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Abstract

The population and the total elderly population of Shandong Province in 2021 and 2030 are pre-
dicted by using the grey system theory’s GM prediction model. The grey correlation degree and prin-
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cipal component analysis are used to analyze the main influencing factors of Shandong population
aging, in order to provide a basis for various functional departments of Shandong provincial gov-
ernment to formulate relevant policies. Between 2021 and 2030, the number of people over 65 in
Shandong Province will increase year by year, and the rate of increase will be very fast. The number
of elderly population in 2030 will be double than that in 2020. The factors that have a great impact
on the degree of population aging in Shandong Province are the number of health technicians and
per capita GDP; The article proposes countermeasures to cope with the aging of the population in
Shandong Province, such as promoting the optimization and reform of the old-age service industry,
increasing the training of professional and technical personnel, optimizing the population structure
and developing the elderly human resources market.
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1. 518

21 28RN O ZRAL IR, A D Z T8 8 A O RE R N DR . 4F KN D B 1 b
SHERZENER N DR R K sh AT . RIE SR A DS &L R SR, HATfE 60 2 KLl
FANON264 1N, HEANDR 18.70%, Hr, 65 %L EEZEANDN 192N, HE ALK 13.50%,
XU IR E SN P Z AL B A S S T KBTI GM(L, )RR TN 2025 4EZ 45 N DAk iA 2
2312, LLEILF] 16.1%, BNIREZRALHS; 2030 it N 2.9 12, WE AN 20.35%, HENBHEZRL
FE2[1]e IXFRES ] EAIFRRE E RSN D Z RS RS R T R R K T IR FEL, KRB
TR R E ST PR R, B0 A0 A 8 4 ) R R A 3 1 A LA e

ARE RREERMX G — NS, RELHNEFSAORE. BLRANEEER, LWRY
65 % UL E N9 1536.4 Fi N, 2054 EEF N 8%, 5 2010 4EAHELIE N T 588 5 A\ 50~59 % 4%
WA 1691 1N, TR KR IR G KA RKENKICE NZETH, N DZRALFEEE K — 2 g
ARSCHRHE (L AR I 2% 11 AR N B v N VR (L TR A, F0 2021~2030 AR 1L AR S A5 65 %
DL EZFENOSE, HSHKERPSNT ER 0 i m il 28 AN O 2R R EEE, LA
ML AR BURE % BRAE SR T 1) A R BUR TR B -

2. £F ke GM(L, 1) AOFUER A S
2.1. WIRBR

AICHHER A TIIARE GRS, kg 2010 423 2020 FE&AFER A HLEEL 65 2 DL ERA LU
LI R B E , A K B GM(L, )RR FUIN AR K 10 4N 1L R4 S N TR 65 %5 DL N s B i A8t a3

IRETIN AR AZ o A RS RY 3 B SRR R SR B8 4 B30 AR Ol A PR B, AR Be Rl b B4k
W TTRE,  IRE SR AR DT AR AR 45 R AT T . R o T RER A2 R A, Tk, i
HEEH S TR, SAEHT AT, A ™ i A ar S T [2]. GM(L, L)REAY ) HE A5
HAHE AW

1) AR X ©) = (X7 (2),40)(2),++,x (), 0 AREH n AU
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2.2. BIEALTE

% 1 RILZR4 2010~2020 4FE A H & 65 2 DL EREAE N BRI 0L, 2010 FF3#E 0 N HE A 440,
2020 FARYE LIRS AR R AR SN D, 2N DHON S EN DS H TR LLZ R RS 1%
HE 3R GM(L, )RR i L3, 257 2021~2030 4F s A TR AR R =245 N VB TR A, 50
RAARK 10 FHENCHEA 65 5 LA EN DHERIFL . 4558 W% 2,

He 1 AFRE RN DR AN 65 % DL I HET GM(L, 1) R, 1 34T 2% EU AR K 50 4 W s e
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Table 1. Data of total population and elderly population over 65 years old in Shandong Province from 2010 to 2020
F= 1.2010~2020 FILFRERAOE 65 S UL EHZFAOKREERL

