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Dynamics of carbon emissions in Yunnan Province: Spatiotemporal characteristics and influencing factors. WANG Qiao-ling,
LI Shuang-cheng (Key Laboratory for Earth Surface Processes of the Ministry of Education, College of Urban and Environmental
Sciences, Peking University; Beijing 100871, China). China Environmental Science, 2025,45(1): 528~537

Abstract: This study employs Moran's I index and cold-hot spot analysis to characterize the spatiotemporal dynamics of carbon
emissions in Yunnan Province from 2000 to 2021. Additionally, a random forest model is used to identify the key socioeconomic
factors influencing carbon emission of 16 prefectures in Yunnan Province. The study finds that there are no significantly low carbon
emission areas in Yunnan Province, with emission values generally close to the average and evenly distributed spatially. The hot spot
regions remained stable across time, exhibiting a clear spatial clustering effect. Further analysis reveals that industrial added value,
energy consumption, population size, and GDP are the main factors affecting carbon emissions. Our findings can offer useful
guidance in formulating regional carbon neutrality roadmaps, implementing differentiated carbon reduction strategies, and promoting
low-carbon green development.

Key words: carbon emissions; spatiotemporal characteristics; influencing factor; random forest model; Yunnan Province

R FIR TR 4 T 0 A i 52 0 Jl), 3 1 A%
PS5 1A AT 55 S A R AN AR ik e 1™ B Jal i, 1Ay

PEAEA L X HCF A i (LMDI) N2 s
BUEH(GTWR). TR E s [ Y B 2 212 g o

N T s P R Bk 2, ) et T A Ak, v e
28 G B BT oy REFE A S HE AR o 5L
S KR RE YR B [, v P 2R R AR TSR 24 Ak
WEHE ORI 30%, 1k 4Bk E K I 4L H#(CO,)
(IR s L DR ok, e 6 AT 4% S XE LA A
BTTAT 1K L, r [ BORT 1 7 AR AR 2R HH sl 2D il HE ik
() DT AT A B 2030 474 [ e HlE s I8 WAL Jem B
A AT R URAE — IR Be U T b b 25%, Bk
FEKEL 2005 4 AT 60%~65%; 3374+ 1 2060 4F52
U A T B AR A A BE R 0 AR 4 T 2
80%!*1.

AR SR, OV VI 2 B HE S BRI 5 30k 6 5 HIE TS
PRGSO . RO Bk 2 A
J7 T ARG Wi R 5T 7k E B Kaya

DI, 2 B b T AR AN e B A s A 1 RS A%
SR 25 18] 53 A 5 ERAE B 7 R TR 2 1) S v s
T HCAG T 3 e (AR B 22 4 B2 2 ME AT AR Z R O )
U L A7 S BRES 1AL 38 2 > 7 Ak B vy 2 B0 A
U 2 YR Bl DR 355 TR DL 52, BE 8 R AR KL
RN S 0 (IUE 22 P SIS VAP L enl LR e )
LR 2 3 4 R REAT 20 A B 2 ot S g SRS
i 3t 220 1 P 2 = AR T, A AT 9 2 (A
T3, BAL T BRSO 2 T AR R AR IR B R R
RIAZ I, S 5 NS A T 10 B B

3P DA i G e DX AR ST

TS HEA: 2024-06-25
EEWMB: =MAEAHRIH (202303AC100009)
* SUTAER, #Bd%, scli@pku.edu.cn



14 T Iy

2 A BTN AR IE A i R 2R ) M 529

RE R = 4R DR R AR P Ry 1) A AR B 58 i 18 i L
BRSO ST AT R R A B K, 22 i A e U A% 1Y
7 THTHXAT 1 0k 5 S, o R DX 3t e 21 1
TP L2 50 AT JLAb b DX B A UL DR o, R
G853 M 25 P 48 B IR TR IR 2 A AR i A G 5 ) R
BT HRIE RS G B BRIRHRBOR « SeBLX At &
2GR 2 (e AR AT R

2000 4 gk rf ] PRI T Ak R T A 1 G

SR BRI T L A8 1 I 0 855 B DLy BT B R B B
BRI R, A TR s e L bR DR R = A
2000~202 1 AR HE LK) e 2538 AR FUEE, U031 4= 24 B HE

