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Tab.1 Value of economic contact intensity in Bohai
economic circle from 2010 to 2021
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Tab.2 The intensity of inter-provincial economic ties in Bohai economic circle
SN 2010 2013 2017 2021
R L/ % A L/ % 5 A T/ % S A L/ %

bR 6 500 056 88.53 8 862 809 88.88 11 668 210 86.30 12 435 719 86.16
b | = | 535 801 7.30 652 685 6.55 1141 743 8.44 1191 820 8.26
K-l 110 237 1.50 191 240 1.92 320 367 2.37 368 483 2.55
b= TR 100 438 1.37 139 039 1.39 214 844 1.59 244 966 1.70
dbnt-ir 7 46 738 0.64 61 210 0.61 62 876 0.47 78 341 0.54
K- 35 774 0.49 48 034 0.48 89 014 0.66 81214 0.56
K- T 6 665 0.09 7 416 0.07 11915 0.09 16 580 0.11
-1 AR 4517 0.06 6 631 0.07 8 420 0.06 12 055 0.08
b1 7 1 361 0.02 1923 0.02 2357 0.02 2753 0.02
Lr-kR 824 0.01 1 058 0.01 1 349 0.01 1770 0.01
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Fig.1 Spatial distribution of economic connection intensity in Bohai economic circle from 2010 to 2021
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Fig.2 Structure diagram of economic contact network of Bohai economic circle from 2010 to 2021
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Fig.3 Density map of economic contact network among provinces in Bohai economic circle
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Tab.3 Degree centrality of cities in Bohai economic circle
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Fig.4 Spatial distribution of condensed subgroups in Bohai economic circle from 2010 to 2021

T ARl AR ARBTG5 19 36 T 48 65l GS(2024) 0650 5 AR L IR R 1K e gl



316 BARRFAM (A RBERR)

540 45

ARSCVMEIE S| IR R St , i3 AL 2 4%
Sy O Bk, X BRI 22 T B 43 Skl 2010,
20132017 DA B 2021 4 4 A4~ Bsf ] % 1 7Y 25 5% Bk
RO T 4 S5 4 S 0 T R T SRR ST, A5
DI 458,

1) WA R ARG , WF5E T B N A1
ZTF B AT BE R LW T BRI % (H
ZUR I R U R — | 2017 4F 22 Rif 39 K R A
P BRI SR L R 1R K A
BT RN R E 3o B R R R
PN T s e s | WP N E S E AN (UK =l 7S
R, HABLI AR A s, BCER 90 B o (2 7] 4
AARNREE , DA S XN 32 R B B %0
PSS AR 28 (B] A A A% SR

2) NGB EERTE 2 0 T 2 3R Bk &
BRI Z K S, MK HET
SR T Z M B BPEE R AR 2 1 ek B4 AL T
TR KT 1 A5 30 T 0] 22 05 2 T B R i S 2 AR
RIS 0T B4 B 16 AR AE ) () 1 2 AR LW A
R RS I PR A (8] 2000 B R P R R AN Ay
SIS RS AL H v B A A AR R

3) MHLL SR E i 2055 B 25 R T i vh
oM I PR AR B T | 28 U 4 S AN Y 1 1 S IO e
fiE, Jb T FE PR v 22 % T rp A A% O LT, X
SHC A 30 T A A, ) 28 R T T A A A 1 A
BN, GRIRTH PR 3 P A5 2805 Bk R KA etk
—LHRTE,

4) WEERTRERE , 92 m BRI 5
— AR S T A I T AR A (R L) |
1L 2R B R T B R AR ST A% O 4 Ak
BFHE, Y2 TAE 2010 2013 4E43 K 8 P HEE
FHE, 2017 2021 4520 7 DNEER FHE, FRER AR
M= X Z S o kg R, FREB D, FREN
5 1 I 2R A8 S W B0 EL A 0 IR T B R BN A R
(e