FE 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

UNEIEY TN 9579 9665 9708 9746 9808 9866 9973 10033 10077 10106 10165
TZENOHUTIN 94832 966.5  1009.63 1072.06 1137.72 1203.65 1316.43 1404.62 1511.55 1596.74 1534.91
LA R EL 9.9 10 10.4 11 11.6 12.2 13.2 14 15 15.8 15.1

Table 2. Forecast of the total population and the elderly population over 65 years old

F2. BAO5 65 SAEMZFEAOTNER

ZHEANN BAO

by PR FE %22 9 LA % W7 MR BR % SERITES
2010 0 0.00% - 0 0.00% -
2011 -1.756 0.18% -0.04 13.316 0.14% 0.003
2012 -16.61 1.65% -0.015 -1.202 0.01% -0.002
2013 ~15.636 1.46% 0.002 —21.062 0.22% -0.002
2014 -15.113 1.33% 0.001 ~17.268 0.18% 0
2015 -18.221 1.51% —0.002 -17.82 0.18% 0
2016 21.388 1.63% 0.031 30.278 0.30% 0.005
2017 32.024 2.28% 0.007 31.026 0.31% 0
2018 56.756 3.76% 0.015 15.42 0.15% -0.002
2019 54.825 3.43% -0.003 -15.54 0.15% —0.003
2020 —99.342 6.47% -0.103 -16.858 0.17% 0

EHLA 11 2010~2020 4F 8N FEE, 453150 R 51
27 =(2%0). 2 (2),-++ 4 (12)) = (9579,9665,9708, 9746, 9808, 9866, 9973,10033,10077,10106,10165)

XHRIGEARHEAT — RN, AR R MRS

(9579, 19244, 28952, 38698, 48506, 58372, 68345, 78378, 88455, 98561, 108726)
IS ST TR RIS HUE, RIFRIE R o =-0.005941682 , Kt AEF & B = 9566.123179
FHRZE GM(L, 1) TR ALy -
2" (x+1) = 1619581.435e° 4152 _1610002.435
Wl 17 65 % LA E N B N E R, 152 80dE 751
2= (2" (0.2%(2) 2% (1))
= (948.32,966.5,1009.63,1072.06,1137.72,1203.65,1316.43,1404.62,1511.55,1596.74,1534.91)

HR 48 HH [H] JR B o = 005816045, 3 =885.2171187
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HIREHT GM(L, DT 5 (x+1) =16168.57912e* 8155 _15220.25916
B 3 FIE 1, [ 2w, 2012 AR E N I ECE T AR 1R 22 00 0.012%, st A P35 Bt A
RN 0.18%, FHEN L TFHBAHRHRZE AN 2.37%. F4 N L TR A AR 2 i KE 0.065 < 0.1, FH
RERCRIE R TR ER . BRI mZEE, /DT 0.2 ULHE R ZER, /T 0.1 D36 I A 2 i 2
R, AN TR 7R 2 S 25 B KA 0.031 < 0.1, BEAULARCRIA R m B R . AN EIFNAS AR o)

RZEHAKE 0,003 < 0.1, AL 22 i KAH 0.005 < 0.1, ARG ROERIA B = 2K

Rt DRI I RAARRE B, XTSRS S S IR ZE b C EAVIME R R ZE PE. — K
P, 4 P>095 C<O0.350, WA NI, 4P >08, C<O05h, HWANESRE NEK. ZEAND
TR C = 0.0325, /NMEZEMER P =1, & ADTARE 2 C{E4 0.009 < 0.35, /NMEZEMEE p

64 1>0.95, BADRGEIRGT

Table 3. Error analysis of the actual and predicted values of the elderly population and the total population

