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Spatiotemporal evolution characteristics and driving mechanisms of
carbon emissions at county scale in Yunnan Province

Lin Zhifu, Tao Nan, Shan Lixian, Xiao Junji, Zhang He
(Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] Yunnan Province, as the core area of China’s southwestern ecological barrier, bears
significant responsibility for maintaining regional ecological security. This study aims to reveal the spatiotemporal
evolution characteristics and driving mechanisms of county-level carbon emissions in Yunnan Province, providing
scientific support for regional differentiated carbon reduction and the development of low-carbon economy.
[Methods| Taking 129 counties in Yunnan as the study subjects, spatial autocorrelation, optimal parameters-
based geographical detector (OPGD) , and the spatiotemporal geographically weighted regression (GTWR)
model were employed to quantitatively analyze the spatiotemporal evolution of carbon emissions and their
influencing factors. [Results] (1) From 2000 to 2020, total carbon emissions in Yunnan Province continued to
grow, increasing {rom 93 million tons to 273 million tons. Counties such as Yongren, Fuyuan, Xuanwel,
Anning, and Zhanyi consistently ranked among the highest in carbon emissions. (2) The spatial distribution
exhibited a pattern of higher emissions in the central and eastern regions and lower emissions in the northwestern,
western, and southwestern regions. The Moran’s I index decreased from 0.338 to 0.219, indicating weakened but
still positive spatial autocorrelation. High-value and low-value regions showed distinct geographical adjacency and

stable spatial patterns. (3) In single-factor detection, the output value of the secondary industry (¢ value of 0.334 9)
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demonstrated the strongest explanatory power, followed by elevation (0.308 8) and the output value of the tertiary
industry (0.194 1). The interaction between two factors exhibited a nonlinear enhancement, with the interaction
between the secondary industry output value, population size, and GDP being the most significant. [ Conclusion ]
Yunnan Province exhibits significant spatiotemporal differentiation characteristics in carbon emissions at the county
level. The main driving factors of the spatial differentiation of carbon emissions are the output value of the

secondary industry, elevation, and the output value of the tertiary industry. Additionally, a significant synergistic

effect is observed between topographic conditions and socioeconomic factors.

Keywords: county-level; carbon emission; spatiotemporal evolution characteristics; driving mechanisms;

Yunnan Province

2128 DIk, 4 BRI 30 B0 0w I 7 IR Bk K . R
Sy A Ek A 2R HE R 2 — b I RR YR I 7R 45 H Xk
A Re R AR R T AR A . AR ST E T 2020
AR A I R S 0 SR XU H AR Clil 3k 1 ik
Do ALK — B AR, BUMF E R BUR 51 Bk 0 HE 1
it , 3 B9 A Rtk — A BA R T 2035 4F i 52 BB I 06
JERE NG R B Al R I
WS, 1A HE A A R R0, e s [ s SRy i F 5%
RO AR AL 2o 22 Sk o BB AR S SO iR Y
K ST (B T W, A 0 Ul R v LA R R AR
PRI, R ) AT B 3R (%) Al HE B 2 4 DRy B IR B
B, XoF i 2 Bk 2 f Uok 1 B 5K 4 3h < LR B B 5
WA ELEE L,

R, B HE R T A R O R . R A ST R
FELE RAHRZRETER Z2EAEXEY 4
BT R 2 PR A BT B R X S, B 5
2 EEWh G 37— S BRI B O, By
VR AL HE R BOE' | A A A R T R O 1
Y IPCC BB TR TH AE IR AR COLME L I 3k T
DMSP/OLS 3 [ kT 6 %5 128 J8 B He 04 52 38 7 1 45
TR R HE T s 9 AR R AE 7 1T, R R A R A 5T
Se ZEY EHE A  GTWR B AL LISA B
[i1] % A2 RIS 2 RV EE O bR v 22 M I AT = R
e HE i 9K s ML Oy T, B aE b B g AR
STIRPAT 5 H1T LMDI #8200 B A -7 H vk | H
FE BN R A B S BRI AR SCHR L T B S
¥ ABAEE— AT . (D) R R Z 4 T
PENEE /SN SPOR=5 E X SUNNE- 5 S
L 5% b 358 43 A AN A, LA AR 350 2 8 3k T AR o ot
K S T AP R KGR M X CRE R &
B B SR 58 D6 FE A 5 (2) IR S AL A R T SR
PR —m s gefE, HERETAEFFREAKE AN
FURE IR R P g5 A R S R S e IR
R MR R G A R R I R Ui H A

SCR A S 7Y 1Ly Hb s TR TR 0 ph R s R G,
iR R T 2 g A B R e HE 9K s AL
MIWFFEHELE | S B A% 42 0 =Ry BIR , i 412 4 i B0
AR B Ak A IR BAIL ]

=MAERBIET 7RI KA, T ny 5 5t
R L EL A e v 1 e HE O T o IRI B, = e b Ak
FE] 7Y g A 2 B A% 0 X, AR AR S ORI HE K S 0
RE VR & 4R XM R SR I 45 2 I g, FE 4R X I
AR RMEHBETAL., BT, AR U=
R 1294 ELBCH BF 98 % 42 38 5k 5 1] 3 AH DG TR 51 ke
HE 7 DX B0 AR JRRRAE |, I R ] 2 80 0 38 2000 2%
(OPGD) F if 23 1 B fin AL [ 5 (GTWRO B A | R 48
PR 9T F e HE A 3R S AL, LU A ) 28 )R TR Hb X
) 2 AR TR i Dl HE SR s 42 BE R A AR A