52 RE

Pighite 22 U Ve 2 B Ik R ik BE AR oA Bk, 3B 2D
SEEW Hy B B T A 2 R R AR R, DA R 45 5

BE O RNEE R T HE 3 AN hR o SRR TN R
DR 28GR HATTCSPIR 22 ek S X 2 AR S
FIVERHE  JF 2L B ey ke, H
ZHLIX AL T 2 PR R A BB B B, JF
FELEIR T A PR O3 T AN 28t B SV A i
& R R 205 A FEAN I () (B, T ab, A
PR DU E#,

1) Jmag XS AAE, smAb ko T, S B
AT LA A0 8 b 7 A DG A R R R, VAR Y
WA B Z B G A1E, AT R B M)
(4725 () 5 b BURFIR AATIBOR R, IR 3 Rk A
BB TR | L 2R 2 S BT A L 2R 2 5 kT
BE) DhRe AL, Ak ko3 T, K HE 5 L3 T8
WEEM e o TR SEP 1k & | 52
IR DX I8k o e KA

2) WIEfAZ.OTT, LR S E . Ui
b DX S SRR A 3T (R R T AT IR R AR YRR
il , 1 AR TE B LA 5 Ry vt R A 7 R TR AR R
TR R PR i e X A 2 i s, A 0
=5 BHEAH S5 2 B, N4k S inse S At U Ek
3l IMPUREAL AR AR DI RE RS PR T 0T R
MRS BIRE ST . (RIS 2805 Bl AR 350 5 0 e 1)
WU FF RO T 3% TN 5 1 g IR i it vt i < 22
AR BRI R , DI 2

3) FTHEACH IS e B X AT A, Kok
7 IR A2 388 Al I it 5, %5 ) 4T i P i v b R
2B P DA RS T i s FE S R 28 N
Dt iy 1y O | R o S B B taB G0 21 L AT
2B 73 K, KN 8% ) K& A i s AR
R, RN T R B E A Em L, IR
2 5 L AR K B v AF 22 3 T g e 25 YA 3 3 1Y)
AR LR E R T SRR T LI
V2 B DA BRI Sl R Y s v, R
P ILIE A A2 %5 3 ol Hi Ay DA R R i s
GE L H AT, WS C1 2 PR v b DX A
DA 11 2749 a5 A ot PRV A DA SIE BTV %
N Sl I i 1 kS WY VA 7/ e 1 B ST 4 < ]
ML P ST

Wi 20 Bl e TR R 2 P K B B E L, 2
X B 28 3% B e 1] b | H AR ) PG R A A A L 1K
“A R FLRI A 2035 AR S H AR A2 4 F Y
TR 19 T RE, U HEE IR TR TR AR A
LR 5 AL pg 3 B A A = BB BA I T
5o U] L SR A 5 | AT U e TR R R kS



55 4 4]

B, 55 IR U Pl 22 DI AR 0 J3E R HL 0 28 A R 23 5 o 317

ST RE— LR, BRI LTI AL T Y 3 Rk
MR R T =N, &P R 22 R BRI A
B R N 2 T I 28 BRI I sie XN IR 2 4 /N XA
e ZERE et DX b ol ki S5 B A T R X
AL T s P s S Bk, i3 B IR T R
AIRE 2 W28 50 A7 7512 , 0 B2 B0 o i 2 T Pl 2 5 1k
FORJE  IRTTH RS L5 (i ip 23 53 oo, LA 5)
i X — A K R . SRR T 255 HE R MY
B2 A B E N R 57l A5 4 | b BRI
PSR E A K, B S & T R RN B E K T
St Siike S S P N AL NN E2b
A K AEA R BIBESE bl DU i 4 5 AR IR &
X IR BEAT B IE LSBT 5 S PR i B, S5 91,
ABIF T P i i 225 Bl 22 B R AR I 28 e HHE 1l
T R 28 1) G R HEAT 20 A, T X 5 R GE AR 22 5
K R T 2R 1 R AT IR AR, RoR AT LAt
— P X R U R ol T - R R T 9 DX Sz B
R 22 2507 T R AT

SE Lk

(1] bk ST BT e o e S R B [T ], s FRAE 5
2011,30(5) ;771-784.

