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Abstract Fractal theory and method is applied to analyze the characteristics of low carbon economy connectivity
of Jing-Jin-Ji urban agglomeration. Firstly, a “full carbon emission” accounting model is established to calculate
the resource consumption and pollution emissions of a single city in Jing-Jin-Ji urban agglomeration in the process
of social and economic development. Secondly, the low carbon economic connectivity gravity model and the
fractal dimension measurement model are set up to calculate and evaluate the low carbon economic connectivity
which centered on Beijing and Tianjin in 2006-2016. There are three main factors in the connectivity gravity
model: the population support, GDP output and the road bear of every unit CO, emission. Furthermore, in order to
compare and analyze the difference between the single-point radiation source and the double-point source
radiation, the superposition effect of the “Jing-Jin” twin-city radiation is calculated according the principle of
source superposition. Thirdly, in order to find out the law of the influence of the spatial distribution of single-point
radiation connection intensity on the fractal dimension of the source superposition, the representative years are

selected to carry out spatial analysis of low carbon economic connectivity based on the tool of ArcGIS. Finally,
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Xiong’an New Area is treated as the the third radiation center point to calculate and analyze the three-point source
radiation superposition. The fractal dimension calculation and analysis results show that in 2006—2016, the low
carbon economic connectivity of the Jing-Jin-Ji urban agglomeration have an inverted U-shaped distribution and
the peak appears in 2012, which reflect that Beijing and Tianjin had the best combination of low-carbon economy
radiation in the urban agglomeration in 2012. The differences of the fractal dimension of low-carbon economic
connectivity are very large between Beijing as the central radiation source and Tianjin as the central radiation
source in 2007 and 2014, and the inversion of the fractal dimension appears after the dual source superposition, that
is the fractal dimension after superposition is lower than the one with higher radiation capacity in a single source,
which means that the twin-city linkage is in low effect. The spatial analysis results of low carbon economic
connectivity based on ArcGIS show that in 2012, the results of the “Jing-Jin” twin-city radiation low-carbon
economic connectivity source superposition shows a reasonable spatial distribution—gradient order and distinct
layers, which is the main reason for the peak value of fractal dimension. When Xiong’an New Area is added as the
third central radiation source, the fractal dimension of the low carbon economic connectivity of the Jing-Jin-Ji

urban agglomeration can be significantly improved.
Key words

gtk e O b E Rt 2 = SOB R
e, HARFUELH RN S SLENihiAS
Iefg o T REVE a0 % R 0 B B AL R gy, Bl
HiBIF L BOAR K K e 3] LAl o 0, % SR e ki 3
s . s R TR E E B AR —, WRS
Tofs B 22 5 R U IS5 B 8 2 39 ) £ %) ML Y 36 T
DL Ry 0 2 R AT 3 T A e R A B A B, L
AREVEFRIEME ., A 20 2 704ECE, FHIEHE]
14 X 30 TT 1A B0 3 X4 — 1A £k (4 AT 58 R4 9 T
PEUL 2014 48, Tk 5 UM IE 4R H 50 H s b W) & R
BB ARG B, A% O SR R B — A Sy — AN iR
[ & J&, DhgifidE e ff Az 0o Dhne . i dedb o« Rk
TN E AL . 2016 4F, = A3 nt e as
R 22 T AL 25 SRR ) BN R S, 3 Je Tk [ 4R
— A5 Ml DX AR R, A AR o B s
A7 O AE I O gk, A B R R
VM FLEEWmZ —. HILER, X THHHEZ K
RIRERBI AR R TEFEER, 572K %
YN

BRI, X LA IR T Ay 8 56 e B TR P
ZTF B R R K H oA A B IR 5 B .
LSRR R B R A B
JE R B AR 90 45  Jie P ISR B 0 T X — 43,
PR A | R R 43T B a4 L 17 P T ek T v B
ZRR RS A A, RIS X 4 % R £ 5
PR Zs [l i g s B R R Z L — AN
HARE OIS W S TR A A UL R
156 A5 S (B 220 v o B 3k T 43 531 A oo DR 1 3G
AR SHE DO PR FE, X B 5T — B SR a7 5 m