1 MRSk

1.1 #MREXEHR

=~ A (97°31'—106°11"E, 21°8" —29°15'N) ,
6] PR = B, 7 T v [ 7Y R 30 B T IR 26 B N B b
X, BT AN 39.41 U7 km?, 24 5 4 [ [ A T AR G
41% i H e EE N, EHEER R =8
e E BRI XA RFAE AR S SN LT PR A AR L b
S0u)npE LA VRS S 40 e hl R AR . b
JE LA J 1l ok 35, 1 Hi i FR 34,93 5 km?*, &8
BT R Y 88.6 %0, AU EB A T L i i R RE R A3
A b B 25 K M R B S B IR SR 22 6 000
2K, M 1 P AL ) 2R P A B R IR B e . AT X A
AL 45 16 A Hbh 9 A7 BL X (817 (8 M), T ¥ 129 4~ H 9%
BT (X 164 B9 1540 B AR
984D o MTAE R, Bl G VU ER K IT K RS (Y 52 it 5 4
HE 3T Al R AN B R, 5l e R A Bl R i e T
KRR URIE R B R LT,z MR i 2,
0l 7S (B AR R 2R g 5 X0 R T 22 S i HE Y 28
STIEZ 0 g o ) [ S A (R T [ QR



266 P i O S )

33 %

R 2 BTN N | N s P R e B
T 11 Py K 8 ] A
1.2 #HERIE

AR SCAH Y BE U UE T 2000—2020¢ = A
GRS 5O B AR IR e AR 45 ), i HE RS UR B
L E AT MK B (NASAD 5 H AR EEA1F 55 BT (NIES)
15 A WF & 5 ODIAC (Open-source Data Inventory for
Anthropogenic CO,) & 73 #F 38 4 BRAL A K COL AR ik
BOHE AR B A AR B R S X R B AR E A Y
B HE R A HE RS E S AT R C R E BRIz A
AP oAb 2 28 TR BCHE AR N TR AT | Rk Ak R
GDP W B 32 iy . — = =" {H 5 8 A A 2000—2020
(ZEAFITFEPEBBEI S MERZ
U5t o B GE T i AT BCIX ) B B R A
Rl S B A RS P 6 B 2R (R D
¥ ok 1 b B 23 6] BOHE 2 30 moKS Y BT AR
B U S T B IR S5 1 A ASCHE DU 4 B B
OpenStreetMap - 15 -
1.3 WHRAZE
1.3.1 =gk z50H HHCE R ERS
B R E ST 7k, EE W Moran’s T8 500
JE AR 48 X3 1 A AR DT 48 s A TR AR B M 5
S JBRRAE I U500 Bk HE il A5 b B G2 11 5 ) A R AR
Ko R YE A [ R BER A, 25 (8] 3 # 2C 0T 4 Ry & 5 #
JREB W . Hoh, 4 Jmy s 8] [ OAE OC T R AEAF 5T X
P9 P AT U D () R A s R A SR ARRAE 4 R 5L 2
FEH L s R Y

"22 W,-]-(I,-—f)<xj—i>

i=1j=1

I, (Global Moran's )=

(1)
Ao o BRSO GE so A 2 oh BB ST R R B
HEsl it s W, ok br Ak 19 223 (8] ASCER 5 B 5 1, HU(E v iR
[—1,1]. 41,08 3= UM 8 52 80 4 3 %) 25 ) E
FHOC CHPAE ), 1,<<0 B 32 7R 25 (] 7 AH OC CRP B 80
T,=0 W 75 (0] 73 A BEAL . SR, 1, AN R 48 7 38 IR 1
PO BT BARERAE  HILZT,
Joy # A5 H] 1 AH 56 AN A RE A 1 5L e 25 TR 4R R X 1Y i
B3 A A RO TR X Y A (B A s R o R
WS L PR L Foow B A

n(xf — 5)2 WI,(IJ- — I)

E (2)

s S 7R F A7 5 3808 S0 Bk HE s 00 {EL 9 A 9 2

I, (Local Moran's )=

HAbZHE XS EU—%. L B EEaR)E,
AR AR B 4 Fpas R OCHR B : m — R R R
(H-HD 5 16 — i 55 58 (L-L) 43 51 R AF A0 [ B 545
Bl DX ol v (B 5 AR A [R), =3 X o 28 ) IEAH OG5 e —
% 4 2R CH-L) FIAR — o 42 28 (L-HD | 52 B A% 0 — 3
2% 30 23 0] 5 0 SRR AR, 3 38 Sk 28 [R) B A 6 .
1.3.2 A3 ERMEENE MBI ZAE R —Fp
2 ge it TR BB 4k 22 X 1 8] 1Y 52 58500 5 A
A, BT 48 78 B HE S 1] 43 S A% SRy S BK Bl AL I o
SR, A% 48 J B 78 2E 47 5 ) PR 25 1k Ak 3 I o 32
ESSUNS R/ X - T SN ¥ kg R |
T B AR 2 8 EE R (Optimal Parameters-
based Geographical Detector, OPGD) & T %5 8] f . 4
BLEC L SR R LT ] B AR o 223X 5 R 3 2807 1%
A DL H B3 1 g (B B B S8 G T is 55 X
O Ji BEAE TR DR U R VR RS R b E 2 3K B
PR ) PR A 2 ) 43 S R O R T BR R GR
W BEo/L = S
1

g=1— NJZZNWE (3)
h=1

s g A IR Bl B Y 38 BN A, g BU(E 1 LA
[0,1], g fE#EK , F7R 1% X PR AR B 14 5% i bl g =%
h=1, e, LACRE F 1 53 J2 880 N N, 53 548 B 58
X3 R BE AR B A 12 F KSR B BE AR B, & Al o)
O3 IR I 5 X T 22 (B AN SR b2 T IX I T 221
1.3.3 B mAw A AR WS B A S
(GTW R AH 4 F i BN AL I A AL AL (GWR) , H
2 0 FAAE T 51 B[R] 4 BE | [R] B 25 % 25 (6] R0 Ja]
(0 Al SRR AR I3 T 40 A 20 2 T AR B L R A
RUEAR S Bk 22, 32 TH BB 45 SR A AT Sk L
PR T

P
y:ﬂ()(%» Uis Zz) + Eﬁk( Uiy Uiy Zi>X{/c + €; (4)
=1

Ay 55 A REA B HE TR 5 a0, £) RARFEAS 1114
28 AR R 5 B0 Cayy vy, ) R ARAEAS @ B HEE 5 By v, 2D
FRFEA 2 K2R A 09 101U 2R 05 X R R REAR i v
S DR 2 8 WL AL 5 ey BEAIL R 22 01 5 p O fff R 7
R