(2] ZRIT BRI DX 285 A R M A [ 0] Rl Ak,
2010(4) :233.

[3] REILLY W J.Methods for the study of retail relation-
ships[ M ].Bulletin ; University of Texas,1931:1-9.

[4] ZIPF G K.Humanbehavior and the principle of least ef-
fort; an introduction to human ecology [ M ].
Cambridge : Addison-Wesley,1949.

[5] DAVIES W K D,LEWIS C R.Regional structures in
Wales : two studies of connectivity[ M ] // CARTER M,
DAVIES W K D. Urban essays: studies in the
geography of Wales, Harlow ; Longmans, 1970,22-48.

[6] PRED A.City systems in advanced societies[ M ].Lon-
don ; Hutchinson , 1977.

[7] GARZA G.Global economy,metropolitan dynamics and
urban policies in Mexico[ J].Cities,1999,16(3) ;149
-170.

[8] MAGGIONI M A,NOSVELLI M, UBERTI T E.Space
versus networks in the geography of innovation:a Euro-
pean analysis [ J ].Papers in Regional Science, 2007,
86(3) .471-493.

[9] ANTONOV E V,MAKHROVA A G.Largest urban ag-
glomerations and forms of settlement pattern at the su-

pra-agglomeration level in Russia [ J ].

Research of Russia,2019,9.:370-382.

Regional

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

CHEN W X,BIAN J J,LIANG J L, et al.Traffic acces-
sibility and the coupling degree of ecosystem services
supply and demand in the middle reaches of the Yan-
gize River urban agglomeration, China[ J].Journal of
Geographical Sciences,2022,32(8) :1471-1492.
LUO K,LIU Y B,ZENG M L, et al. The impact of
transportation accessibility on industrial investment in
the urban agglomeration around Poyang Lake in China-
based on the perspective of ecological security con-
straints [ J].Environmental Science and Pollution Re-
search,2023,30(24) .65728-65745.

Jil— B ER AT AR DT e [T ] 3l R, 1998
(2).22-25.

IRERZE W is M, KA, A ORI 40 4F K v 1k
2RI AR s AR Jr AR [ ) ] 28 B Hb 3, 2019, 39
(3):1-11.

Wi, 8 55 A=, B R , 4 8T A T A P I 4 U
I 23 AR IS DA IS RO X O ([ 0] T
i, 2023 (4) :6-10.

FRARE, AR, AT A A DK i o 7R G 3T R
AT R M s [ 52w [ )] 3R 27, 2016, 36
(4):521-529.

FEAT, AR T R RO IR i 28 TRk
I 23 (6] S5 48 K pir R S AR R [0 ). BEBE 5T
2020,39(6) :1370-1385.

S BTG BRI, R TR TR 2 DRI &R
ZS IS Jmy S L U — AL 3 [ 1] & 9F 1 3
2017,37(7) :71-78.

F2Ez  ORAET MW, B R LT R
SR RCTT R O 208 25 49 o 5T I 1) B 0 A 2 o0 4
SRR )] U, 2019,39(2) :73-81.
TG FE, T T A AL A A T A s
[ SS R RIS . LR = f Sl e ([T ] M B 5
2019,38(8) :1849-1861.

Jil— B, AR [ B 11 3k T b 1) 2 B Y
[J]. 3R~ 2001 (6) :481-487.

IR, AR , B RUR . B ] [ 3k s 2 )
AR AE PSR M [ ] M3 2014,69(12) .
1833-1846.

skt , W] 2B iR U 23 (B 25 AR BE 5T - R TR e R
OESIRIFZGTR AR A[J]. LT B, 2011,
31(12):2116-2121.

TR AT X PRI &R E B AR LA R
5 958 M X R R IR AR O I [T ] M EERE 7, 1996
(1):51-57.