756

low carbon economic connectivity; fractal dimension; Jing-Jin-Ji urban agglomeration

BT 2R R BE, WS SRR 5T
W RN AT RmEW LWH R EEAHAD
GDP Ik i i) B g U0 g 2E 3 22 0K S T
FRUT N 359 7K W s 00 L 2 5% 22 2R tho gy A Lo,
IR R BB R ARAL, (BT AL
ZR %, MR SOMELLRA S, PRI 33 SR BT 5T 5
P RBOUN 1 (2R REAER), SR
BOE AR b b b 35 X2 8 % 00 b 1A B Y
6 90 I 79 APl 7K ST % 3 T R DS 1 3 R B A Y
A0

i AR B T IZ AR E R PN R SR I AR
JCE, WHHAEN A —bE bR 25 5 Hfk . 76 H £ IR
M SAEARACIE T, B D HE E 0 — i 8 22 11 [ B
DA, CO, HEilzs It i kg — Fh e A e i B .
F iR, ARSCLLCO, HERL & #4515 Y HE K
(8 U —PE B U AR 3k T 35 B B P s, O
DAL RRHE I N IS4 L 2R 7= H R B T A Y
TR, B IR BET5 Y HE RS DL g A3 T ) 28 3% B 2R 5
JER ) FE RN E . BT A TR L5
FOR I, FRATREIN A IR 2 00 Ty SRR M AR
LRI R

2010 4E 25, 20T mtEES I T ARG A 22 % O AUF
FEIFUR 24, QAR 28 U A 15 1 47 B0 PRl 8 s A2 F
gl PR AR PRl A AR 2R R A ST IR
W2 V% R R B 128 TV RE N B e P04 L
T, HAtMpEsR 2 W E THES ST, k550
TERIF G4/, DS (o (ISRl WU A T F 3k i 428 T BBk R
588 B FME A0 B ) 0F 9 6 LR GE . SE T, AR SCUA
USRI G G2, T R BT A A 22 B K R



SR AL RUHEREIR TR R AR 22 B I R 5 O3 TR R AE 23 A

53R 3 S oA BEPE RIS

1 =B E
1.1 “nHAPZER B E
1.1.1 BEENHEHAHE

AEAE 20 Fr IS 2 75 vkl OdumP R H . —Fhii
S A YRR AL Y O — 28 AR R B, Bk
FRAIZRE R RE(E . B TR FHAR R T A T gt iy
SRR, R LK BH B (ELVE S S Al a2 (o Y AT o]
USRI B I BT T 04 4 A R 2 vy A4 R B i
ZRNEE R T B () R FHAE(E, 507 Sk K BH B8 £ H-
(se)® o LS, 7= a2k P A B v T AR Y HAth
FhS Y BT REFE R 22, 2™ Wi B 0T dk BT X 1 1) i
[EREw e d =

AR EREE S — bR —FIE . AEE
e AR, AR AT Al i 7E D s A A R P 38 A T
WO I, Wi 580 g & 3 e A S P e i T
B, TR 208 AE R RE ) o X R4 I 2K Y B A
HE R AT ol AR PR IE e, T 9 sl R A I R
15 Y B — 2 T A R S HE A, X R W AR AR A
FQ[B]O

BT LA HT, AR SO BE VR T FE B2 HE O
15 37 HE U A WA T A R R B P, T
AN R IR 05 e tE AT IH — R b B, #HT RN
CO, HEfil &, DAL AR R85 15 e ot 3 7 7 &% £ AER B
I M R BE R . AR SCHE CO, HEUK 1 K]
53 K B4 CO, HER AN AE COL HEBL ATk, 25
G 7% FEORTR] T30 < A B HE ) DTk B B0 1 mT AR
P, SO0 R4 S an 8 1 TR A AN
TS
1.1.2 ETFaEN“EmIZE

