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Abstract

Currently, the population aging has become an extremely serious social problem in China and the
imbalance of regional economic development leads to the difference of population aging. Based on
the older coefficient data of 31 provinces in China, this paper firstly focuses on the spatial varia-
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tion of the population aging in the eastern, middle and western regions and among their provinces
in each region. Specifically, the Kruscal-Wallis method is used to analyze that the difference of
population aging in the eastern, central and western regions is more significant in 03-08 years,
gradually weakens in 09-12 years, slowly increases in 13-17 years, and tends to be stable in 18-21
years. Secondly, the Friedman test is used to explore that there are significant differences in the
level of population aging among different regions and provinces, and it is concluded that the degree
of population aging is the most serious in Liaoning Province in the eastern region, the heavier in
Hunan, Anhui and Hubei provinces in the central region, the lightest in Shanxi Province, the heaviest
in Chongqing Municipality in the western region, and the lightest in Xizang. Finally, based on the
Wilcoxon rank-sum method, it is found that the aging degree of the female population is significantly
higher than that of the male population.
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1. 518

B, NHZBRAL B 5% E AN Z —. N DZERALRAE S — N E XX 60 % [
PAENE &SN 10%E% 65 2 K LA BN A N 7%, X AR 1 IX AN KB XN T 264k
fez.

FEA OSSN 20%, A ZEAL R H 2% . AR5 E G 5 A A %, 2000 4
RIEZFENOLECIAR T 7%, 2017 £ CIEKH] 11.4%, X 2 T E BRI RN F2 i it i,
RfE 2024 45 2026 “ERTJEBEANERAE & K EEMREL 2 25Kk, S—Jrm, RIE XIS
TR RIIA T R BN D ZEAK ARG S 22 5, BRI L BTN D2 S L IX 2 5, DR
N B S RNBURAT B0 b 1 25 10 X ) N VBCRSR  Se vk 4l

2. XHkERR

KFNDZRALREMAE R, Hilof+F8 I AR, B %EmmaeiEFLERES. ¥
i) K 2 AR 5 o 140, Anderson [L]0F Tl AR ZK 2 @A BE 247 0 A, DO TR dr e &, AR
TR RS A R N 12 0k i 2 B K 35 . Shrestha [2]40 55 T-HF 58 % i o [ 5% 1 N 1132 B84k 1) R,
Sy HTAR R R R SN D 2 A K S i it T RO B R . BN TN 2 WA R R AT 7L 2
WA FOOR. Fral. JER. 0. B ARSI, EFS 0. AESIBRIEE T b E N O AL BURE
MRS EPARZ L. REALETHRFEZ NS, B EREREE. PURFFE N ETEE.

AR, — BB G T 25 3 TP AR T N T AN A 1 DX 22 5 S 2[R 3% o G0 2% 0 SR [ 2E T 2 /R R B4 AT,
RILFRE &1 XN 2084 2 R AN 81T, 2% B R & . sk Bef[6] T 2018 4E 434 T 3R A 1226k
MK ZE . BR[0T REMITEE THRE 3L ME A DZRIKT, a3, 25, TR
(e [81i2 F 75 Z2 A W it B E N O 2 84 22 il AT 70 . BTN, X%, 5KEE[9]18 F 28 (R i B4 2 18
TR E N DR EAT 04T 'S - UL HI[10]25 T 2000~2007 38 [E 31 AN 1IN H WAL AH S,
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12 F SPSS B #EAT Q BUER I M. ERFM[LLIFIAR [ HE[12] 50 BB 78 1 BRI FIEH T N O 2Lk
JEiads . EEMELSIBFT T REZEN D PIFEARRE K& 2 080 AL B 5.

M2, EWAMEE S E A E, AR T AR AR . BT A S R AR B ARG
LEAFAEE BRI, Wi 7R A S [ Ah 23 N DA R A 56 2 b 75 B AT & 2 U DL B 3K ]
I O 2R AR

FEN O 2 80 5T 2 R - R 41 SRR i 5 22 0 i 56 032 I AR I i 78 2 2010
SEUART R EE, AT IEASR N SRR B ZE R R AN Z . 07T, 5 EIRSEG TR
b, AESHOTEE Z N RKESIE A GG R, SEREARIE bR B S U0E 7 PARZE MR A
DAL, A 4R 2003~2021 FFEFRE 31 AN N FEERALELHE, SR AES B TER FLN F 2084k S
X3 2 57
3. MMRF*

3.1. Kruskal-Wallis #&38&

B K NESTUBEHUR RS X, X, Xy oo Xig, Xigoeeo, X, FERESE TSR X B PR LR AR,
=12k, HkAMEk&kESSEPFEAMEELMY.. ZEAN =Zik:1ni s WA ANEAR X, AT R
BONF(x-6),i=12k, HEITFEE:

Hy: 6, =---=6, <>Hy: 6,6, "%,

FoR T IX kK AN EARFEAR G IE L, M DNBIRHE T, 28 i 4\1%'\121&#2!&(&1, Xigo s Xip ) IR
(Ril,Riz,-u,Rini) i=12k. iWN=Y"n, R :nizi”;lRij , H4Ji% Kruskal-Wallis S5 115

“N(N +1),in'( Nz 1j2 '

HA

p=P, (k>k,)= P(xz(k —1)sz)
bk, NEETHEAREIE KRB MG & k FOUIME (AR R 0225 Sk [14]) -
3.2. Se2 XA T/ Friedman I8

BOA kMR b AN XAR e X HB T, 1088 j N XAT, 53258 | MBI MA R A B AR R
A X, (i=12-k; j=12--b), Hx, ~F(x-6), HEEEL:
Ho: 6,=0,=---=6, <>Hy: /l\ygwg/grjg
CH XL K MPEARIRE: Ry, Ryp, Ry (J=1-,b), it Friedman itk
12 ko 2
_bk(k+1)§(Ri_R) ’
Horp RONESZEEFIEIE TN b ANMERRIFIME, ROVAEAMERRIEEME. [FRERT LLIE B (0 SCk
[11]): p=Pyo(026,)~Pyy(X* (k-1)26)

3.3. Wilcoxon #kFn4&1s

B(Xy, Xy, X ) FEREFERPIIFEN (RLR,, Ry ) s (Y YooY, ) FEIRGFERTIIRA (S-S, -
HiEgiiE
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HPB, (Wy =k)= J%—i Horralkomn} i 2{((R Ry ) =(1, 1,1 ) B0 1 =k MO B
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4. SKIEEER 7

IR AR T e, AR IRE 31 NE N =R ZRER HRERRITE X, L AR X AL
R REW. WA BT IORE. WA CTE. mEA. WEE. RGN E It 114
Aili. THHIXAE LTS, KA. BRILA. B8, L. WEa . WdtafsEadt 8 M
ﬁoﬁ%ﬂB@4W%EaﬁE IIEHRER X, mERT. WA SIS A, FIEEEX .
Bevig . HiltE. TilE . TEEEEG X AP RS R AR X3k 12 MET.

@%Lﬁﬁi&ﬂﬁﬁ2w3$4m1$&l%ém$*%Auﬁﬁ65§&uikmﬁ%@%$=
1) 2003 4~2021 “FFE ZRER . A AP AL X B EAR SN T #: 2) 2003 4:~2021 AEIRFE R AR AT
LX) 65 % K DL BN D8, #EmERA TS 2003 £E~2021 SEFRE R ES. ARESATE R IX A D
EACEE €/

4.1, AOEFRBUHEXER S

RNTHEBERER. B AFMXHOANOZRUEEERAEREES, LRI R:

Ho: Z5. . THMZMLIEE L EEEROH: K. P, THEERUEESER.

FT LIAIERGM 2003~2021 EAR. . FEEBBX FEEN DR EEGE, FIH Minitab K4
Kruskal-Wallis 56, % p-fEans 1 fis.

Table 1. p-value of Kruskal-Wallis test results from 2003 to 2017
F=1. 20034:~20174F Kruskal-Wallis #3645 R0 p-1&

F 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
p-18 0.004 0.007 0.046 0.038 0.042 0.043 0.068 0.076 0.258 0.269
FAr 2013 2014 2015 2016 2017 2018 2019 2020 2021
p-1H 0.138 0.241 0.160 0.109 0.101 0.117 0.083 0.121 0.136

Table 2. The mean rank of each region of the Kruskal-Wallis test results from 2003 to 2017
2. 20034 ~20174F Kruskal-Wallis #1845 R 50 & X Fk191E

FA 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

R 23.3 22.6 20.9 21.2 21.2 21.1 20.6 19.3 17.0 17.0
i 13.4 14.5 15.5 15.6 15.4 15.6 15.9 16.5 17.8 17.3
i 1.1 10.9 11.8 11.5 11.7 11.6 11.8 11.7 13.9 14.3
4 2013 2014 2015 2016 2017 2018 2019 2020 2021
HH 18.1 17.4 18.8 19.4 19.2 17.5 17.7 17.4 17.7
i 17.4 17.6 18.0 17.8 17.8 11.9 11.6 12.0 12.0
i 13.2 13.7 12.1 11.8 11.9 20.0 20.3 20.1 19.6
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R 1R, WATATLLE M B4, 2003~2021 “E (1) p HI)/NT 0.3 1EX 19 FEMHEEE, p EE/D
[RAFE-A 4 2003 :~2008 4F, 2J/NT0.05, BIR] AUCHZERX NAER EZRE. o, PO =AM XN 1 26
RO R, i kT HARES . vk, 2009~2012 £, 56 p 18 1 0.068 B4R In#] 0.269, X
VALK PUAE LR E R0 ARl PE = AN XN D 2 WA B 1) 22 S AE 1 18 k55 « IR, 2013~2017
M p HEDHEBEGES, X UL L ERE S XN D Z SRR 2R NEEER . 55,
2018~2021 X JLAEIT p HAHZEA KR, i BRI JUAF 3R B &1 XN FE R AR P 11 22 e M B i A e