F# 3 ZEADBESEADRELMESTNERIRES

ZEND BN
oy Bk AETHR 22 R L 2= k2= X 2 L 2=
2010 0 0.00% - 0 0.00% -
2011 —1.756 0.18% -0.04 13.316 0.14% 0.003
2012 -16.61 1.65% —-0.015 -1.202 0.01% —-0.002
2013 —15.636 1.46% 0.002 —21.062 0.22% —-0.002
2014 -15.113 1.33% 0.001 —-17.268 0.18% 0
2015 -18.221 1.51% -0.002 -17.82 0.18% 0
2016 21.388 1.63% 0.031 30.278 0.30% 0.005
2017 32.024 2.28% 0.007 31.026 0.31% 0
2018 56.756 3.76% 0.015 15.42 0.15% —0.002
2019 54.825 3.43% —-0.003 —-15.54 0.15% —-0.003
2020 -99.342 6.47% -0.103 —-16.858 0.17% 0
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Figure 1. GM(1, 1) forecasting model fitting of total population in Shandong Province
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Figure 2. Fitting of GM (1, 1) forecasting model for the number of elderly population
B 2. Z# AOHE GM(L, 1)FUNERI & 1ER

3. ETREXKEMERDTIPAOZRUCEWERSH

A KRN TE 0 2% R AR R T A, A SO H2 R = ZERe e I 3R VAR Tk A FREE
oA, HasrEdEl., SFEEKTF S ANO4i0. M 2010 4~2020 £ (ILESHEL) kit
11 MNEFRE TR (O R BE R (L2 4). K 2010~2020 4 KT 65 6 A LI ELIEHR/E NS H 5 X, B2
B (fern). JERASE RS OT) RAENRE(N). 0~14 2 LLEI(%). S AR IR AZ (T N).
NEFEENFE A R) PAERBREHALIT). MR (%) A% GDP(T). FKHERE . PARAN R¥(
N)IX 1L AR BN T, 3348 X Xor Xas o5 Xygo FRHEIK EASHR B3 IR (0 BRI HT o

. Original data on the influencing factors of aging

4. BiRUEME RN RIGHKE

4y X1 Xz X3 X4 Xs Xs X7 Xg X X10 X1
2010 770.45 4472 16,496 15.7 1773 610 1345.3 102.3 35,599 426,071 441
2011 1047.9 5489 68,275 15.7 1907.1 613 1648.65 102 40,581 443,331 48.2
2012 1311.8 6304 68,340 16.1 2063.2 616 1928.88  101.4 44,348 479,100 53
2013 1399.69 6877 75,475 16.1 2259.6 619 224597  101.2 48,673 494,570 59
2014 1461.05 7962 77,066 16.4 2370.2 620 2484.16  101.1 51,933 514,423 60.4
2015 1690.62 8748 77,435 16.6 2477.5 624 284496 1021 56,205 550,230 61.9
2016 1825.99 9519 77,050 16.4 2576.4 630 3354.7 102.8 59,239 361,471 64.3
2017 1890 10,342 97,099 17.2 2660.9 634 3570.82  102.7 62,993 357,803 68.9
2018 2006.5 11,270 81,512 18.1 2762.7 636 4140.82  100.8 66,284 371,738 73.9
2019 2156.14 12,309 83,661 18 2868 637 4284.04 99.2 69,901 374,309 78.3
2020 2283.84 12,660 84,870 18.8 3046.3 643 4261.9 102.7 72,151 376,378 81.4

IR TR0 PR -

1) xR IEAT e R AL B
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2) IHRKAY, REABFRIIEZHHSI X MAHRIEEL . BARKABULA 3.

~ min mkin|x0 (k)-x (k)|+pm=’:1x m‘falx|x0 (k)=x, (k)|

(k)= 1)
' |x0(k)—xi(k)|+pmiaxml§x|xo(k)—xi(k)|
T p WHERE, RERIH SRR AHERRGERIRE, p —KI 0.5,
3) LFE RIKRBOTH L .
1 n
r==2%& (k) @)
nn=1
1.2 1
1 -0- X1
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Figure 3. Correlation coefficient
3. KEKAH
FH SRR PS8 T RIS DR 3000 22 e AR BE AR S i R e (L] 4)
RIKEE
1
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08 0750 0736 o0 0748
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Figure 4. Result of grey correlation degree
4. IREBRBKRELER