P B AR R P, R Tk HE R .
W, BE TR RE 7= AR B B4 CO, HE I (187 FR L
HE ) SR A% 45 B4 £ H 30 8 e R il 3 B 2R B0k Y,

o5 gL Wy HE R BT 7= A T FE CO, HE B 2 (D 7E
1) CO, PREE 25 1 19 o5 FH, T8 PR v 70 Ik 78 71 ) e 4o g
(H A S CO, HERC A X N 56 R AT, 1A
A

Tco2 =Teo +Tc02w

2e

M- T

4
COZek + Z COan
n=1

S P.a-f 0.8856

V., -A,)+ s
l(k ) ;; ¥ 3600000

A, T, AHE—IRTTHY 2B 8 CO HEMUEE, T FK
“RBHE; T, FNREIRINRE AR, T, F
TR ST HE OB AERRFE T kR 7 A HE B HE T
IREVRHFE (S tt 2 M . AN THREAEFES L &
TMATEHE); COrer T2 57 A THFENY ELHE COL HE 2
nFRTE A TERRFE FH AT5 e I (R K . R ABAR
FE AR 529 KA TR B0, COLy R4 n 2675 G
VIR AE Y CO HE &, W, R 2R k JERB IR TH FEI
JEHREAA; Ax 2620 K SERE VRIS FE M) COL HE R AL,
P, 35 n 205 P R R B0 o FoRRERITH R
B pRNREMEIL LR, » RN B RERY BEELFE fL 3
(1.05%10° sej/T), 1 kWh=3600000 J, 45T FL A ke HE
Jik 0.8856 kgCO,*,
1.2 REREFEERBEEEE

PLT| Ty BEH S B, B A% Gt 28 B HK 2R ik JEE A
5 HEBIRIARSS A, b ER AR AR 28 B K R 0 A
HIANT:

)

-
I

M, M, -M,, 2

A, A 2 BIARER F DR R 32 FR ST Ry

“ARRH B U
|
B W AE R T
1
I | | | |
| | AT [ Wtrrin || Bk (| =5k || BB | s e
PR ||| | MR || HK || S|t || e

B1 =BHzEKS

Fig. 1  Analysis of the full carbon emission account units

757



JERRZZ(ARBIEID) % 55% S48 2019474

328 S ST T HE A2 B O SR T A I 22 B R R
S PR P4 ik i R T RN R G G
G R R AT XA R (B (GDP); S, FLS, 4
kg i R YRTT T B TR T, A T, 30 i A
JIT AR CO, HERLIE; Dy Ry i R j 3k T 22 i 1 A8
FEBS My O N BRI R A 2R A
FARR R . FIIREEH . H ARG RS AR B K T
SEN R AN My 2 TF SRR T R, ST Y
A GDP . 23 % B AL [ G B8 7 8509 45 K R
BIRZIR; Ms o HAR BRI R 8L 285 AR
HEC ANBK GRS AR K 5 5 R R Y
A

AE LA T g oo B B 22 T Bk 2R 0k 2 I
B S SR A = ) 1) L IS A %= 3 | /A= e
3 RGBS rh 3R TT ) =05 (3 A4 b O kT ) IRk 22
PR OREEE, HHEAXINT:

0.1R

V410

0.1R, 0.1R,,

R, =10-1g(10 110", 3)

K, Ry FOR A HRS I j 4252 AR B = Y 4 Sk 22 o
J5 WARBRZ DRI RIREE, R LR FIR AYHIFRA
[ei) (g LTIy, R 5 6 [) — A 22 4 ST 7 I
B 28 PRI R BRI HR ST COUR B N, R, REA).
1.3 SHEENEERLE

SRS T ARG AR 48 T R G R AE R Y T
PR TR AT, P 3R T ] 9 A e 28 9 6 R AR 2
F2 BRIy v A R AT (o B T ) X AT A JRE 4
RS EEHERS, ARG I AT FROR R