2 IR0

2.1 ERHEALET E)E IR AE

23 CR 1D 2, 2000—2020 4F = 75 4 Bk HE
S BLRE K AS A A 2000 4F B9 0.93 12 t 45 K
2020 4F 1 2.7342 ¢, AR B 1 29 0.0942 1, B 3G K R mE
A R, 2016 4 fcHE LT B P 08 A B, S 4 =




%2 3

AR 45 ELIURUEE TR 2 T A8 Bk I IR 22 9 A AR A 3K Sl BL i 267

PEAER AL 14.8:39.0:46.2, P REREIRE W L T
R 3.2 4 E 43 s, e rp AR I b 3 o S v R
M SEPLBEFEFRAIC 4.3%0 , &4 M GDP 4 Ak i HE
OB BE R R 41 % ARG BT = R R A
’ﬁﬁixﬁ(o HAR B4 B 2) ok VLR

T A5 A Tl B s 24k T HE R AL R DL
Aﬁﬁﬁlﬂd&ﬁﬁﬁmo R B S THRE &
BEGEVR, TE R K B AR T 7=l B £ B R IR )
Tk A1 32 S MR B i s HE R A 5 A B R HE
F 5 AT A v [ BE IR S SR i AR
Pl B R I A A HE O R A i 22 el BRAR Ak
TR I K i e T Ky sh Bl Bl T R K, 2 N

P\ w/\

250

[\

(=

(=]
T

T HE T & /1Lt
S o
S o

W
(=]

(=]

ZE&:Nesz B S BT
T momns

L .
6 E A5 HE R
Pt —
&5
X8
o 4
.\.\4.3—
=
B
1_
0
OS= AN FTVOEVRNOS ~ANNTFNONS0RND
SO0 00000 D = = = = Q
SSSSSSSSSS00000000O0O0O0
AAAAAAAAAAAAAAAAAAAQAAQAQ

El1 2000—2020 & = 7 & B HE A 2 AT E) ZE 4L
Fig.1 Temporal variations in carbon emissions in
Yunnan Province (2000—2020)

—— 20004
20054
—— 20104F
20154
20204

f\ ﬂ\

A \ - A

miﬂ_lEmﬁﬂlﬁmﬂmﬂmﬁi’émm&ﬂﬂémﬂﬂﬂd%mﬁjﬁmﬁUJKEDJKEEWEI_Il_l\i,mﬁl_lil_lmi@ﬂiﬂmuDIKEMHNEHWMWU%WMUEWWMWEWWWWWWWWWWM
- B R RN B K SO AR = B R0 R g TR = ST 0 - I RS (T R R R - T T T Rt B B R SR B GO (D S LKA T it
mﬂlﬁﬂﬁ-l«&ESRIH-KE#R%EIHﬁ%&%ﬂéggﬁﬁi#%ﬁsmwﬁv{ﬂﬂﬁmmﬁ%—ﬂ-ﬂﬂﬂﬂE{é—%ﬂﬁmf&mmmmL4ME&\§>-DIHIM§\HFE[M&@M&BQNK\‘J%&%M

K
g Lt R

K
HE ¥ OEEN K

i3

HEK &

LIgITE - 33

o mi e B OEF BORgE &
i I RE B R R omELH B
£ e H 2 Be &

th

H

B2 2000—2020 F =& &S EEHBEHEMET L

Fig. 2 Variations in carbon emissions across counties in Yunnan Province (2000—2020)

2.2 FRHEALE EETHFE

K 8K 18] W7 A5 4 9 ik ok B el e HE i 2 R 20 A 5
ANEY R (<250 1 O . — M (250~500 J5 O HEE
(500~750 7 ) ¥ £ (750~1 000 71 ©) Jz # i (=1 000
T O, GRFWE 3D, 2w 48 B HE R 2 (8] 43 5
FRAE .35, R B 0y v AR A, P AL 7 ¥ A 7Y R
X IR XA . BT 5, 2000—2020 4F 7Kk A VE B
R AR LT SRS EER, ®
FLF B ity o 77 T 6 v g LR R L AR 38 0 T AR AR
BGEIRE R IX, B K T & AL T 3 S
FEE AR R 5 AT AR FE G AR, A B 2 T g
T, EHL 1 Ui b Ak ) e BT R LR ) o RE B L v Rk
B3 A% 5 T TR AR S 4 N ) B AL Tl (B
T3 A R b AR 5 I B e B AR Ak A R R T AR
T2 B AR A Kk HE . 2010 4F J5 KB R
Syt S BUME S S A Ak A R HE T
190, 3X — B4 AT R85 24 1 2 7 44 Il B Ak 0k 2 3ok
R e 7 b TH A G, v 6 AR L Al i T 5k M g ad

Wy it 5 SR U A Al HE T 1 O o AR HE R DX R
DS AEYL PR LRI v A N TR A B,
ﬁ%%ﬂ?&ﬂi&&i“?ﬂﬁﬁﬁ”,J\m%&rﬁﬁ,HEE
77 HERR LK ) A T e HE R AR X D

221 4 AEEAMESH  2000—20204F = A
=R e VR T Ol [ W1 o S N o
Moran's T35 5034 A 1EAE (36 1), H 3438 0 B 3 M A 56
(Global Moran’s I™>0, p<<0.01, Z=>2.58) , 3 B ¢ 4k
CHE A B Y s (R AR R RRAE . A5 ()4 A b, e HE ik
e (B 35 e HE (R B B A% 1 0l s ] 4 G
O3 A A& R 5 B AR AL JF 1, Moran”’s T4 %M\ 2000 4F
0.338 [ 2 2020 4F 0.219, % B & 4k 5 8] 5% HE 5 A7
TE 85 v DB, H 2 [R]85 5 38 i a5, A i e {1 IXC
S ) 4B v R S AL

222 kBIERAMES>N NERABREE R
B8 Bt HE R R G Bk ME RRAE | 2% 4 i2 H GeoDa 5
ArcGIS 4, 2] 2000 4F . 2010 4F 2020 4F LISA %
b IR 4, 52 G2 il At H Jg 38 5 1] 43 A B o (1D



