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Abstract: Carbon emissions are comprehensively influenced by multiple economic and social factors such as regional
development level, industrial structure, and consumption pattern. Studying the spatio-temporal coupling relationship

between regional economic and social factors and carbon emissions not only helps to reveal the influence mechanism of the
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spatial pattern of each factor within the region on carbon emissions, but also has important practical significance for
formulating the differentiated economic, environmental and industrial policies and promoting regional low-carbon coordinated
and balanced development. Based on the relevant statistical data of Beijing-Tianjin-Hebei region from 2005 to 2020, the
regional center of gravity model, spatial correlation analysis method, geographic concentration, inconsistency index, and
spatial autocorrelation analysis were used to explore the characteristics and geographic concentration of regional population,
economy, consumption level, secondary industry, poverty, carbon emission and other economic and social factors of center
of gravity shift, and the spatial relationship between each factor and carbon emissions was analyzed. The results show that
(1) all economic and social factors in Beijing-Tianjin-Hebei region deviated from the regional geometric center to different
degrees from 2005 to 2020, and each factor was in a long-term spatial imbalance, but the imbalance has been slowed down
over time. (2) During the study period, the trajectory of the center of gravity of each economic and social factor had obvious
phases, the pattern of the center of gravity of each factor in the Beijing-Tianjin-Hebei region was easy to fluctuate, and the
spatial coupling of carbon emissions and the center of gravity of other factors showed fluctuating changes. (3) Demographic
factors are the main factors affecting the growth of carbon emissions. The gray correlation values of poverty, the proportion of
secondary industry, and the level of economic development are also high. Poverty, the proportion of secondary industry, and
the level of economic development are also the main drivers of carbon emission growth. (4) The geographic concentration of
each factor in the counties (cities and districts) of Beijing-Tianjin-Hebei region mostly shows a spatial distribution pattern
of low in the north and high in the south, and mainly shows the difference between “core-periphery”. (5) The imbalance
index of each factor in the Beijing-Tianjin-Hebei region gradually increased from 2005 to 2020, and the spatial distribution
of each factor and carbon emission gradually changed towards spatial balance, and this trend of change passed the spatial

autocorrelation test, so that the regional collaborative development helped carbon emission reduction.
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Fig.1 Theoretical framework of the relationship between economic and social factors and carbon emissions
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WRAELTAKE Sl LS R BE F2E /KT8 T EAR T |, S22 8 X RN X A5 [ G T X
TR RN, " R, W 5] T RSN BRI T ELO 2 R ) 25 6 7 AP AL 7 s . & #% IR 5.0 i ER B
K IE RS B B R SCE B O BRI PY R RS Bl RS IIIAT DY SR M DX A PR 11 B B S s b (R by
S5 REAH ARSI AFAE Bl B 2500 Il b4 SR RN D BCE i K F AL s AR R O 2 F, HA RN O 3
FLREAETVI R X, RIS RO 1 PSR T #530,
2.2 BRI SHHEE X T

e HE R O 5 M B R T ORISR AN s R A B g AR (R 1) . BAORE | IHECE O

F1 BHEECSHAEREOCBSSHT/m

Table 1 Coupling analysis of carbon emission barycenter and other factors barycenter

W S A0 B S 2235 TAHERIC S 55—l WA S 2K WA S5 3R
AEy Coupling of carbon Coupling of carbon Coupling of carbon Coupling of carbon Coupling of carbon
Year emission and population emission and economic emissions and the focus emission and emissions and poverty
center of gravity center of gravity of the secondary industry consumption level centroid