Ko R ", 4)

o, KOS ECH R S 3T R Ak 26 1 Bk
FRURFE, DA AER, X4 M o g, IS
CIEE

1
InR, =A—Elnk, 4)

R, kT (B Bk 22 U K 2R 5 BE RO P 51048, A4
h R E TR

4 D=1, 38350 A 29 AR Py — A )
Aii, /R TR P A5 3R T 32 32 v BT ) e e
X2y, ANFELERE LI R, AT AN BETE A T A
HS A (TR 28 D 1k 2 50 152 ) i v AR A o T P A i
TGRS, SR AR et 25 D>1 I, SO

@ https://www.yicai.com/news/5350934 . html

758

LI T G 25 v B LD, AN T Hts Sl kvl e R
PRTEVHI A D<1 I, 257K 2R 50 BE AT AFAE 22 57
1 LA BTl i, B AR5 4k 50 A 1 BRAE D<1 i 2
Ji i S CTVR o 4 o0 B B R 2 W N TS, S
H T A B 4 0 AR D I 4 4 3R 23 A1 BB
WCAR SR T B 4 43 31 0.6 18 1R & HL43 4R (K 4] 5
M, RIS D=0.618 I, I8 e d LR AR 2 P K &R
DB 0.618 izt K mlidt /N AN T 3uk vl A A1) 8 A
K.

2 HHEEHESHEERNZT S
2.1 ERHEFRIE

A 7T R A BE K B 2007—2017 4% (R E
GiitAEs% ) MM g e . (P ERRIESE
THFESE ) AR I REIR L T4 4 L B (v B 3R
BRG i AR SE ), B4 B Sk UR F W] 4 I iFind 4 il
Bl 20 (http://www.5 1ifind.com/) . 7S SCEHE R 4k
BT CRUHERE O R 4B ) O rb AR A T Sk
MRER B — B b mT ) . B (L 5T AR )
DM O IR T (R A FE T . BT AR
FE TTFTHIER T ) A1 s kT R K BT L AR T L JAR
i, RS . WM. WA T A K.
22 SHEETHEEERSH

5, RS0 A R R IR RN R —
AT 20062016 FEAF 1Y CO, HECE, RIAF“ 4Bk
Hevo SRJG, 20 B LADG ST R0 R AR R 4 i rp s, AR AR
2 (2) 0 B35 3 A 32 3 T AR A 3 3 Tl ) AR it 8 % 1
FOREE, ARMARIE X G)PEA T ROR IR A 4R S . B
Ja, AT S) 2 503 5 LA AL 501 R 5R 5 L
2006—2016 3 7 FE A AR 28 B BC &R 5 B A 2. LA
A A B vl o 1 3 T AR AL B 22 U 16 R 0 40 4
1B DA R st — e WU R A5 6 S5 OBLIE 28 i ) Py 38 i AT
TR TR IR RO e E, 258K 2 iR .

i & 2 A 400, 2006—2016 4F, BR AN B4 6y 4,
T UL B AT Bl 8 O 1K R R A
7308 7 TS LA B (A 5 R ) VR S R 4 P 1 43
A, VLS RIS ARG AR L, IR
BB B 8 S RSCR AR . BeAh, RO SR S NS A%
TR 28 U Wk R R B2 40 AR (S 48 U B oA, D i L AE
2012 4F, TR 2012 4F 50— SR B A 10 (AR 28 T
RO et



QeI

T IR T A AR 2 TR K AR 0 8 3 TR R AR S AT

—e— UURER L —a— DUERDs L —e—dER REIURE M

0.60+

0.56+

0.524

K 3N

0.48 1

0.44-

0.40

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

F4

B2 2006—2016 FRRHEW TR EBREFRRBEDHE
Fig. 2 Fractal dimension of the Jing-Jin-Ji urban agglomeration in 2006-2016

B iR — AL A, B 2 ks B S A B
B o 2013 4F DL A 5t 5 K HAR B O B KB 26
VRIR Z 0 JE o dE(E A0 = T 2012 4F, i 1 2011 4%,
Fie BRI +5R =50 AL S8 5, AN TE 2013 4F iR 0%
B R, SEBR b emt - U AR 5 S i 1k 2
TEHR R o A HE 4% 02 2012 4 fie i, 2011 4R K
Z, 2013 FFHR A%, WEEAE S 20124F, b4k, 2007 Fl
2014 BIAS AR — ERREREANAF, < mT i SO 8 5
PRI Atk 28 T 166 3R it B 0 Ak AELAIS T SR R 53 (2007 4F
RFAL S, 2014 (R TR ), I EHEHM S
23 RIREFERRBESTESHEBEXRZDWH