268 P i O S )

33 %

HE T v 1 X CEL ) 23 [ A% Jm AR DR B AR E L B0 IX
R O 2 B E RO e IR B XA A
Do 32 XK HE 4R A R0 B R B, T R TR R
G A TAF AR RE 7l AR 3h 22 e S K, Iz
Tl A J B v 5 2 I B A Sk [R5 Bk ik
R B (2D T HE IR (B 4R R X 1) =5 ) 7y
A IR B R (R B s 3, R T

oA B X Cn o i B 4w s B R B K v
T 8 BB CAn Bl 1 D e R 4 Sl B oe B
SEESRE X, R AR R B A A A G AT RRAE . 2
FR T B4R M R 2k 1R DX B AR S R P BUR 20, X
S i [X 25 B A AR X 7 ol A5 A LAUA AR
F, B = R T A AL DY 0 < 30 4 5 F A
4 5 HE K

20004F 20104F 20204F
N
L B ' A A j T
A B F xr xt- iy
O n i DO i hg i
St ey S ERL it sy UL
FFiE Wi i i i

0 120 240 km
IS E—

2 BB R — AR R

o BE B HE i

N s B =R

B3 2000—2020 F = & & B im i HE 5 2 18] 43 7R 451

Fig. 3 Spatial distribution characteristics of county-level carbon emissions in Yunnan Province (2000—2020)

F1 ZEHE2000—2020 FEFE BN ERE=ZEH
Table 1 Global Moran’s I index of county-level carbon
emissions in Yunnan Province (2000—2020)

A0y 2000 4F 20054F  20104F  20154F  20204F
FZHEE 0 0.338079  0.307297  0.247329  0.239502 0.218646
VAL 6.513099  5.930941 4.861357 4.893882 4.373243
plE 0 0 0.000001  0.000001 0.000012

2.3 WxHERLIRZh S 4 R

AR SR S B A BRI 28 (OPGDD 25 5 %
I 19 T SR BUME A 2 7 48 Hb SRR AL R B 13 AN 9K B
T W AR 54 S0 2 4R | R (X)) I
BE (X)) N PR (X)) VB AL 3 (X)) \GDP (X)) 4t

Frul & 20004F

piiEzs

B
h
i

B )11 SEB B )11
i*ﬁ?ﬁ o i?_t—rﬁ

g

0 120 240 km

| IS |
| RGO
1 ~EE1S) B 57 2) 1 AEE115)
I #-#6) I #-1%(0) B #-#(S)

20104F

23 TH B B BB(X) B (X)) B — ek
5 (X V55 7l = M (X)) 88 =72 b =l (X)) LI
5 B (X)) e B (X)) IR 55 B0 %5 3 (X)) o

PR PRI 45 SR R (L 5AD 88 =k A (g =
0.3449) X Bk HE 5 2 6] 43 5 00 ff % D0 dic ik, =i 2 (g =
0.308)RZ o BEJFAHRK S =7 P (B (¢=0.1941) |
55—l R (¢=0.1929) B 4E 1L K (¢=0.1928) |
GDP(g=0.1823) & ¥ [ (¢=0.1356) . #2374 2% &
T BN VR U BB S R 55 1R it % E X Bk
HETCIS B — € B )1, g {53 93 9 0.095 4, 0.093 4,
0.079 0, 0.057 8, if % % J& (0.019 3D Fl 5 & % &
(0.018 O fiff B¢ J1 £ 55 o

FIE

>z
i
=

| EEEO) 5157
B f©-EG) 1 AEE114) &R G3)
B #-1%(0) I #-EGS) [ #-1%0)

B4 FEB% 8 B X-LISA B E

Fig. 4 Local spatial autocorrelation-LISA cluster map



25 ff — > 2y 4 —I
5 23 R A UL R 2 7 A 0 HE IR 4 A AR AE B B Bl L 269
X, _
ABRT i X B XHMAF Xis
B : 0.6331 01304 X,
0.0749 0.1072{ Xll
X 0.5215
.~ 3 0.2176 0.2700 0.3346{ AX'10
K 0.4098 0.4032 0.3741 - X,
% -0.3202 0.232 0.3475 XB
1 0.2982
____________ ‘I )(4 0.4006 -- 0.1157 0.1545 0.2836] )(7
:' 0.1865 0.2871 --- 0.1526 0.2226 0.28064 X6
:' ---- 0.4069 0.2241 0.2807 0.3114 XS
‘ x 0.0748 03979 0.3997 0.4005 02734 02146 0.2485 034131 X,
of 5
R -- 0.3857 0.3531 --- 0.1234 0.2639 0.249H )(3
‘,’l 0.3759 0.2940 ------ 0.1601 0.2137 0.2466 X2
03420 03520 0340 X,
X

XX X X X X X X X X, X, X, X,

qfE

Bs5 BEFNZXEEFRUER

Fig. 5 Results of single-factor and interaction-factor detection

50 R 0 AR B, B A8 R 4 R R
(I 5B T A 28 B IF 7 fif B ) 1o 2 1 i, 1 S AR 2k
PE 3G 5 BB F 3 . BRI R (XD B
(X4 95 0 0 MRS (X)) kE 230 20 5 28 B
(X)W B (X)) (3 B %5 (X)) 5 X%
(X)) B AE HAE R I AR Ze vk 3 5, 7T LUE ) B
PR 2% 5 2 22 0 IR 3R 3 [ 40 T X6 Btk Ik 5™ A= P [ i
BN o R A S B R K HF (X—X ) 1
2 H AR FH ¥ 2 B0 1 8 a50n; , H b DU ERRE (X))
5 L P E (X)) GDP (X)) 5 W B (X)) .
GDP (X5 555 Z ™ ™ i (X)) 52 BAE e 58 i
gi b, = A B HE S [ A S R OB S N
LA 2% K B AK S GDP & 77 b 45 ¥y 45 22 % 2 Py )
(BT
2.4 FRHEA & IR B FIRBh R = B R RE ST

YT 2 WA IR SRR AE RS 2.3
RSN SRR EE SN GNNSR0S N
W 5 SR FH B 25 b B I S 8 (G TWRD |, 36 BUES
= A B = GDP K& N RLREE R
B3R s K7, i — 25 8 78 2000—2020 4F = 7 A E
I e HE O Wi PR 2 AR s ) B 4 A 22 5 (B 6) . 4
RWoR, BT = 548 e HE i oK 2 [ 52 80 W
E N R R T O = B () RN E TR S S
AR K Bl 5 ) P ] R A R Y A
=l 7 K Sl O 1 23 () AR A H YE R — TR AR — T
AR b b X5 53 B D a1 3B , GDP Y 3K 2 8 0 M TR
ARAb—E b —TE AR b X5 RS it N 10 BB X d HE
TR B Sl A TN 32 B AR T e = A AR L R B
AL 4% .