ST A i Tk 22 B B 28 B A S AT 5E [ D ] iR
ferpIliE R, 2014.

E g, XK, ERUH, 4. B 2 T R SO



318 BARRFAM (A RBERR)

540 45

W) 2% 238 4 ¥ A8 WF 5 [ 0] 1 5 s 3 AR 5T, 2022, 31
(3) :527-537.

[26] #Mlb s E2te  SCE R A TG G 457 W 45 25 1)
A K L BR S LR A 58 [ )] b 3R 22 2016, 36
(1):10-19.

[27] D5k, #hEA A R R AR T 4 = A Ik T 7 s ) 45
TR B TS M4 1T [ T]. 2 55 b B, 2015, 35
(10) :50-56.

[28] PhifgHe, BRI , PhIEAE | S5 gl T H 0ok 1245 1A 3 3 At
B LR 8 7R 5 T 28 BRI R 5% i T 5
[J]. Hi3RL2E 2014 ,34(2) 1 147-153.

[29] XIZEALSMLZAHT T M. bt th &Rk 30k
H R AL, 2004,

[30] EHH, ZNE, LHHE, %5 5 TS5
Y2 BRI 4T 2 S S AL R AR AT 5T (1]
B & FF5T,2022(21) :142-145.

[31] XUZ A& R 41 UCINET % HIg R (M ]. 1o
05 A% 3 A, 2019.

[32] B, T, TBL, &5, 3 77 0TI [ il e 8 B Bk R 1Y)
23 [ 4 B e SRS [ 0. gt g 5 S ik, 2021
(3) :57-61.

[33] XUBEFs KA TR I T 1 26 1 I 45 485 4 i 25 3 AR fF
FE[)] AR T2 E B 4R, 2022,20(6)  112-119.

[34] PMEEHE, 208 B 4550 30 45 1 1 Ik 25 3
EERBF R R KRBT 45, 2022, 42
(2) :64-73.

Spatial-temporal Heterogeneity of Economic Connection Intensity and
Its Network Structure in Bohai Economic Circle

MAO Wenjie', BIAN Lili*, HU Linyue', ZHAO Yumei', QIN Weishan', SUN Haiyan'

(1.School of Resources and Environmental Engineering, Ludong University, Yantai 264039 , China;
2.Zibo Traffic Construction and Development Center,Zibo 255000, China)

Abstract; As a new engine to stimulate China’s economic growth,the Bohai economic circle shoulders an im-
portant mission in the high-quality economic development in the new era.Based on ArcGIS 10.8 and Ucinet
6. 0,this paper takes 43 cities in three provinces and two cities where the Bohai economic circle is located as
the research object,and uses the modified gravity model and social network analysis method to explore the spa-
tial-temporal heterogeneity of economic ties and network structure between cities from 2010 to 2021.The results
are as follows.1) The intensity of economic ties in the Bohai economic circle has gradually increased, the
growth rate has slowed down from fast to slow,the regional differentiation is obvious, the cities with high eco-
nomic ties are concentrated and stable ,and most cities are at a low level of ties.2) The overall network density
value is low and slowly increasing. From high to low, it presents the spatial distribution characteristics of the
middle, south and north.The network structure tends to be complex and the degree of compactness is signifi-
cantly improved.3) Centrality presents the spatial-temporal heterogeneity of overall improvement and unbal-
anced economic radiation.4) Within the economic circle,four agglomerative subgroups are formed at the sec-
ondary level of the city,and eight subgroups are formed at the tertiary level in the early stage of the study peri-
od,and then reduced to seven at the later stage.The subgroups show a spatial distribution pattern of three areas
and multiple points.On this basis, some suggestions are put forward , such as strengthening regional cooperation,
defining core cities and building transportation circles, in order to provide reference for regional coordination
and high-quality development of Bohai economic circle.

Keywords ; economic linkage ; network structure ; gravity model ; Bohai economic circle
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