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Spatio-temporal pattern and influencing factors of carbon emissions in the middle

reaches of the Yellow River from the perspective of urban shrinkage
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Abstract: As a phenomenon in the process of urbanization, the relationship between urban shrinkage and carbon emissions
is complicated. There are few studies to explore the driving factors of carbon emissions from the perspective of multi-
dimensional urban shrinkage. Thus, we constructed an urban shrinkage evaluation system from three dimensions of
population, society and economy, and used the panel data of 50 cities in four provinces of the middle reaches of the Yellow
River from 2012 to 2020 in this paper. The impact of urban shrinkage on spatio-temporal differences of carbon emissions is
explored by the entropy method, night lighting index, and geographic detector. The results verify that, first the shrinkage

phenomenon of resource-based cities along the middle reaches of the Yellow River is the most serious one, which shows the
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characteristics of “large dispersion and small gathering”. The proportion of population shrinkage is the largest one, and the
comprehensive shrinkage is the least sector. Second, the total carbon emissions increased from 2327 Mt to 3040 Mt during
the study period, and the hot spots are distributed in Ordos, Wuhai, Hohhot, Xinzhou, and Shuozhou. The cold spots
gradually changed from scattered distribution in Shaanxi and Henan to agglomerate in Henan Province. The total carbon
emissions are polarized and the number of high-value areas is small, but the value is large, and the increase rate is larger
and larger; the number of low-value areas is large, but the value is low, and the trend is decreasing year by year. Growing
and mature resource cities are the hot pots of carbon emissions, and urban shrinkage aggravates carbon emissions; Declining
and renewable resource cities become the cold spots of carbon emissions, inhibitory effect is strengthened. Third, the impact
of urban shrinkage on carbon emissions is complex, and the influencing factors of economic contraction have the strongest
explanatory power on the spatial differentiation of carbon emissions. Conversely, population shrinkage has the least
explanatory force, and the spatial superposition of most influencing factors will produce a two-factor enhancement. And the
dominant factors have changed from population and economic contraction to social and economic contraction. Overall, there
are differences in the spatial and temporal patterns of urban carbon emissions and their influencing factors along the middle
reaches of the Yellow River. Therefore, these differences should be considered so that the energy-saving and emission-

reduction countermeasures can be put forward and adapted to the needs of regional development.

Key Words:; urban shrinkage; carbon emissions; spatio-temporal pattern; influencing factors; the middle reaches of the

Yellow River
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Table 1 Comprehensive evaluation index system

H 5z T2 izt = Eistan. (%= A F5
Target layer Criterion layer Index layer Index interpretation Weight Number
AT Population PNEEY T WNEE s WX AH 0.146 X,
UNEE: R NE S S NEE ;3 0.322 X,
UNEE ) FAE NS R/ NETER B AR AR B MOl B 0.006 X,
2% Economy LK A GDP A3 GDP 0.061 X,
N B A T W B — R B A BB 0.132 X,
Zeyk GDP 8 35 GDP 4 5 0.005 X
ZPRH Ftol 2 B BB AER LA 0.016 X,
7L ZE A S =B IR/ 2 3 A 0.053 Xq
¥4 Society LR i} N T8 TR AR 0.044 X,
MRS PR BR 0.005 X0
FH7K A B 0.004 X,
FanAS7S A TE A AR IX A R 0.007 X,
JE BT W AR A BT 0.061 X3
Wi 25 [ 305 T A o X T AR 0.136 X,

X, : 3 X A 1T Urban population; X, ; 38 XA 1% & Urban population density; X ; 04 A FI#E 5% H The dependency ratio of the juvenile population
X, : A¥J GDP GDP per capita; X5 : AXIFBUSA Per capita fiscal revenue; X, : GDP #4353 GDP growth; X, : il 4544 Employment structure ; X : 72l 4%
4 Industrial structure ; Xo : AF4JIE BT Road area per capita; X, : BT KX 2 Gas penetration rate; X, : FHZK ¥ 52 % Water penetration rate; X, : @i
X 507 35 % Coverage rate of the built-up area; X5 : B EFF5E Living environment; X, : 3 117 # 5 X 1 AL Urban built-up area; “#” {4 7 M 3E 4R

Negative indicators
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FENIG, T At 2 G U e Al =R IR T 2013— Ezigz
2021 AECH B S T e T AR ) (b T R i S T AR
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JU B B, A B AN GE T R A B L 7E statal7 Hp
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Table 2 Standard coal conversion coefficient and carbon emission coefficient

1 R
Fig.1 Study area

LA
st A 3 Liquefied FRRR Tl i Sl KA B
Energy Coal Coke petroleum Fuel oil Gasoline Kerosene Diesel oil ~ Natural gas Electricity
gas