CLD 38 ™l ™ 6] e HE Sk 85 5% i 3R 430 EL 3
F AT TP VG A6 X BN AT AR

LT 45 R Ak L) 2 X M Ak T T 5 B B0 E AE
4% MK 3 000~4 000 m, J& T8 PG A= 25 B e K« = VT IF
Tl S A S DA BERE R GO Tl ok L B
AL 77 (B HE A R L WO S e R K . AR R
FR 2, T A1 R 11 B 4 AR Wi 1 0 X L VG iR Ui R BE 2k
U TN VT | R S5 2 4 R Ui b O 28 T R R BT Y o (B
X, 7] RE 55 7 % U % G £ I O it T OR A G .
M Z T E R R X HE 2 58— = b= {E
1 5% ) R B R AIG , 225 ) o0 A A W 4 a3, b W 3L
Al 5 48 3% 5 Akl BE AR B L (2) B = Rk e
Xt 2 B A HE R Y R e R R S [R) A R AR Bl B
F L F B0 1 DX T R — AR — AR b b X
A1 T 1) S B, 2R B EL IX sk A 9 P b — P —
PO G AE o AR TR AR M X HG ity 35 Ao T 4
SO RS2 5 =07l E 3 R EGE AR B
Ji PH AT R = N T4 B A% T B iR 55 T SR T sk A B
5 =l i R . TE DS Ib TE VY LT DY e DX R FHE
JBCAZ 5 = B 5 ) R 00 A, R AR =l
K JRAHXT A IS, R AR R JE 0 (3) GDP Xt B 38l i
HE R 14 5K B R 2 8] A Je AR A K, B AR X
BN AR JE— A — AR e X R RS 2R BRI (E IX
R R E E R X BRI AR IR B
Ik K R A B —  GDP 3 K K RO R AR R 4
FEAE R 5 URIT R I E L AR FE AN
e HE T R R S, BB AR T S T A TR KW
SR, DRI Al A R A X 4 2 o TEL v Sl T R XA HE T
Z GDP 52 i & B2 T [ B b, 37 3 DX & R A5 X
B OJF G E R AT RA SR E (D AN
FUASE T B HE A 3K 20 A FH A7 7E b 35 b B 2% S5 AT O
R EEX IR E NS T B, HERE —ER
et X R . BT W38 il o 1E Sy 3 R X



270 K+ PR E 5

33 %

B, T B B Kk S RV R KR KCE SR
LT, N T A SR A o e HE I % 1 Bk TR RE A
BREH . ZER TR T A Oy — 2 Tl

ZREPEE =g
20004 20004F

2R
-0.014475~-0.009248
-0.009247~-0.006007

—1
1
[ -0.006006~-0.002196
.
[ |

5] 19 & % ]
0.014475~-0.009248
0.009247~-0.006007

1 -

B -

I -0.006006~-0.002196
I -

|

-0.002195~0.001552
0.001553~0.008327

0.002195~0.001552
0.001553~0.008327

20104F

20104F

EPZES EEZES

[ -0.003741~-0.000901 [ -0.020550~-0.006297
[ -0.000900~0.002293 [ -0.006296~0.001506
B 0.002294~0.006491 1 0.001507~0.009461
I 0.006492~0.010932 B 0.009462~0.015426
I 0.010993~0.025116 I 0.015127~0.021341

20204 20204F

0

EPEES 3 ZPEES 3

120 240 km
| S —

e 2 T - O Al B B 5 A 55 R
W TR AR IR B A5 A K R AR 5 B R AR
A Joi 7 A B[R] TR

GDP AH
20004F N

\i A
Sl
Fals

%

L

5] 19 & % ZEEES
-0.014475~-0.009248
-0.009247~-0.006007

1
1
[ -0.006006~-0.002196
|
.

-0.014475~-0.009248

1

[ -0.009247~-0.006007
[ -0.006006~-0.002196
I -0.002195~0.001552
I 0.001553~0.008327

-0.002195~0.001552
0.001553~0.008327

20104

EEEEX 4

[ 0.020550~0.036938
[ 0.036939~0.049882
[ 0.049683~0.059871
[ 0.059872~0.068455
I 0.068456~0.077299

n$§)

i
850

EEEES

[ 0.011959~0.015494
[ 0.015495~0.021498
[ 0.021499~0.028467
[ 0.028468~0.035235
I 0.035236~0.048648

20204F

L
”‘«? 3

20204F

L
ALY
k’:‘i b

e

e

0.002710~0.005742
0.005743~0.007692

0.009476~0.011011

[ -0.000103~0.005586
[ 0.005587~0.011925
0 0.011926~0.017694
I 0.017695~0.021892

1
[
I 0.007693~0.009475
[ |
[ ]

0.011012~0.012650 I 0.021893~0.029073

EPEES EEEES 4

[ -0.109068~-0.080456 [ 0.014934~0.041365
[ -0.080455~-0.040387 [ 0.041366~0.064970
[ -0.040386~-0.020864 [ 0.064971~0.090683
[ -0.020863~-0.009541 [ 0.090684~0.127077
I -0.009540~0.001411 I 0.127078~0.169480

6 2000—2020 FHE A F IR E FHIE AR &

Fig. 6 Regression coefficients of driving factors of carbon emissions (2000—2020)