DOI: 10.12677/aam.2022.113149 1373 I Bk


https://doi.org/10.12677/aam.2022.113149

PUE

HiEl 4 WTRAE A RERI N D RACHE L T g im, EHURARE AR . Xl RE Zh e
FERZMER IR Xo (NI GDP)AI Xy (PAETCARN 51%L), X =38 B E MR 12850 R AR AR
HEBIXT N D ZEALRIRZNT . Xy (AR AT AN Xoo (RIKHEBO XS HRZ M EL o EZ K B SRR Hh e )
TR, TR, N T REAEME DL R N 2 WA I N U 32 200 - DRI 37 3 ple oy o A A 2
R 11 ANEFRAE SPSS et AT FRAEALEE, 18 AHSHEFEIRAEAE . LA A TR, SR A
T L AR A EE R R R (WL 5).

Table 5. Tables of eigenvalues, eigenvectors and contribution rates
5. FFEE. e RAMER

FHEAE FEAE 1] TTkE Rl vk
8712 0.335, 0.338, 0.253, 0.319, 0.335, 0.336, 0.336, —0.068, 0.337, —0.194, 79.199 75 602
0.336
~0.024, -0.012, —0.163, 0.005, —0.008, 0.108, 0.007, 0.798, —0.013,
1.090 T 0487, ~0.062 9.907 89.106
2 MREFEAR ) L 7317

Y, =0.335X, +0.338X, +0.253X,, +0.319X,, +0.335X,, +0.336 X
+0.336X, —0.068X, +0.337X, —0.194X, +0.336X,,

Y, =-0.024X, —0.012X, —0.163X,, +0.005X , —0.008X,, +0.108X
+0.007X,, +0.798X, —0.013X, —0.487X,, — 0.062X,

MIX 2 AFREAEAR R E S i b T DR JE Sl RS SO AR R
SR NDERE, PARRA. A¥ GDP. PARARNRTES —ERS AR, FELEU
R IESEERST TSRS N D2 AL RIFEN, [l 12 KR S BUMBURINE R . 5 — 3,
0~14 % NELLHl. NA%E. PASH . WX U ERAESE = E s b A BGREMT, T A0
JESGR P RIS, DN NSFRIERPERAE T . MR LE R T2 b 8 m AR, AR E R LM
BEORRE, TR TR, DARIEN D ZERILS

4. i 5EW

I 74 2010~2020 4N FIEER TINS5 SR nT LB H, 2021 42 J5 1 10 42, 117K 65 % LA
ENEORIBER RN, I H EEGE AR R, TE] 2030 AR \IR A SRS, 65 % DL R AE
HiEF 29235 AN, HILEERANLON 27.14%, 1LERE KB 2835 s,

A TS R LG LR SRR EAWINA EZA LU LRI B, #HLESf5rbulk
Feiok 1 RYT DA SR AR RE SR, RERITIRER A R AW e, PANECS TARAR N AR K
Z, TN ORI B Z AT, 10 RE 80 % I LA B4 N4k 283.05 /5 A, Lt 2010 £ 182.16
JINIEK T 55.39%, AHEmHHEEK. Kk, BELSGF Ll AZBE K PrigE, B
FAE B SE TS, AFRABFF MR T AD 28, B2 RE, SEEFREEN
WrBEA%, 2020 4, 4 N M H A3 8.52%0, KB 10%0. 55, 11 RE TN K H, 2017~2019
RN, IR N DR 2 3 41.97 Ji N 1955 Ji A 19.93 G A . NOMHHINE 7N g5k
i i, RUE SN CBERS K, (HE58hE R N DA 2011 EIA PG AE 5 TFG T M. 258 I fiteh et & 4
Bl FRNRE RN ERFEEE™E, Sk, (RGN HES, WCUR NS F:
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1) HEFEFRZ ARG kP e