TR (ke/k 1.330 0.3450
IRRAAL (ke g? 0.7143 0.9714 1.7143 1.4286 1.4714 1.4714 1.4574 3 1o
Standard coal conversion factors kg/m- kg kW™'h

R R (kg/ kg ARifEdE
WAPHUR A (ke g PREARD) 0.7559 0.8550 0.5042 0.6182 0.5538 0.5714 0.5921 0.4483 0.2702

Carbon emission

1.43
(1) brifEfeib 2,
K AR 22 AR bR A TR AL AL Y ARG .
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R3 WHREESRIRE
Table 3 Grading standards for urban shrinkage

Wi 52 RN SR FE —
Shrinkage classification Highly shrinkable type Mildly shrinkable type Mildly growth type Highly growth type
e VY
rEWCRER SK<~4.4% [-4.4%,0) [0,7.5%) SK=7.5%
Comprehensive shrinkage index

1k % 468
APBEIER SK<-13% [-13%,0) [0,4.2%) SK=4.2%
Population shrinkage index
V2 g
FEiEL SK<-1.9% [-1.9%,0) [0,9.6%) SK=9.6%
Social shrinkage index
DAl s
LepRiARE SK<~7.5% [-7.5%,0) [0,8.3%) SK=8.3%

Economic shrinkage index

N QT Shrinkage index
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HER R ST, AR EBALAE 5 B AL R SR FEZR MRS Al SR TG ARk
1.4.5 PSSRk

Getis-Ord G, " 8 BUH T U0 HAT GETT 35 1k 0 v (L (PR ) AMIR A (¥ 50) B 23 11 3R 2. | e 8% THUn] B HE ik
S EA R R AKX (FU X)) MR R A X (¥ 1 X)) LA /e RS 7 B, A A S sk bk As 451

2 EROW

2.1 B SR T AR (IR S o SRR
WK T (3 4) , LA BT e /b, O R A& e Ui, N s ki i 22 . 250 ik
A B ZaH 2012—2016 4F, @ EEIRAR T 1 A BRI Y 3 1>, 2016—2020 45, & BEURAE 1Y 3 /> R
gAY 3 4>, 2012—2020 4F, = BEUCARBY 4 At IREZE G RO BB Z IR T A IS AR B oL RN R E A
S35 T7 Y B AR, 75 B R E A,
R4 ET RN R E B B R 4 R T AR R 4 S it

Table 4 Classification statistics of the number of urban shrinking in different periods and dimensions of cities in the middle reaches of the

Yellow River

i} ] BN 4R 7Y Highly shrinkable type BN Mildly shrinkable type
Time ity G it
ZEA IR 2012—2016 AT 2% VFETH  BIK T SR 2 6%
Comprehensive Byl A3k 5 I S 9
hrinkage 0062020 e 6% RN LN G T INE ] 6%
SRS Ak, .
022020 g ey 8% 0
INELLE . Lyl 122 22 AT SR ST S T
Population shrinkage 20122016 PRI 2% e AR SR VAT 20%
B IR T Sk Tl RV T AL T N T A RS
2016—2020 AR 2% ST T BT BRI RS IS 34%
UgiiNGl e A
X P R E T BRI Tk R T AT T
— i) ‘ 0 N N N ) N N A 0
L 26 il SR Ak R e 24
2k A8 DURTT 2 22T K T N T JH Tl BE AR I
Economic shrinkage 20122016 it 2% T AT BT X R AT 4%
. AT PRI R T A O AR BRUR T 9 BT
— & ;_\' i =1 % N N N ., : N N A ) ) A 0
016—2020 SRS i o e B S U 2
2012—2020 R R 4% B 2T Akl B SRR ST AR U 12%
AR e SRRZ Wi F R T B " PR — -
Soctal shrinkage 2012—2016 il EET T 10% kT G BT F T 8%
2016—2020 bk 2% SRR T AR B R 8%
2012—2020  SRAREHTT EA T 4% i 2%
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IR 1] 2020 AT e B SRR R R, $As IX 3 5 BB IR = 8 IR 1) 0 AR R IE A 50 i — B

