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Abstract

In 2019, there were more than 690 thousand people over 60 years old in Qinhuangdao, which ac-
counts for 23.12% of the total population and is higher than the national and provincial average
level. And the aging problem is very obvious. Based on the data of the elderly population over 60
years old and the total population in Qinhuangdao city from 2010 to 2019, using the grey GM(1,1)
model prediction methods, this paper forecasts the number of the elderly population over 60
years old and the aging coefficient in Qinhuangdao city from 2020 to 2030. The prediction results
show that the number of people over 60 years old in Qinhuangdao will increase year by year in the
next decade, and the aging coefficient will also continue to rise. Finally, this paper provides sug-
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gestions for relevant departments to formulate relevant policies after Qinhuangdao enters an ag-
ing society based on the prediction results.
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1. 5l

N FEE RS 2 TR R CL 8 AR £ 52 R B Kt SR il . o A D2 i b S5t 0%
RIBAEEVIRR, LN ET RGN FWD . S REFRHGM. FEFHRLE. BFRES
(EEAATE A

WA W — M kb T2 E RS, B AT ERS BRARAER, i 60 % UL EIZENDEE &iZihX
NFEEH T 10%, 5(65 %5 DL B4 N HEH Hizit X A H2EH K 7% [1].

KRG i B E 2= E X R T 1982 4E4EHH, Hurfi & Z MK G RGHEEZEHT 1 M.
1 AR GM(L )RR, SHABBAA L, GM(L 1)L fa fa, 7 A/ Bode B it T LA b T
MR, THBETKORGEAR G REFRE, SRR LS A RAGEE, BRSPS AR A
ORI S sEIEF GMA )AL, FEE 21K GMA )BT REAN DHBEM Rz P, #l 7
ok 10 FEREN D BH 2L, EHE[3]. ER[4]. BB 0H GMA, DA RRHE T JH ]
Wy BTN D RUBCEEAT T, H#BEUE T RAFHIRCR

A N KB ——I b 3 251, 2019 M AN 60 & &L B AN OEE A AH T 69.68
FIN, HHEIA 23.12%, w1 A EPE 2B KO 18.1%.  H R BB T R EAW N L, K&
W AAW AT R, oA RmE, Rk 25T A ZRLn S, Bk kR R ST
ZHENOHE, HEE BTN ZERIAE S 5 AH G 6 e M OCBUR RS S, IR ABITRE S
WiFRE Nk Fe A & ISR o AW IO ARIE 28 52 5 TN VAR K VA e R L, T8
T GM(L, 1) R AR SN 2% 5L 05 17 AR SRR A AR A
2. AOFMIRBIRE I ALER
2.1 BERESAE

M AR EGTHFE) H3Rk4E 2010~2019 FREL T ALK 60 %L E AN, tHHE&EH
2010~2019 %8 2 5T 2 W REIEHRE, Wk 1 PR,

FEFS. GM(L )RR 2 J, B5ETEENZE 2517 2010~2019 4E 60 % LA B FI# R K 2 b4k R 30
AT S, BRI EII gL, RFREFTI X O (1), =120, IREEHHAR
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Table 1. Statistical table of population aged over 60 and aging coefficient of Qinhuangdao city from 2010 to 2019
2 1.2010~2019 FHRER™ 60 R EAOFBHRURLS TR

A 60 % JBLE(N)  ZiARE(%) A 60 % JBLE(N)  ZiARE(%)

2010 403235 13.99 2015 590404 19.97

2011 456164 15.74 2016 608476 20.45

2012 500159 17.17 2017 641777 2151

2013 527168 18.01 2018 674177 22.47

2014 555306 18.82 2019 696756 23.12
22. HREESL

i 7 1 A5 2 517 2010~2019 4F 60 ¥ UL B N I E 41
x () — {X(O) ), x (@ (2),-, x (@ (n)}

= {403235,456164,500159, 527168, 555306, 590404, 608476, 641777, 674177,696756}

o X HEAT — Uk BN G B0t AR AT LU A G FE RS ), A5 B BN A
® (t)= ZX(O)(i),t =12,---,n
=
1 X0 = (X (2), XD (2),, X (n)} WA
X = {403235,859399,1359558, 1886726, 2442032, 3032436, 3640912, 4282689, 4956866, 5653622} «
GM(L, L) BRI K oy T R A TR R
XO(t)+az¥ (t)=u,

o, z% (k) 9 2ms X O R A A R, Z(l)(t)=—%(X(1)(t—1)+X(l)(t)),t:2,3,---,n, ay

KERHL RWUEIAIT S R R INT SN A S u RO, SRR R R [6]-

Ligw o)

_E(X @)+x¥(2) 1 X01(2)
Ly o) 0
wasiazan], 8- 20" @ X)X s s

X(O)(n)

witsta=[au] = (BTB)'1 BTY =[-0.05011,441467.95781] .
GM(L, 1) BB AN 2 ) AL R A :
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SRAA G 7 R IV AT A5 21 I 5] 9 152 o 5072 5109 -

X (t+1):(X(°) (1)

a

a

Uleat Y — 92137696%%1 _8810534,t =1,2,---,10 .

FANY, DAV 0% B 5117 2010-2019 R E AL RECNEIRIF A X O @K GM(L 1) B, R
(SENORTRIf RiCYSR

2.3 RERW

X ®(t+1) = 351.2493¢°** —337.259,t =1,2,-+-,10 .