WRIGZ AT EE R AT R, ARRLRE N O ZERACKE @R H. (WRENEEL TiRERA, R
WRAERETRE MRS LA B, B BETRE . HUTRE AL X IR = MR AT S L B, K5 9R 2
FUANGERE DX, DAL DOV R ERTR EHA S R R IR, BOR R X IR e ET. IR X 2 R 55 i L
BN LRI Z BRI X EF RS R, BT ETRKEERSHIE . RERER RS TTIMEE TGN
CENRBIRST, ZMHI ™ ERIREE ST WAREBUFEINSRE SR I, FHRRFIR N XS N A
BRI &, BEHS SRS T1E, SIS BAIEATRERS L, HESEF AL 245 5 1
FrIN 2 N i 2R (3]

2) IR T AN B I 7

RGO TR Mg R, Tl DAESRA G S 2R IFFER R R . HAT, iR
AL DABARN FOR IR IE AN BIARKREIRZRERACHI TR, BUFE LRI A, IR 3
AR DTN BAEARN G FIR S8 RS2 E, AR SR D AERWEARNG, Hes
TR AL BRN GBS RITR AN SR RE B e 0 3R [4]. BOINERAES X B2 PR AP T8 1 T A0 Y19 2
RIS L . ILARE — B ALK B OR b FE ve, HAT, 228 16 i S ar 7RI B IR
I AR AR E B RS KM BRI B BE A e, 3t DAL K BRI B 4, BRI JE 5
WistE, @A EEN RS VGRS, SR B 5L S5 en iE Sy, s Tk A A BT A (5] -

3) AN DEitly, RS =aEE

URF L 5 D18 R Tt s N R AR i S = IR . D s R B AN 1 5, BRI N 12 4K,
2021 £ 5 F 31 H 3t RBUA B AT 2R I S — X R LU H = A1 BUOR R B SR Mt
IR BT RS S E A RO E IR IR, SRR ARE, EdiRmarg)LEpe], EEEX
ST LIRIHIN, 25T 4l NAEIE 2 PR 22 TF AN U ARG USC D0 8 USRS S T ek B e RS R T A
Mtidd, el s N O .

4) JFRZEFNIRIET

BT IROPLIR, KRR 12 FINHKEBENRERKIEE K. RN TS5 R, L
IR BUN EE X EEN IR &, IR R Z ik, LA bl (e it 2 e b s g,
I 14 ATV R A . BUR BRI ) B8 & (0 ZFE N BETT M NI RIS =, A A
B ANE RS [7]. BICERZFENDHE R, 22 N8 SR, BN e s BRZFE Al
HERRRG, NEFENNRBRECIEN S )1 CEMBECR L, SRFPNERSATILRI R R .

S5k
[ PASLIC, U3, WA, S5 TR GHUMBUR A A L0 10 A 35 T 5 B0 SR T[], o A
1k, 2021, 24(9): 198-200.

[21 BFRMeE, Bk, TR EF ST 2009-2040 FH AN D Z A6 FE T[], o B & =@k, 2010, 26(13):
452-455,

[8] XBtHpR. A2 o R AR g S PR TN b TNT]. 55 M 7 22 B 2 4H, 2018, 31(3): 73-78
[4]  PNERAL. 4RERERF0E BRI B VPN FORT SR L —— LATR 8 T A1 [D]: (Bl =2 A0 3C]. F5H: F5RM K%, 2016.

[6] duitls. JEFRFRERT A X AU RS IS R BUIR S0 HE[DY: [ 22 Arie 3], Jbat: Jbnth B2 R
2018.

[6] HA¥. =B WM AE N DEORD]. #5, 2021(9): 29-32
[71  AADE. A g N7 ER I A —— AP IR E A FI[D]: (L2448 3. &8 =#OK, 2011,

DOI: 10.12677/aam.2022.113149 1375 IR Esid


https://doi.org/10.12677/aam.2022.113149

	基于灰色理论的山东省人口老龄化发展趋势及影响因素研究
	摘  要
	关键词
	Study on the Development Trend and Influencing Factors of Population Aging in Shandong Province Based on Grey Theory
	Abstract
	Keywords
	1. 引言
	2. 基于灰色GM(1, 1)人口预测模型的分析
	2.1. 研究思路
	2.2. 数据处理

	3. 基于灰色关联度和主成分分析的人口老龄化影响因素分析
	4. 结论与建议
	参考文献

