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Abstract The population problem has become a focus for revitalizing the old industrial base in
Northeast China. Utilizing the gray relative analysis method ( GRA) and building quantitative
assessment models, we study the spatial-temporal coupling characteristics between population
structure and economic development in Northeast China. Research results are given as follows. In
the spatial sequence, there are clear differences in the coupling degree between population structure
and economic development among the cities. In terms of the coupling characteristics and the

coupling degree value, the 36 cities are classified into four types, namely, low-level, antagonism,
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running-in, and high-level types. The major type is the antagonism, followed by running-in type. In

the temporal sequence, there are two significant periods. From 2004 to 2009 the coupling degree

rose with fluctuat, and from 2010 to 2013 the coupling degree fell down quickly. According to the

spatial-temporal coupling characteristics, countermeasures such as optimizing and upgrading the

industrial structure, attracting talents, cultivating talents, and retaining talents enhance the

coordinated developments of population and economy, and promote the revitalization of Northeast

China.
Keywords

analysis method; Northeast China

N URIZE 3% Il e N2kt 23 % i A v i i
7 PR A, LR B 2 T A 4 T e R I 1
I A 17 A i P DL S AR
AR I R LS5 S (VAN - 3 s
O LRE, RN D 5 2F R B2 ER, T
WA, N K R 2 TR R IS5 R R4
TR R SR s FE Eh 30T - B F R - T JR B B L AE
TP DB e TE) B AT
32 2 PN AT A PRI 142 BE 22 2% 6 R i
WAEFIA B NAEIE R, 1S5 A 1EIIE 118
RTANAOSSFRHELRD . E, A0 5%
i N EA L 7o\ W RE Y N = e

SNSRI S S P et L iF CYNEE ¢
AN MG X256 R R . JEA 21 g,
SEPNEE SRR EE IR e ot NS P S
PEH A TG N U ) A 4540 15 2 500 B 0
SR THEARD . NG5 5 2% K R IE A O
R SURH SR 24, 43 BE A AR I 45 K 0l 45 4 9k
S EEMRISCARSE M REAS T E 28 0% K, e 2 4%
RELAS2 7% K % TR B4 10 28 6 PR35 B 3 2o X A
CTAR 5 1/ P e N D 8548, N O 454 5 2 55 )
i R S P K T 5 R SR R AR .
P18 N\ 1 (A MR 25 K P B 45 4 L SCAR 20 Il
2K IR 2 S5k T TN T 5 2 0 R TR AT
9%, (EIE R4 N 1 25 44 1 e — AT T
R, RE TN TG M ) B — 7 T 5 2 0
ZIAH TR o UTAER , 2 T ORI B
SERBIR N O 525 2 M BN TE X £, 2R
PAAE RS R g % 070 A s Ll
2yl TR X NI G BESE I 2 o
—M AT EORES ONT R S 45 A
FEAL T AT N AR RS 250 5 2 5% 4
ORI i) N T ) B AR 46 4 5 28 % 2 TR 1) 5% )
AR s WFSE T 12 P S P 20 1) R T 4

population structure ; economic development; spatial-temporal coupling; gray relative

G, 2R B RS N 25 B FR A A
25— 2k R 5 R T AT A i 45
AT B, XN B ARG A 5 0 R TR AT
TR U H RIE =8 N 585 LR
IR D,

2012 AFEAREHBIX 22 0% B W2 X T, AR
JEH XN FU R 5 A& B X 28 B PR 24 i) 5%
Mol B 5| A AT DG . 4l 4 BN 113 A 45 8,
2000 #] 2010 4E At =& A HE i 219.1 5
N, SN H RS PEFRR bR 1 A 7 Ak, B
X AR X DX IR 28 % 5 e EL AT 58 H I B S S
ARSCHET 2010 AFE A [E 55 S IR H 3% A ot A H
SERERAE , R IR A CHR 3 AT s, A ML T A e
BT RSN 450 5 X 3k 28 5% kB RR A LR Y
X [ARHIE s LA RS e e AR b =4 A B4
1 5 X IR T A ki & BETE B 1) 7 91 - ) 22 4k,
PUICER F A AL =4 A 4R % X Bk U5 % e ()5
M HL , A il N 1 5 25 kR 1A R IEUOR IR 55
ARACTRSZ R 2R

1 WHREIE

ASCHFFEIE B AR AL =4 DL K AR L =44 36
ATTCHIX  BIE ) o 2015 AEARIL =45 R N A=
MEIL 57 469. 10 1270, 2 E Y 8. 40% 1T 7 .
M4 GDP B4 4k 5. 8% .6.5% Fl 5. 6%
HEZ2E)E S i, =A ANORERN1097.6 7
AN, ER 8.02% , At =4 A B & i1k ™
HAFRE T S5 ZHAN S ANORLILEIE
15.4% , @ TAEFHKF-13.7% , 2014 4E =44
Py 3% 45 4k 2 53 G 38 # 67.05% | 54.81% NI
58.01% , i T4 [H 1 T Bk F 54.77% |, (B2 5
B K AR LT 2 E K T 10 48, 42
LR = 12 AN E o0 8 L R
AL 8.3 2.3 F14.9 NE4 .