5 BT i R A XN 12 88 4 22 S B S R, AT Kruskal-Wallis 656 (RS (E 3T 220, AH G
ZERUNE 2 fiow.

T B EIR 2003~2017 AF R E S HLIX EAE N I EEE AR EAR L, AT 2 Hr i HdE v
b, @ik 1 R

—_ e e e e — —

Figure 1. Chart of rank mean in Kruskal-Wallis test in the eastern,
central, and western regions from 2003 to 2017

[El1. 2003~20174E R B, S ERFNF ERMHX Kruskal-Wallis #2548 &
HIET LR

H1 [ 1 3RATTAT LA

1) ZRESHL X BRI ME E 2003~2010 4F /& S BB AE T BR300, b R0 G 8 3 IX ) Bk 25 {7
2003~2010 42 2HUEKGEH R, I HAEIIRNAR A IX R (E AR 20z v T h . PO A X ARk
B, AR X BRI E IR, PURBHBIX BRI el BEHA 2003~2010 FZ4<. A AT AR IX AN 128
RACTERE A BE RN, JFHARMMXE N ZRARE s, X ke, v X f k.

2) XMIEHLAE 2010 FEZJ5HPTECE, FenliE A 2010~2014 4, ZR E 0 DRI S X R RE S E ) LT
R —2, HUbR P b X AR BHE AR TIX = TP R AR, X T AR AR b X ) N 22 AL
REFEA TN B, 5 IR 7 Bt X AN AR FE A Pt v, JF HL 353t XN D 2 AL ) 22 574 T

3) M 2014~2017 5, A< AT Hh A X RO RS (E L L B B, 7O B DX RO RR P SR D LR T
Has, JF H 2R EH X Rk 24 (PR 1A B R T o bt X Rk A R 3 KOs R, DRI E AR I )b = 3 ) Z2 BB
K. WX VUE R BARBA TR IR G s A s X N D Z R Z R A ke, JF H AR
XN D ERACTE R, Pk, PEERER .

4) M 2018~2021 4, 7K. . PUEHXAORRIME I 2ERE S S, RN X R (X =
R ARET, XL L T X A DAL TR PRAR X N 2R L

I FIR T, ARSCTEAHRA T IRE S XN D 2R 2 S, I A4S I SORIEUR AT LA
A KT U R % [XRE X N TS A ) 3 ) 3
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4.2. ANOZBRU B X EFRERZER D

N T 325 73 r2003~2021 41X 194 S 3 [ 44 Hh [X 48 B ] (1 22 5%, AR SCR] A Minitab 3 44 %1 2003~2021
SRR 4 [X 48 T B 4 N B i Friedmank@ 36 . 7682 T SR AGFriedmanti i, S6A 19ME0 0 5E
R XA E 1A T, it X A s g, XA E120ME T, BrbMREFE G NX A, &HiX
05 148 T I H oA FEXS R I AA SO XS 2250 b A0 3 1 [X 40 il Friedmand&: 56, 4b 8
XGIHNLL 8F112, [XAIEIN19, MM AR 1) Hy o ZRARHIIX 3548 1T [0 52 3 1k 22 55
2) Hy, : TIBMIXBEATRITCRZEEZESR 3) H, : FEEMX SRR EEZER, MR R

K3\ RALKRSHIR.

Table 3. Results of the Friedman test in the provinces of the eastern region
3. REHXEHMH Friedman BI0L5R

$=138.22 DF =10 p = 0.000
C2 N Median Ranks

LIH 19 10.0844 140.0
ki 19 11.1444 181.0
TT4 19 11.6852 187.0
PN il 19 10.3616 138.0
Wis 19 10.5911 145.0
thZRE 19 9.9756 133.0
Jenti 19 9.9790 125.0
(=) 19 8.2582 49.0
i) 19 8.9676 59.0
A 19 8.8438 65.0
JHRA 19 7.3517 32.0

Table 4. Results of the Friedman test in the provinces of the central region

4. PERX A MY Friedman 38 4E

S=72.58 DF=7 p =0.000
C2 N Median Ranks

iR 19 10.2996 133.0
2R 19 10.1532 125.0
biik =y 19 9.7842 106.0
AR 19 8.8556 87.0
Bl 19 8.7067 82.0
e Ky 19 8.6444 59.0
MNIES) 19 8.6180 56.0
ITES) 19 7.9508 36.0
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Table 5. Results of the Friedman test in the provinces of the western region
525, THERHbX B& B0 Friedman 81845 R