TBRHESCR AR R A 2 0 S R 3R
1 HRXERSEIERR

1.1 BRI AL

= B A A b [P R AR, A2 T 97°31°~
106°11'E,21°8'~29°15'N 2 [a](K] 1).4274 [ - & i
39.41 J7 km®, b4 E B 4.1%. 85 500
AR R AR X ARAR AL LSV S Y4
REAH B, 04 5 200 fr) 40 B RS2 i L B L 48 458 P
MBS % M3 22 1, J8 T i L kb A D' R B K,
BRG] S E AR TR a A S
M RIE. 23X, ZES A A EENER
BEUEFIMURE 1) D7 52 SCA RS 8 2 R i B, =
M N EZh 4700 TN

BT X
Fig.1 Study area
#1158 5:GS(2020)4632

EER, ~rBA LT R 2023 £, 84
GDP S &IAR T 2.45 J7fC 70 N IR A e 4 1 2

23 {7 IR N L SR BN 2 FEAL H TR ATS SR
T 25 T A I E ) R BE VR O & H DL IR A
KA F T T K B, 2 R IR K R T
RIAT AR A v 1 L K H R R Sk
— B 2023 4F, 2 A K HL R LA R R 8000
3T R, 4 DK AR LR R 10% B L 3T 4E K,
25 T A8 BB IRR ) 2% e R 4R T RE R VY 2l 4 0
EAUAL, 2 10 BE VR AT 22 TR A 456 [ AN
s LK HEL A T B35 i e U5 v, A T S OB AR
R HE A5 e U O A, 0 R VR BR T R 4 4 5 —
RIFE .
1.2 Hd ki

AT 2 v A RE U Bl B S D S K s 3
KT (ALY (20002022 ) & (2006
A IPCC 1 S0 5 U SRR ) 16 ST AL 25
LU AR B EPRUE T M T Gt h R 5 S it AR
T A T R R U 2l B R, A S
T T SAN TR AF A7 25 P T b AR A o 4l ™
ELAA L R e b GDP (¥ be o 4 57 e 9 i
FREAT B A Ab .l DAL A0 X 45 18 B 52 9 1
1T TR B .45 R o sl e ol 5 g
JEE SRR T HH 103 SR DX el 22 e A A b
AIRET TN 58 PR 22 A0 IR T 10 =2 18] 4 A1 M
Wi PR35 2R 7 A A 2 5 L DR % 7 VR T AR S
23 P A AT LD R 5T R R A e B U A B R
24 5507 & (W hE https://www.resde.cn/), 2 A 5 5
(RS SR 32 I PR ] S P e TS A e U 14
BRAL A ORE = S A B R T80 B £ (ODIAC, Open—
source Data Inventory for Anthropogenic CO2), ¥ &
— A R AR A AR B R H A
IR ST A (NIES) A1 56 [ 8 5K 25 i K J= (NASA)
EAETT R R [ XA X B4 L 38 ] %
HETBCE A, A 1 B 2 DA FR i 20 A R ORG 2l
Matlab B AFX AL BR 5,45 21 2 B 48 % M T iR HE T
18, B DR e B A% B v T, P T 05 S 20 M e Ak,
MR AW RCR AR fE bR RS B AT CAR S5 ), 1%
BON VR XA Bl A4 Bl Tk
WAINAE - % =7k 7 GDP LT &5 =7k 7 GDP
ECEE . IR, RRIEY 2 B B 55 8 NG

SR PR 2R 20 BT AH SC B R IR B, 70 A a5 R B AT
B B AT AE T NI ).



530 HOE

R 45 %

2 HRAZE

AL FIAE 16 AP T FERE 3 T
BHE T (A A IR ITUT 5 AR RAN A T e
JBCARA R 2 28 5 5 M0 DR 3% A 225 1) 4% Sy s R T,

Hi T80 18] 73 A S Jo e, DRl v I AR DX s A 52 i PR 3%
3 KT 07 T A AL 27 20 IR B H AR PRI 45 7 5%
M) 4 M T i T3 AR A TR A 25 22 B R ) BT 3%, 5 iR
SIIX LB PR 3 2 [a) 52 2% (R AH HAE H.
2.1 AR5 =35%0(Global Moran's I index)