2005 0.02 150.54 55.97 802.47 0.49

2006 2.16 142.71 36.55 748.97 16.25

2007 2.21 141.53 29.68 725.76 55.70

2008 1.93 126.23 24.02 680.39 65.21

2009 3.28 158.07 40.64 735.19 39.52

2010 5.53 156.67 40.06 737.31 42.61

2011 11.18 170.66 44.15 762.00 42.69

2012 12.14 176.34 49.21 748.35 45.23

2013 15.86 193.41 54.81 763.11 48.46

2014 13.64 195.93 56.71 750.11 58.95

2015 20.57 245.60 81.06 814.49 43.27

2016 22.00 264.68 77.18 874.67 36.82

2017 16.31 304.91 40.04 688.17 43.59

2018 16.79 269.57 68.42 708.49 33.71

2019 6.72 262.99 40.04 589.16 52.75

2020 10.64 296.02 38.95 596.60 91.35
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5N O 25 ] B 2 AR O, U2 (IR B v SV I 55 , (0 S OGP R 2 0 . e HE R O 5 &
V0 B 25 ()R B AR K, BB R HE A O S5 2 P O IR A R R i HE RO 555 O Y
2% [ FE B S/, U BF G2 (RS A AR AR 8 AR O 5T B KO 0 19 2 8] BE B B A8/ )N, 1 B
oz [N AR SARTE G G  BicHR A O 5 8 TR B E0 1) 225 ] PR B S (AR K 100 HH G2 R A 1 S AR sl 553

NH B ZR R AR RN R (R 2) . W 7 | 25 &R KT K A8 DCHK
BUE AR A, UL A IR 5 b FeEE 80 R R KOt R i HE R K ) R IR B Sy, R B M X
2005—2020 4E N H SARAL THEECIRAS 16 4R N FTHE K 14.68% , 1 1 G YT J5 31 22 (002 X B R RE IR 75
SR, M7= A B 22 (R B HE R, RN PR 20 TR 1 4 A VR X B S BRI O g 25 R — 3k,
SURFLHLIX AR O AR <) U B B, 2011 ARSI A ) 8, B 2011 AF o B AR BT RSO R N
(2011—2020 4F) ) yiiAis , FR I FFif TASHERR BB A B8R SR, BRI 2011 4EZ S5 3 RN F A2 (H
AR A BN D SR 2 | AR R 2ERAT 1% 5 H N 10 2 bR LS 50% 170 B 1 g HEK
SRR DR AR PRI R AR T R HE TR Bt A IR SR P, T A SR fe i B 1o ik A AR B T SR, HAER 1
AT DA Y B HE R 5 47 PR O 94 B 8 R e, b, B0 28 A 4 IR X o B 0 33 T I a5, AR 3
] A, SR DX Y 55—l GDP ZKF-Hi GDP it 43 354 158.50% ,224.40% , H i 5t HEFLIR 7 1 1 Ak T
Tl A B B, « TR E A7 2 4 J5 M 24— B IS 109 200 6 R ) 2 Joe s 07 | BT LA BE VR P4 75 BE Al 25
ANWTHE I, S B HE R B K

x2 BHHEOCSHEXERNREXEKE

Table 2 Grey correlation degree between carbon emission center of gravity and related factors

S ZERET5 ] S BE 23 BE T 1) eI BE R
71N
EI, - Correlation degree of Correlation degree in )
Evaluating indicator . L . - Sort
longitude direction latitude direction
N DL Population center of gravit 0.922 0.846 1
P 8! y
23 L Economic center of gravity 0.591 0.502 4
% 7L E 0> Secondary industry center of gravit 0.628 0.729 3
y y g y
TH 9% K F-F > Consumption level center of gravity 0.362 0.355 5
FLFE BEF L Poverty degree center of gravity 0.658 0.733 2

2.3 VR M X AT K B A v R R H A ] 56 A
231 FUEFTHLIX A EE R M AR b B A [H] RRTIE

HLC AR AT DAMEAR F A &S 2 8 A DU FTRE G B, DX 3 2% Il T =2 18] R 5 0C R HT b AR
HOREREE, MRS R SRAE T A AR AR R BN F A A (SRR b B B RN 1 A A A HE
i, FIERIE A (4) THE H 2005—2020 A EF X 4 B (T X)) 2 ZZ R (& 4) , FF X HAE R
I3 R 5 ANEEGR , NN ZS [B) Ff B S i X A ZE R A A% Ry, P TR IR PR, 76 0 U IR 2005 45,2012
AFF 2020 AFERTEDL