S =190 DF=11 p = 0.000
C2 N Median Ranks
HIKT 19 11.5608 226.0
UK 19 11.1497 210.0
S 19 9.0098 180.0
i 19 8.9344 167.0
BEMA 19 8.2515 139.0
S 19 8.0330 139.0
Hika 19 7.8983 121.0
PR 19 7.6750 109.0
HHEE 19 6.5394 55.0
Wi 19 6.6193 52.0
TH 19 6.3426 48.0
[iiE 19 6.4238 36.0

MG 3 TSRS R AT LA B, Friedman RSe geit- R I(E Dy 138.22, s p HIZLN 0, @iz T
BEMKT a=005, HHH, , BN S E TN DR RS 252 I HRATA R
Bl AERMMX SR 11 MET R, RlgmAIL T E AN D ZRURE O™ H, N ZRTE R E K
NULTRAE s REEHMHNLAE, NHZRAREE — AL R G AL, AN 2R R R BAR A i It
B BB UEREE, NOZREREEER RN R .

WML 4 WA, Friedman #3648 iT 2 1U(E N 72.58, it p (%104 0.000, NFREMKFa,
Ho, » BIVOAHEIHLIX & TN g e b E R v 2 . HAEP X sy 8 MEd, ANz
AR TR R . ZREE LS, N DB ERK S E . BRI, A L
A NDZRACRE BRI LT .

15 RS RS IREAL, NG EREY 190, Kl p Ei T REKT o ELEH, , WU
AR X 2 T N I Z A B 22 5 I HAEPU B IX A () 12 M, N2 R iR
MIRERT, N BT ERCE BRI G N 7, N DZERAREE s E . WEE . HR
BNEEAE, NOZRAEEBRO TS BT E, N2 R T .

4.3. AOZRUBMRESR O

Wi R drara, REANOZBRAERENX ES, BHESAEMERZE RV ? unfAfrtt
T ZE S, RIRANZE R SR WAL 2 i A X A ] AT AR 31 T 2003~2021 AE 4 H I 2 AL
HHE.

MIEGEHAEFATT I, M 2003~2010 4, T [H 53 M 245 N DT E R T 2o 248 A 1 G, i 2011~2021
F, REREZENDRENTFHEZEANCORE. ik, FATRIA Minitab #4485 51%F 2003~2010 4F
TE B L ZF N O E L 2011~2021 4F 5 ot 2 47 A 11 B R 2003~2021 4F 5 202 4F N T HE 45 Wilcoxon
PRATKL G, RIS R AR B0 A 1) H, « 2003~2010 4EFRIE JMEZAE N L LEE AL 45 A e
WEFESE; 2) Hy : 2011~2021 FREFIEZENOLEM LM EFENDEITE R EZR; 3) H, -
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2003~2021 FHRE BHEZENDLLEM LHZENDLELEEZS, HIBRSE R 6 Fix.

Table 6. Triple Wilcoxon rank-sum test results
%% 6. =% Wilcoxon BLFnaIe 45 R

FAy 03-10 11-21 03-21
p-1& 0.018 0.000 0.000

172 6 RS AT LU Y, 56 p (83N T B3 MK o =0.05 , T4 =N R AR ¥, ENACH 2003~2010
R 2011~2021 AEFRE B 4o N T2 AL DL % 2003~2021 4E3R E 5 L 245 N L2 AL B A B3

£,
T 2003~2010 “E 1 p fEARE T HABP S p B, T BLACA 2003~2010 FEFRE 5B 4o N D Z @1 E
2 K.

W B Hr, Ak 7 ERE N DB RA R R 2, e RIS E R BEAAER, JFH
HE N OZEAL R LV N D Z AR B T M N VB RUAR L, XN [ R ANBUR A P N 02 %

(LR T 2R
5. &g

BB MABRARE, REMANDZBERACH B H R . 75N Z R X 22 5 A 531
Z 5t , AT AR 2003~2021 SR [H 318 IO L Z WAL 8l R AR S EER T AT M R I st 6 o
HARRUL, BRI Kruscal-Wallis #5677 & 7 N HZEAACHEAR H PURHBIX 2R . LR
HI Friedman #3380 77VA0T T 7 N D ZBEALIEAR . . TS AR ZE R . &ak Wilcoxon #RAIT LM
AT RREN D ZRAKCT RV 257 AT N A X872 7 A 3l 2 57 ORI 98 W] A [ SRR
AR T R % 3l DX SR N T SR I R RS SRS (R 9 T A4k A A0 B 2 R

SE
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