AT FA W ST AR AR R A AT DA LS S g B TS A I, R X ST AR TR AT AR R R A
I8 o B FHEY GM(L, )RR TR B 46146 7 v R AH S 1R ZE A0 06 AN i3 36 ZE 460060
1) HXHRZR K

HIRHREMI AR, o(t)=

Table 2. Prediction value and relative error of Grey GM(1,1) model for elderly population
2 2. BFEAORE GM(L1)IRBTUNME R BITIRE

A YN T fE MR ZE F bR A T fE HAX R 22
2010 403235 403235 0 2015 590404 578502 0.0202
2011 456164 473435 0.0379 2016 608476 608227 0.0004
2012 500159 497762 0.0048 2017 641777 639480 0.0036
2013 527168 523338 0.0072 2018 674177 672339 0.0027
2014 555306 550229 0.0091 2019 696756 706886 0.0145

AR R RN D BRI AR ZE a0 2 s, T DA HR AR FESZ 1 GM(L, 1) A7
FHHZE T 60 % LA B DIBCRTIINME 5 SEPR(E IR ZE /N, AHRHR ZE 8/ T 5%, P 2R xR 22 1.004%,

LIRS HOR BT, RS LB, T 4 R T S PR o

AR H T O 2 A R BIIME AR IR Z IR 3. R 3 FalBLEH, MRESTZERLR

Table 3. Prediction value and relative error of Grey GM(1,1) model for aging coefficient
i< 3. ZW R GML )RR FUNE R BXHRE

b SPRE%)  PUNME©%)  AHXRE FEh SCPRAE%)  PUNME©%)  AHXRE
2010 13.99 13.99 0.0000 2015 19.97 19.56 0.0205
2011 15.74 16.31 0.0364 2016 20.45 20.47 0.0009
2012 17.17 17.07 0.0058 2017 21.51 21.42 0.0042
2013 18.01 17.86 0.0082 2018 22.47 22.41 0.0025
2014 18.82 18.69 0.0068 2019 23.12 23.45 0.0145
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SO GM(L VB H A 0 b R AT 1 5 SEBRIIRZ N, HIXHREZ N 5%, PRI i
% 0.908%, BT AROR AT, BUK e Bchs, BUIG: BT b aR.
2) FREKK:

X ()= XO T
Eﬁ?ﬂﬁ@%:g:Jz[ sl I

_2
YR ZE T B SZ:’/W’ ﬁitﬁéz%ze(t);

E%%wﬁ:c:%w
1

INEFEMAE: P =Plle(t)-€|<0.67458,] .
— ROk, THEARMERZAE C KEBVN, INREMEME P MERR, WIBRRE ML, Ak
PR ARG P S5 2 1) B AR K 7 B LTS 4

Table 4. GM(1,1) model test accuracy standard
= 4. GM(1L 1) RIS IS E FRX ShrE

TR 2R JE% 2 LA C ANEZE WAL P
s <0.35 >0.95
ok <0.50 >0.80
Vbl i <0.65 >0.70
ANEF >0.65 <0.70

FIF MATLAB #Hm] PATHFRE &R 2511 60 % L EANHEE GM(L, )R (1) 5 365 Lb 2=
C=0.0003<035, /NRZEMEEP=1>0.095; %2 5HZRMLRE GM(L1)H 1 J5 5% 1E btk 2=
C=0.0002<0.35, /MEZEMF(EP=1>0.005, %M GM(L, 1)K, &R b, UiBA @S2 w4
PRV TN o tE, AR TR &5 ST (5 B g, ) DU X MR X 28 52 08 T AR R 4R N VU Je 2 0
1 R EEAT T .

2.4, TMEER

BT B RS GM(L, )RR, W LTI Y 2020~2030 % 2 517 60 % L N UL R

B, NS R 5 frs, BT ES B E 1. K2 Bras.

Table 5. Prediction of population aged over 60 and aging coefficient in Qinhuangdao from 2020 to 2030
2 5.2020~2030 FREH™ 60 5 XA EAOKEFRZILRETON

Ay 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

P
60 5%‘%}}\[3 743208 781397 821547 863761 908144 954808 1003869 1055451 1109684 1166703 1226653

IEA %
%m(ijg)/%%z 2454 2568  26.88 28.12 29.43 3080 3223 3372 3529 36.93 38.65
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Figure 1. Forecast trend of GM(1,1) model for elderly population in Qinhua-

ngdao from 2010 to 2030
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Figure 2. Forecast trend of GM(1,1) model for aging coefficient in Qinhua-

ngdao from 2010 to 2030
2.2010~2030 FHREBEBHR LAY GM(L, 1)EBTNIEH E

3. &t 5N

A SRR 2010~2019 4FZ 25 MR AT A& 60 % LA E N O TR 25 60 % UL D E A
LR GM(L, DR, FEXTZR B BT 2020~2030 £E 2R N B S A0 R BGEAT T T, R
XoF T B BRI, AR A IR I8 ZE A G, 49 BB RS B e, B SR ] SE A
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AEEMEE R . GM(L,L) TR Y o] DL ANH 2 R G AR AR AT Bh A RF A5 B, IR ) GM(L,1) Tl
DURRL P T 25 SR vT LA 2 B 5 T AR SR T IR R AR 22 A0 4

HRAE 32 GM(L 1) BRI TR 45 AT LA H, 3] 2030 4EZ= 2 515 60 % DAL \24E A I 30E M 2010
I 40.32 T NIRRT 122.66 71N, ZRALRETE £ M 2010 “E1) 13.99% 1 E G K 2 1 38.65%. i1y H.
ARk 10 Fh 2L RECKHZ B, BRI, 2R H IR 2 EUR I e Mg SR
R RE . ATRIORENRZ B[7], FTEA, BATROZEMNZ 2 5T 8k 8, SEiA A R
A IR E R R L, AR R DR 2 8 A 7 A PR b o ]

1) AR EHTE, EU@etsfmenhi.

ZHENOH@MEZ, ZETERS HETEHENE. Nilt—PRIZEET TAERS KT, AL
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