3 0

7 M 48 o T P R 0 2 5 B s T 2 L
Hu A5 3 SR AR L 7E TR 5K KR 5 X R % T A e vh L
% T 5 R L LK R R R 1 1 4 G
R P Bt B 3 S % R 3 WL ) A
8 0 (8 . 0 5 T 2 00 L BB I 5 7%
e 7 B TE , FL O R B e M 7E DL A 2 R

JE IR 5 rh R Bl 2w AR 5 0 Dl b R R Y S
TEAR A

2000—2020 4 == 7 48 B HE W0 S i R 22 3G K (A 1Y
MBS X 5 M RIR IR S IR & eSS R 4 A
AR T AR AR S R e rh ] L SRR ) 2
G590, AT K I = B A B Sl HE 2 B AR
1o P P R AR A ) A R RR AR s R X AR
HOAE R R R I AR 2T AR E I AR E X A A AR



%2 3

AR 45 ELIURUEE TR 2 T A8 Bk I IR 22 9 A AR A 3K Sl BL i 271

PG AC o7 1L PR S PG B T AR, X E
I ¥ SR I G5 e AT o X B R A L IR T R
25Uy T SR L e AR R R 1 e HE BE O
Hzs i) [ AHOE Moran's 13 R 1E (8, 5 4 SC B B R
MREGER - . ~mE B He R WE B0
5 — i (H-HD AR — (R (L-L) =8 W E R L . it
Hh, Moran's T 4§ B0 4F 38 W, 3= W] = #4850k HE
Y 2 (A 4R R PR E R 2 59 10, b A b R e AR
FIGE I3 AU b DX B SRR A 450k 18 e L B A 5
ZERH—F

TE e HE 55K Bl AL A b O T, AR R T 4R AR
AR T T B AR P — DR Bl HE A AR S FE 4 e F|
25 T A8 e L b S R A R 4 AT i B Y b AN
SCHR R4S B AT J& 1, 7E 2 O RS AR B Ak
GDP . —Z = At S a0 N 1 i 6l L, 605 v
MM A e BRI RE I R U IR 5 1Rt
SRR o Jrik b o v A% G b PR 2% B HovE 25
T fig R 7 55 04 Jmy BR 2 AR 5% R FH e 1 5 85 b B )
#r 5 GTWRAE B AHZ G 19 Jr ik o 7E9R 3l A 1 i g )
JETET , R A A 5 00 B 42 36 5 R R 1 B AR Ak
M 5 48 o B HIE TR S M 55 o SR AR SOk BRER
v FHE R 2 e A B Sl HE R A A R ) e, R O =
PR = R IR A R RN B R o R A
JE 5 A A 22 B ) S AR R R R I 2 SR
BTl A O T B 5T R A ke L
KAV B SR B ) B W R i . BiRR], =
T A L U I T3 v 2 R B M b AR R I B 3K
L St s g pr RS FAE AT A5 R . PRt PR A
B EHEL IS, = F A 7RG 25 A SR 5 iRkl T
R I EE A5 [N 3R 1Y) 22 B

18 MAFRANAEAE DL AR« 32 BR 7 B 8 58
AL AR B CHE BCECHE 32 U B AURUE O B R
I, R 5MA MR EHRER - HE
BB M RRE MR IR AR T o SRR 5T T 5 IR
NS A R N E R ARl 5 R R S,
DA B AR b A 27 it it FH G 5 058 45 0 AE e HE JBOUR K o
A A S 7l e E R S UK B L iR L5
I8 S 15 Bl IR DX SRt HE ™ A S e i el i Ak
X BB B (14 568 5 I 45 9 X R HE A 5K Sl P R R
A5 O T A SE 5 ) o

4 % w

(1) B HE e 18] 36 28 58 0K 5 IX OB 1k
2000—2020 4 2= i 48 ik HE B, B R G K H I KR
L, AT VEIR CE R T O RS K AL T HE T

Lo Frb B DR B AR R R 28 B AT AR Y

o B Al B B HE A b T kA B B2 S ARl

e e HE R e ARl AR AR ik Ui T K 4 T B Rt

it KA W, I 22 S A B0 Bk HE O I A2 o
(2) BRARM S 8] 73 A A A 2 25 R A 5 2 ek

4 B OB HE T S B R AR e o b K v e IR

4 23 18] 7 S AR AE A7 7 25 28 () IR AH G, 46 R B

55, AEL e L DX R R T T D AR (X

Gl R VTOATE DR A7 B8 R 1Y 25 [E) 4% Jm o o 1 DX AT E

Je MR IR i E R v RE RE L B LR B AR XL IR

(L DX ) A R 32 3t B3R 555 5 A 25 O R A, LA A bR A

by 3 AR AR B R JCRFAE
(3) 7k 45 #1522 [N - 52 19K gl B 3l e HE ik s

)73 5 o S8R 0 BRI 4% W, 58 "l H (g

(B4 0.344 9D 2 Bk HE A AY Fe 5 B 5 A 7, g e L5 =7

55 A Iz, B 732 BAE 3 1 o, i

WP SR At 2 PR B R A O AR ALE . GTWR

PE— 20 4 75 BR Bl [A] 1 18 43 8] 5 o P < 5 7l e (EDR

TP P AE SR e T 5 = (K B AL

REFE N AR R 6 E AR HZRAEE R, GDP 9K 8l 5 S

R PR T YA g DX 3 i R e i IX Sl 3% B RP AR, N

RS X AR B i ke ) 3 B STk B 4 B, DU

LR IR 5 7 Tl AR Sl A 1 A v BB IR 2 25

R A 77 Ml A Jay 180 R ) Bip ] 18 56 2500

£ 2% 3k (References) :

(11 E/b 80, s, F R ol [ E Bt i 2 3 %
M R[] M 2E 4, 2021,76(12) :3103-3118.
Wang S J, Xie Z H, Wang Z H. The spatiotemporal pat-
tern evolution and influencing factors of CO, emissions at
the county level of China[J]. Acta Geographica Sinica,
2021,76(12):3103-3118.