N 20124 20164F 20204F

TeHERE
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Fig.2 Distribution of cold and hot spots of carbon emissions in cities in the middle reaches of the Yellow River from 2012 to 2020
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TRARTITAERIF 9 IsF BE A H B A , Lt A0 DXy 1 BOAS [ A B RN B A SR R 2 T B T = 2 i &
O R BE AT 25U i, 0TI BT e R A R A B 2 B W i, AT T T N T T R
PR T A H AR N SO PR R AT B T R B AL S A SRR L b T A R TR R i A R R YR
SRR A 8 R DI (] st 2 3 T WAL 1 B R DI 2016 ARV s X0 A1 A = 1Tty PR R T 1 PR
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Fig.3 Spatial distribution of total carbon emissions in cities in the middle reaches of the Yellow River from 2012 to 2020
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DX RS2 dpc i B AIE
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ARSCHEIU 14 DNFEFRYR A SR W 2 64T 2 UL AR 3, 43 5 2%, 32 FH b BRI 48 7 0 0R . B
2012 4 2016 4FH1 2020 A3 T A HEBCR EEAE BRSNS, 8 7 52 M DR - 5 B K 4% R 2 [ 32 BAE A [
P XoF 45 0 B WS 40 %o B TS et R S e 2R 4 1 43
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Hu PRERI ER 45 AR B, 14 DN EARITIE T T B35 AT (P <0.001) |, 15 BH 30 1T YAc 4 572 i) R 28 57 6 Rl 3 e
HEHA —EWRR ), & N IR IE 11%—64.6% (3£ 5) . 2012—2020 4E K FR43 5 Wi K 2 %R HE ik
SR AR R RRE H X, X, X, M X IR . XL 7E 2020 4 i B 7 BR 1, 2020 AR 5T XA FR 43
TR N SR EAERT N, X 5 ZFEOR M SEA TR R . X, 7E 2016 4Ef R ) BRIG , Z )5 N, 1+ = H
TR T X B2 I8 A X IR Te ik & R, ol 235 44 JF 4 R 3K (A5 B R R HE R = AR R R B, X, 7E 2016 4Ef
BV 25 BT RS DR 0 I X A7 5 R 2 S T R A, O B X, i B B fk . X, R TE 2016
AR I BRIE 2 05 X BT SR XIRAE 2016 45 A8 A 1 AR AR 22 K, 3 5 B b ™ 2R AF TR 1 R R %)
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Table 5 Detection results of urban contraction on carbon emission impact factor from the perspective of contraction

Ay FEF5 Index

Year X, X, X5 Xy X5 X X, Xy Xq X0 X1 X, X3 X4
2012 0.127 0385  0.225 0.595 0.527 0302 0.121  0.372  0.467 0.384 0.451 0.464 0.537 0.439
2016 0.170  0.441  0.248  0.646  0.464 0396 0.381 0.456 0.576  0.446 0395 0.168  0.353  0.458
2020 0.118 0.516 0.446 0.612 0.602 0.228 0.110 0.461 0.616 0.443 0576 0.467 0.615 0.457

45 Average 0.138  0.447  0.306  0.618  0.531 0.309 0.204 0430 0553 0.424 0.474 0366 0502 0.451

AT 0T 255 ] PR 3R Mg R ) R/ , 75 31 2012—2020 AEBRHEREEIY R ER X, X X, X PUIHE B3 F-
B g HART 0.5, Al LI ), S50 eH HE RS RS2 i iR, Ao Wi o R 35 38 SR T, N W& ) ik
HER 25 8] 3 S i A ARV E T RN - G855 R 2 O WS X 8 DR 23 PR PRER B A RIS ) e = 4
S AL BRI A4 A5 D7 TRIARAT — 2 B9 SR TRT R W, 2 T 0 ] 1 DSt R s o 5 N i — E R el 1 PR
&1,
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Table 6 Interaction results of impact factors of total carbon emissions in 2012, 2016 and 2020

;Ff: fj{i X, X, X, X, X, X, X, Xg X, X, X, X, X5 X
2012 X, 0.127

Xy 0.721* 0.385

X5 0.609* 0.585  0.225

X4 0710 0751  0.807  0.595

X5 0723 0.808 0.704 0.695 0.527

X6 0.566* 0.618  0.713* 0.754  0.837° 0.302

X, 0.253* 0.605* 0314 0.736* 0.781* 0.604* 0.121

Xg 0.618* 0.785* 0.606* 0717 0737 0424 0.557* 0372

Xy 0.638* 0.690 0.604 0.620 0.723 0707 0570 0579  0.467

Xy 0.611% 0.641 0460 0738 0713 0602 0518* 0523 0637 0384

Xy 0.584* 0.696 0.733* 0.632 0715 0635 0.733* 0590 0.587 0.614 0451

X 0.610* 0.600 0.604 0.611 0798 0592 0531 0617 0514 0634 0579 0.464

X5 0.693* 0.748  0.680 0.665 0.727 0.687 0.630 0.649 0585 0701 0718 0.634  0.537

Xy, 0555 0574 0513 0622 0673 0496 0498 0523 0531 0571 0577 0579 0642 0439
2016 X, 0.170