344 T E BB R

534 %

2 HRAESERER

2.1 HRFAZE

K A8 5 Bk 43 M1 15 (grey relational analysis,
GRA) & S 78 K8 R G S b ) —Fh o3 Ay
WP SRGERIGEHH T E T RV Sk
K BR Z AR OCHR TR B, BE i Ak 70 BT e — R R s
TR GE R BT TR AN & e A5 #3174 B IR

min min | X} () - ¥} (¢) [+ p maxmax | X;(:) - V(1) |

T O AR AN IR B, AR DT AT o

D) BEFE M P51, AR SCIEHON 1 254 R 4¢
( X)) MZTFRG(Y, ) ARG EEAE R0 Hr
F.

2)BAEALEE T R G B R K
AN FIRCR G AN TR SR AR #E 22 77 16 D 46 K dle ik
bR EfLAL BEAT 2 X] A Y,

3) AR R B

R;(t) =

Ry NRAE =4 ML B3R A ¢ 2028
AN EHRGIER S50 j A2 TR Z ] Gk &
WX () Y] (0) 0 R AR =4 g LA Bk
M DG RN B AR bR AR HEAL (EL s p I 0 B,
RSCHR 2 B W] A 22 5 B 2k, RS W] p <
0. 546 I, 73 B ey, — B 0.5

4) THR SRR

1 k
75/ = 72Rij(t)a (2)
ki,j:l

b, yy IRHKREE b N REAKE oy, B IUETE
0~ 1 BRI S P A, A R i, S
ZIRR(RT) .

F1 XEKEEXSIRE

Tablel Classification criterion of correlation degree

FeBE R 0 0~0.35 0.35~0.65 0.65~0.85 0.8 ~1 1
KB AR hs weo sk
TR ™ v R
5)HAMEE
TE A I A PR A 2 R SR A ) G ER AR R
1 m
d; = m ;')’ij(l)
(i :192’3,'..’m;j:1’2’3’.'.,’7’)’ (3)
1 n
d/ = ; '}’z/(t)

(1 =1,2,3---,m;j =1,2,3---,n) (4)
Hrp d, AND RGP | MERSETFRLEN
KURIE s, MATF RGP D e 5 AN D45
RGP R SRR ;m on 9 N OS5 R G2 5F
B W DE =1 a3 @8
TR BT A SO [R) 2 [R] P £
WAL =8 N D45k 5 25 L A 2=/ a
PRI o

[ X;(0) = ¥} (2) |+ pmaxmax | X} (z) - Y] (1)

, (1)

Y YR, (5)

i=1 j=1

o C(0) MBS sm n WA RGES2 T
K R GERHR AR R AEDTTEN 5K 5 2855 A Y
MG R, Rl BE ARG, DL P> R G0 QIR AR
S, (AL IR O : — R R G0 T R A,
FTUH ; IR R GET G s AR H AL, )
FRH AU , T MR B IR o (R BE, R £
%, VLIPS R GECIRA IR , AL 5 IO -
— S FR G A TR 1) A J (BN 22 TR AR S P4
N TIRPID R G ) R AN DM, 5 s o
— AR DT A T RERE ARG DA
2.2 iERRIER

MO TG54 5 2 5 A R N AR IR 3R Hh R 3t
TRkt G — R AN TS5 R
Dr R R GHRR R R o B UL I LAFRIT T [ H]
PR B N SR 1R b 5 2 T A RAR AR, 45
ARAE =B SR e U A7, AN E RS P51 245
OGR4t R PN BN OS2 21 (3N R4
SERFISCARESG T A T7 TN B R GEBEAT 0 % 5
SR RGN B (A5 Aol e
e Tl B LR E AN 5 5 A4 T g br (%
2) o ARSCHE EERITH 6 RA L& (F
[ IR Pr G 4R 48 (2011) ) (LT SEHF %)
(2005—2014 4F) (E MG T4 ) (2005—2014
AF) LR CRIBTTGETHAR4E) (2005—2014 4F)

3 NAEHMEZFERRBESH

31 L= AAEHNELFEZRBS
WEEHMEER

18 ORI B N 5 AR BN D 4
Dr R AR S VR I IR AR (3R 3) ¢

C(t) =

1
mn



53 4 AE K, % AR = A DTG S 0 R R AR £ R A 345
R2 FE=AANOEHMEELFLRBANIERER
Table 2 Index system of the coupling between population structure and economic development in Northeast China
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Table3 Relevancy degree of the coupling between population structure and economic development in Northeast China
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Fig.3 Coupling degrees between population structure and economic development in the three provinces
in Northeast China from 2004 to 2013
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