(2] GkMgHEE, 2507, 90 7" ARt It =48 Bk o A1) e HE i sf

GHE I 2 R #0561 K L (R A 2024,
44(6) :366-376.
Zhang M X, Li F, Guo C N. Spatial-temporal character-
istics, influencing factors, and decoupling relationship of
carbon emissions from cultivated land use in three prov-
inces of North China Plain[J]. Bulletin of Soil and Water
Conservation, 2024 ,44(6) :366-376.

(31 48, WRH, ST a0 BH . 2R R VA8 BR R A HE 5 ek 25 v 28 A% )

B Fesg i PR 43 B [T ). AR AL A lk K 2 22 4, 2025, 56
(2):118-130.
Cui S, Chen Z, Jia Z Y. Analysis of spatiotemporal evo-
lution pattern and influencing factors of energy carbon
emissions in Heilongjiang Province[J]. Journal of North-
east Agricultural University, 2025,56(2):118-130.

(4] EBF5W AR B, N2 180, 55 A =R 3 7T B Ak 38 0 7K



272

P/ S VI S

33 %

[5]

[7]

[9]

[10]

IR 23 3 A R LR 5 [J/OL ] 3R, 2025
1-14. (2025-06-16). https: //kns. cnki. net/kems/detail/
51.1268.G3.20250613.1846.002.html.
Zou X Q, Yang L Y, Sun X C, et al. Study on the mea-
surement of peak carbon levels, spatial and temporal evo-
lution, and influencing factors in the Yangtze River Delta
urban agglomeration [J/OL]. Soft Science, 2025: 1-14.
(2025-06-16). https: //kns. cnki. net/kems/detail/51.
1268.G3.20250613.1846.002.html.
G Bt BREAE B R AR, 55 .2005—2014 4F K VT 28 B 4 Ik
7 o 3 1) T 2003 I 2 A% JR R IR [T]. b B 24 41, 2018, 73
(7):1242-1252.
Jin G, Deng X Z, Zhao X D, et al. Spatio-temporal pat-
terns of urban land use efficiency in the Yangtze River
Economic Zone during 2005-2014[J]. Acta Geographica
Sinica, 2018,73(7):1242-1252.
Kong HJ, Shi L F, Da D, et al. Simulation of China’s
carbon emission based on influencing factors [J]. Ener-
gies, 2022,15(9):3272.
FAG] MY A S LR E R T RAE T
b e HE R B B Sl R 2R e ik % B 4 BT (D] st BT 5T
2021,4009):2606-2622.
Wang SJ, Tian S S, Cai Q N, et al. Driving factors and
carbon transfer of industrial carbon emissions in Guang-
dong Province under the background of industrial transfer
[J]. Geographical Research, 2021,40(9):2606-2622.
AR, BAEAR NE TR, A ROBR IR I R Bk HE
T PR 2R o3 il B B R R WE S (T, AR A & %, 2019, 35
(8):28-34,66.
LiJ, Mao D H, Jiang Z L., et al. Research on factors
decomposition and decoupling effects of land use carbon
emissions in Chang-Zhu-Tan urban agglomeration [J].
Ecological Economy, 2019,35(8):28-34,66.
Nejat P, Jomehzadeh F, Tahert M M, et al. A global
review of energy consumption, CO, emissions and policy
in the residential sector (with an overview of the top ten
CO, emitting countries) [J]. Renewable and Sustainable
Energy Reviews, 2015,43:843-862.
Park J, Hong T. Analysis of South Korea’s economic
growth, carbon dioxide emission, and energy consump-
tion using the Markov switching model [J]. Renewable
and Sustainable Energy Reviews, 2013,18:543-551.
Liu X P, OulJ P, Wang S J, et al. Estimating spatio-
temporal variations of city-level energy-related CO,
emissions: An improved disaggregating model based on
vegetation adjusted nighttime light data [J]. Journal of
Cleaner Production, 2018,177:101-114.
BRI Mgk, TS A N TIT ot AR Al R A
23 AR R g R R (1] K LR K5 L 2024, 31(4) ¢

[13]

[14]

[15]

[16]

[17]

298-307.

WeiJ C, Mei Z X, MaJJ, et al. Spatiotemporal evolu-
tion and influencing factors of land-use carbon emissions
in Guangzhou[J]. Research of Soil and Water Conserva-
tion, 2024,31(4):298-307.

AU, 2 O B FLAE IS 55 AP AR T o XA HE
i 73 A K H 5w N 3R [J/OL ) 3R 5 R4, 2025 1-
16.(2025-06-17). https: //link.cnki.net/doi/10.13227/;.
hjkx.202501050.

LiSS,QnY Y, Kong W L, et al. Spatial and tempo-
ral evolution of China’s regional carbon emission and its
influencing factor from the perspective of equity[ J/OL J.
2025: 1-16. (2025-06-17).
https: /link.cnki.net/doi/10.13227/j.hjkx.202501050.
JRIZAE S SCw AR, A T B R T T L A
HE 7k IR 2 A% Jrg S AR AR [T ] I 228 i, 2022(11) : 149-
156,161.

Zhou X D, Dou W Z, Zhan Q M, et al. Spatio-tempo-

ral patterns of carbon emissions in Hubei Province based

Environmental Science,

on county level[J]. Bulletin of Surveying and Mapping,
2022(11):149-156,161.

v N £ | = i N B =% e 7 DS R | 3 G
23 WA K SR ShHLRIAT 5% [T/ OL ). A4 5 5 R AT R BE 24,
2025:1-11.(2025-06-16). https: //link.cnki.net/doi/10.
19741/j.issn.1673-4831.2025.0140.

Wu Z H, Tong S, Ji X. Spatiotemporal evolution and
driving mechanisms of county-level land use carbon
emissions in northern Jiangsu[J/OL . Journal of Ecol-
ogy and Rural Environment, 2025: 1-11. (2025-06-
16). https: //link. cnki. net/doi/10.19741/j. issn. 1673-
4831.2025.0140.

AR AT AR WA VIR B R HE O i a E)
AT IRBERLE G HOR2023,46(5) 1 165-173.
Tong W L, Li D, Li T T, et al. Spatial-temporal
dynamics of county carbon emissions in Jiangsu Province
[J]. Environmental Science &. Technology, 2023, 46
(5):165-173.