U X 4% L (T LX) A5 B M PR AR rp B A s 1) 1 48 2 R AR S A A AR R, A B R A AR P X
MERREHNA 25, ONN DO HIEE N ERE , s KRR 2: 7 52 R RN AR M-3R
“HE-HINE Z IR A 225 R R A B T AR A O RSN BRI A A B0 X G B R AR B A,
HNELRG FIBEPE R AN AR B g i, DNISHA] AR BER7E, 2005 A N 4R BE 55 40, 3] 2020 4F A T
FLAE PP AL UM R, AT WO 50 B 8, (EAZ 0 XN AT [ AN B ka3, @ M 28k B4 v i
KF, HURF L X W R NS AR B PG AL O ED Z R 25 5, U B IX 2 R R 5 AN HAR R
& SRl R AL, A a1 G st A AR B R B (EAH L AR 5, S U A vh B ) s (E X BN B 1k, BTH
KA B S I A% O -Ah B B 25 DA% SRy, ot RS IR T A 2 B R 3 3 R b i oA < R s 5
TR T A A A A SR A B ER T REm A, SEELMTT PR 22 DR 0% P sl PRI | e i o
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Fig.4 Spatial distribution characteristics of geographical concentration of various elements in Beijing Tianjin Hebei region in 2015, 2012
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HESE TR R R R . D) BB A kT A T 2 o B, T DU R B PG kT A R R JE P IR BT
A IEAE LR , @M 7= A rh SR, BB R BN “BO-FME” 22 5 Y\ Fedeimfdb s A X B
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SN FLE P EERE , FERMAIER-FAC A% O-HMNE” Z A 225 0 XTI B IE 7 AR BRI,
(R AN DX BB DR A T g, T AN S5 Ja A s R R vl 1) b g ey b g e 2R R T B8, 51 S 9808 R
P ERR M RN XL SR X B R, © N BHEBC R A b Bk R, BRI I
fili” | ARCo-Ah D PR -BLALZ R A 22 5, B AR v B AR SR AR A1 A v BE R B KT 4R B
S ARARL, 2 I AR B A R R AR 0 b DX e R R OR At B TR X L R R AR T T &
ROR LBl TIH G HA = T R AR, T AR T S 78 P 55 RS A0 AR T B F S B [ D HE AL
FiA B AR FHAFST

2.3.2  RUETHL XA LR S AR R — SR H s AR

S54SR X A5 U AL S B R SHE LR S (] 1 A AN — 2, R — Sk AR T A 4
FE S BER AR EE S cHE R P R B AT R RS A3 (8) TR B A A S TR S HE R A
R—E R, S B R GH I R R o =280 B ERERM S TR FEEXER S
HERCAE DM A B R R MR TIHE R (B 5) .
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Fig.5 Spatial distribution of coupling types of factors and carbon emissions in Beijing Tianjin Hebei region in 2005, 2012 and 2020
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R3 2020 F£.2012 F£.2005 FREFEMR ZETHMERBE/=EHEEXEEEHRER
Table 3 Significance test for global Moran's I of spatial matching types in Beijing Tianjin Hebei regionin 2020, 2012 and 2005

N -BRHEL 2R Rk HERL Sl TH PR3 P IR BZ- Tk
C e A—E R A—E IR AR HERA— S8 2 HERCA—EE HERA— S8 2
Fly o R . : .
Y Ind Population-carbon Economy-carbon Secondary industry- Consumption level- Poverty-carbon
ear naex emission inconsistency emission inconsistency carbon emissio carbon emission emission inconsistency
index index n inconsistency index inconsistency index index
2005  Moran's / 0.009 0.008 -0.012 -0.037 -0.050
z scores 0.321 0.312 -0.166 -0.735 -1.041
P 0.749 0.755 0.868 0.462 0.298
2012 Moran's [ 0.371 0.456 0.353 0.252 0.393
z scores 8.578 10.492 8.174 5.917 9.301
P <0.001 <0.001 <0.001 <0.001 <0.001
2020  Moran's [ 0.206 0.463 0.292 0.178 0.336
z scores 5.021 10.831 6.952 4.308 7.918
P <0.001 <0.001 <0.001 <0.001 <0.001

Z scores I’_I‘S /T\y,gzéﬂg{%ﬁ ,P ﬁ%*%%‘f
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