 1) model

= 4. FUNERBIFREFIET GM(1, DIERIGRE

F4 ZENOEH) ez HEXsRE

2020 2078.323045 148.1699256 0.522080929
2021 2554.57403 129.3214827 0.469559113
2022 3120.381664 102.6977073 0.402220331
2023 3792.586633 71.68059599 0.334414633
2024 4591.196433 35.84029799 0.251033261
2025 5539.980868 61.13251435 0.201092974

MZE 4 L RRE, P IRZEN 0.100546487, FEAIM A AN, TR R . i,
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