B S IR IR DR A T R R AR AR Y B T
4 B3 HE T 7 AR Ak B R R AR (7] K AR
i, 2022,42(5):376-385.

CaoZ L, Zhang X R, Yuan X F, et al. Spatio-temporal
variation and influencing factors of CO, emission at
county scale in Shaanxi Province based on land use
change [J]. Bulletin of Soil and Water Conservation,
2022,42(5):376-385.

PR R )2, 2N, AR BN AR TR T I S AR S 5
M PR B FE )] K R RS L 2025, 32(4) : 297-309.
He X, Yang C, An X M, et al. Research on the spatio-

temporal evolution and influencing factors of carbon



%2 3

AR 45 ELIURUEE TR 2 T A8 Bk I IR 22 9 A AR A 3K Sl BL i

273

[20]

[21]

[22]

[23]

[24]

[25]

sources and sinks in Guizhou Province [J]. Research of
Soil and Water Conservation, 2025,32(4):297-309.
Poumanyvong P, Kaneko S. Does urbanization lead to
less energy use and lower CO, emissions: a cross-coun-
try analysis [J]. Ecological Economics, 2010, 70 (2) :
434-444.
EXBER AR 20, E A . JULL T AR B ) e HE i e 233 i
AR R WA PR RO S (7], K AR FRAT ST, 2023, 30
(6):441-451.
Zhao Q C, Yu D, Wang J P. Spatial and temporal evo-
lution, influencing factors and trend prediction of carbon
emissions from agricultural land use in Jiujiang City[J].
Research of Soil and Water Conservation, 2023, 30(6) :
441-451.
M 250 R A L BRI, 45 . 5w A R IR S e T i )
23 AR e Hosg g R LT] BRI R 7 5 4R, 2023, 46
(9):178-187.
Tao J Y, Zhao X Q, Chen Y J, et al. Spatial and tem-
poral evolution of carbon dioxide emissions from energy
consumption and influencing factors in Yunnan Province
[J]. Environmental Science & Technology, 2023, 46
(9):178-187.
S A N R N o7 N o=l o2 L 1 DA K 7/ ) A s
T A RRAE B i PR 3R [T ] K AR Hi 41, 2023, 43(5)
297-303,311.
LiZY, Zhu X S, Yang L., et al. Spatial-temporal evo-
lution characteristics and influencing factors of carbon
emissions in Yunnan Province based on land use changes
[J]. Bulletin of Soil and Water Conservation, 2023, 43
(5):297-303,311.
LI RN . 23 48 Bk HE O 25 38 A8 AR A B 5 i [A]
oA [I] AR, 2025, 45(1) :528-537.
Wang Q L, Li S C. Dynamics of carbon emissions in
Yunnan Province: spatiotemporal characteristics and
influencing factors [J]. China Environmental Science,
2025,45(1):528-537.
RMEIRUZE  BR A ZE . Bk = A B SO T v ) 1 as e 4
R B WH R [T ] AT S, 2014, 33(2) :296-309.
Mei Z X, Xu S J, Ouyang J. Spatial agglomeration pat-
tern evolvement and its influencing factors of urban
potential at county level in the Pearl River Delta [J].
Geographical Research, 2014,33(2):296-309.
G RRAEAE B L AE R RIS A T E 2R
PR B K% B 28 22 HORRAE [T 3 21 2 4R, 2020, 75(8)

[26]

[27]

[28]

[29]

[30]

1633-1646.

Jin G, Deng X Z, Dong Y, et al. China’s multidimen-
sional poverty measurement and its spatiotemporal inter-
action characteristics in the perspective of development
geography [J]. Acta Geographica Sinica, 2020, 75(8) :
1633-1646.

HSp S AR O MGRERE L AR S T WL AR R R T b
fitt dik B 25 A4S K H IR S AL < LA VLT R [T/ OL ] 3R
3 Bl 2£, 2025: 1-18. (2025-06-16). https: //link. cnki.
net/doi/10.13227/j.hjkx.202502251.

Shan L. X, Tian X R, Lin J X. Spatiotemporal evolu-
tion and driving mechanisms of carbon storage in tourist
destinations from the perspective of “production-living-
a case study of Lijiang City [J/OL].
Environmental Science, 2025: 1-18. (2025-06-16).
https: /link.cnki.net/doi/10.13227/].hjkx.202502251.
S AR R AR e G R B[] M B ey
#%,2017,72(1):116-134.

Wang J F, Xu C D. Geodetector: Principle and prospec-
tive[J]. Acta Geographica Sinica, 2017,72(1):116-134.
Huang B, Wu B, Barry M. Geographically and tempo-

ecological space” :

rally weighted regression for modeling spatio-temporal
variation in house prices [J]. International Journal of
Geographical Information Science, 2010, 24 (3)
383-401.

I 6K Bl Vi B, A T B A R R A HE R s
T8 AR RRAE S SR S HLEE[T/OL ], b | Rl 9% 5 5 X R
2025: 1-13.(2025-01-27). https: //kns. cnki.net/kems/
detail/detail. aspx? dbcode=CJFD&.dbname=CJFD&.
filename=7GNZ20241108006.

Ma G B, Lu R C, Wu B. Spatio-temporal evolution
characteristics and driving mechanism of land use carbon
emission at county level in Guangxi [J/OL]. Chinese
Journal of Agricultural Resources and Regional Plan-
ning, 2025:1-13.(2025-01-27). https: //kns. cnki. net/
kems/detail/detail. aspx?  dbcode=CJFD&.dbname=
CJFD& filename=7GNZ20241108006.

SR X S B JORUBE T ) g 4 T i 2 () 23 S A 5
SR R[] M BRBL A S PR 224, 2024,46(2) 1 196-210.
Zhou H, Zhao X C. Spatial differentiation characteris-
tics of carbon emission and its influencing factors in
Hunan Province, China at the county scale[J]. Journal
of Earth Sciences and Environment, 2024, 46 (2) :

196-210.