FIF ArcGIS Hi A, 22l L3R W 2 R R 45 40 1)
Rtk 28 5 3K 2 0 B 1 25 ) o A 81, A9 A AT ke 8 B Bk
FR 0B 1) 23 1] 49 A5 X A3 AR Y 5 )
2.3.1 20112013 FREEHTHRBREFEKRRE

E=EDHmaH

DA AF (2012 4F) S H e A AR LU 50 48 i
Oy PARHEE R 58 5 o0 A s - SR 5 5 B Y
R Bl 26 5 1K AR 58 B 25 [R) 43 A A&l 3 i o

1) BUA 5 v (A 55 R R (] B A S o A v o)
P AL 25 B Bk 2R 5 B 3T

2012 4F (23 [a] A A el J2 W ek, IR R 5 B P 1
ZARIRE BE o B A TE o 2013 4F23 [W] 4341 B )=
AU, 23 AR FE A P P 4 22, B KT AR
O BB A — B B R A A DU R R AR O
2011 4F (1) 25 ] 43 A P J2 DL 0BG B2 A5 e P 0 s 4y
T 2013 4F, B 0 i 55— B Lk 2 5 DU

TS OL . HCHR L L BIE, o R R B 25 2 T BN
JRE 30 o DA 7 e v e R A T A A SRR A R, R
AR TR R R R, WX AE, T
AZAF), R RS 5 A A B R — B

2) FAE G s (A R R A A SR B L)
{14 AL e 22 % Bk 22 08 J3E 43 o

2012 4R b 5t AR 43 0 VR S A 56 el B 30T
B R 20 F I R 0 B 2 W] A0 AR T A8 R 3, FEJHR
i 570 M Z ) 24 AR . ] B S A B R e
s B R PR B — R RN SR U 2, T R A Ry 4 A
He PR H 5 — BN EE = . AR Z Ak
WEF RIS % 85 2200, FRKEAE R g oo iy
FORE I — B g, At b
SR rPC I I 2R 5 B AR LA P HES o X BT 2 WA,
2012 4 4t 5 0y B 559 v o0 R0 O VR A e B b0 1
IR 28 5 T 2R 5 S 0 A (AR B2

52012 4FAH H, 2013 4Ed0 50 FER E A 5IAE R ds
S8 HP O PO ATRIR 28 B B R R BBE 45 () 0 AT 1) A PR R
JIT Rt AR A S o o SR A B R R 1 4
()43 A0 22 A R LUAE AR R S oo i, B 5
TN 2 (0] B R A Tl DA KR A iR e
O, R 5 i M A EE FRBR EEAL TR — A, JE IR
PR, SULFEE, 780 565K 22 A B o — 2%
S DU IS XF BRI 2 AT, 2013 4F K HHE
SRy S HR s AR 5 5 BEK R 5 J3E 0 A (EAIE T b o A
RS I A YEE, 2EFE R T 2012 4R

52012 F12013 4EA EE, 2011 4F RAAb 50 AR

759



bR RF M (ARBI¥R) 558 4 2001947 A

201 14 AL RUNSE S H 0 201 14E AR N AR S 0 201 1A - SR AR S B n

20124 AL RO 4R ST ot

20124F J - XU Fa S B

20134 AR EE 4R S 0

21 km 0~109 [ 1 109~227 M 227~450 [ 450~5590

W LA IR T R A Py, G 3 T B AT 2 B I 2 3R (VR SRR BRI 4 4 AN, R R EE R . T IR
3 20011203 EFEEEHTHRBREFRKZREZEANH

Fig. 3 Low carbon economic connectivity in the Jing-Jin-Ji urban agglomeration in 2011—2013
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