X, 0.717*  0.441

X; 0.494* 0.661  0.248

X, 0700 0.829 0.821  0.646

Xs 0.640* 0778 0719 0.736  0.464

Xg 0.501  0.652 0.614 0741 0.651 039

X, 0475 0654 0504 0766 0702 0579  0.381

Xg 0.550  0.617 0.748* 0.782 0717  0.581 0547  0.456

X, 0649 0799 0707 0714 068 0629 0611 0673 0576

Xy 0.541  0.687 0.792* 0.748 0729 0.660 0509 0.665 0.780  0.446

Xy 0434 0631 0618 0727 0671 0543 0585 0500 0740 0746  0.395

Xy, 0.469* 0.820* 0.281 0.805 0.655* 0.540 0.564* 0.651* 0.634 0.797* 0.506 0.168

Xi5 0.529* 0.641 0.634* 078 0703 0.681 0.677 0.651 0.664 0.638 0569 0.745* 0353

Xy 0.569 0588 0.691 0765 0.828 0.608 0557 0.540 0730 0.725 0.639 0.677* 0.691 0.458
2020 X, 0.118

X, 0.682* 0516

X; 0.571* 0.609  0.446

X, 0.690 0746 0.705  0.612

X5 0.696 0718 0.670 0745  0.602

X6 0.544* 0.688 0.696* 0.798 0734 0.228

X, 0.570* 0.682* 0.551  0.779* 0.731* 0.557* 0.110

Xs 0.623* 0707 0.614 0.672 0705 0.720* 0.701* 0.461

X, 0.601 0791 0725 0756 0778 0.855* 0.703 0.746  0.616

X0 0.593* 0.688 0.636 0.679 0.679 0.767* 0.736* 0.666 0.688  0.443

X, 0.677 0773  0.685 0796 0782 0748  0.794* 0.672 0.842 0.698  0.576

Xy, 0717 0.672  0.630 0790 0.780  0.795% 0.626* 0.622 0749  0.648  0.689  0.467

X3 0714 0767 0.679 0.680 0.767 0816 0.773* 0739 0.796 0.786 0.830 0.774  0.615

X4 0.656° 0.642 0592 0.654 0.690 0.744* 0611 0.616 0.698 0592 0.671 0.633 0.658 0.457
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W 5 N S B R T BRI Ak S RV R (] A S PN 05 N R 19 28 [ A8 LS M £ 5. bk, ot 552 6.
{53 KT 0.6, BABORAYSZ A, 31Xt 50 I BRAHR R i s 18] 22 S o 4% R L [RIE IR0 4528 HA R
SEH MRS WAE AR, N SRR 2 B SO0 I A HISCR A BRAIC , (EL R G Sk i Wi i i) i — 20
R, 2T Rt 23 ISR (4 52 e 0 b R SR AT TR e HE B P e A R

3 Fit5EW

ASCHET 2012—2020 AFEHCTAT HPiE 50 A 36 T T AR B, BRA T W0 AR T Btk HE T B S A Sy RN K B
R, B, AL &5 S = AR R AR AR AL 14 4,32 IR (E 2 RS2 A 70 SR ) J3E AN [ 24 32 3 i
WA I3 40 5 SRS AT R TALKT SCESCHE 005 W00 s 38 vl ke HE s s A B 25 ) 40 B 12 4 B T o e
TR A 1 23 () ARAR SR, d5ede , R M BRI 2 A S US4 A 3R T e HE ARG i R 26, 75 DL R 458

B — A3 B BT i T WA 4 4 Y AR AR 43 S = AN B B, B 2012—2016 4F2016—2020 4 Fll 2012—
2020 A, UM ISR IR (3 4) o A3 2 B AN R A IAC A IR A, N 1 IO R T e 22, FLUR R 28 T i 4 Y
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HE B 125 18] 53 S AR A v (DX I, S o A 248 %o s 4 o [T ] 308 T e 4 238 B0 AS [] DX Sl s e B o )
S AN RG] PRI DR 3 ) B R BOBHERS Tt AIF 5T DX SRR 0 W TR Ik Tl , 20 LA A = b 4544 | A1 E
D5 B2 R F O R I HEHE S Tt A 7 SRR S ORI 75 AR A b i 25 28 0% i v AR A R ARl 1 AL )
)&, GEAEAE, AR, BT, T SN IR T A S R G AL X T S B ISR BRI T R IR 2 K
W, AT WSO DX A, IR ™, 5 R AP T 4% o BR R, Sl BRI, HHE Sl i A 4nk i S B4 A4
T JRAEHE T , DA R AR HE T o 5 6T 325 - IR AL 4 348 % T () 3k Tl R BB 18 R i A A4 3k vl 1 7 =, BRI
HAT AR, 2 8 PR IR A PR RSk A 0 R R R s A R R de i A Rl i & SR A TR T, R B
SEA B IRE R B S | A BT A 0] BR R AR RS | SE 1 SE AR 15 50 Aslihne AE: 55 .
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