A JR 5 2 RO TR X e A A A TR A

TR L B 28 U
Z:I:IZ';:I f (x; = x)(x‘,. -X)
Il = Y 1
BT v

o F g 23 AN T @ A0 e X A
WA I g M TS Wy s TR AR R,
A N i R0 ARAR 0 wy=1, k2 W=0. 1 T A JR 5 2
TR AL 75 1) [ AH G R A 52, VA H T T )
LA T AR G ®), DR o 75 B A 4 S 5 24 4R By 3
fith b VE e B 5 2 2% ) [ AH DG FR A
2.2 JAis R4 (Local Moran's I index)

Jr 5 2% i A0 RT DU T R E A B K A
JBOKY- 5 HEAR A7 B 2 1) B SR J 1 Bk — 25 11
5l 2 A A8 AN [ M T B TR 2% ) SR B R

=BT G2 @)

RS LR BT 0 I, F W% N T
L5 JE A7 A0 25 T B 2 e (BB R A SRl ] k5 4
JRHBSL 2L AREINT O I, DU WM T B A A
V) - R 0N S 0 i SR e 555 T 0,
U128 7% N 7T BB AN A7 25 1) SR B, S B AL 43 A
2.3 AL IHT(Getis—Ord G,')

BRI EE R ArcGIS F & 4L 1
Getis-Ord G; (G ZHOHEAT 23 18) 7 JFe bk (10 JRs Be it
AL AL 52 P v AR R 2K ) L Aoy R R A R O,

KA G REGE T 2 A wH R 2

ol A2 T, AW I 2 e R SR A (1 T A

RN ERTE - S QLN WA P S L WALV
1E AR g, 2 W e (L (R R (R SRS S 4, Z (4 £
LG, 3 WG (74 1) I SR s e g B,

qu Xj
2(G) = ZH WX — XZH Wi @)
\/an—1 wifz' B (ijl W )2
n—1
1 no_2 7\2
S= \/ﬁzf_lxj -(X) )

A g T 7 S HE TS W A [R]) 22 5(1)5d
B GO BEER § SRSESR S G TR BN IE
2 VLW i T R B AR B e, JE T R X ez,
VUG ] i M T R B AR A, S 7% DX 7y e il
i A j 22 TA) R TR ASUER MR 4 RIS 7 S AR o
JEEIN,W=1,45 0 Wi=0;n PR EANEG X 28]
WA B RIS 0 BT RS AR b v 22
2.4  BEPLARMELZY (Random Forest)

BEHLARARREAL T 2001 4F 111 Breiman 2, j2 5
T U SR O3 S A 1 — PR WL o > SRR R T AL
by BRI 25 57 > 0% BE R L AR R B AT 25 2 S AT ]
iR B PR 0, O HLBE S A7 A% [ i A 1 3 2k
i) SRS 54 1 3o 00 A i A1y DA 238 344 ol
HHa S, 5] I fie 8 %o AR it ) T S EAT VP4l AT
BRI T e A SR Matlab Btk BEAT BEHLAR
PR ()38 5 A8 3 2 B 4 & M T S A SR A 2 5
S M R 2R 08 (R VA 2 A S 2R TR O 2 X1 3 DAy 5 Wik
FITRAR A 1 D% B B 51 DA 3%

3 HRSWHE

3.1 A BHEBU A ) A ARG R IE——
FEF AR AR A B

X2 B A IR AT A R S A FR HO L
RYESR 1.0 1 0] LU H,2000~2021 4 2 B 44 ik
HE A Jo 5 22 SR BB AH X B2 v sl /N, 3R WA A7 A
23] A AH G, HL 2 R ASE 57 I R) E A X — 35
Z-score Fll P-value 1] LLJI = () 4 56 0 A AL 7E
WA BN BT SR 1) Z 42 B0K T 2.30,P {H/N T
0.05, 3% B 2% 1] [ AH SG AR K 22 Bt 1) B AR 2 e vt
835 (1), R 45 M A A 50.2000~2021 4F 25 44 ik



14 T Iy

2 A BTN AR IE A i R 2R ) M 531

£ I YRk =R S22 b L BURTE & KR L v L P
A8 AR T 5 FEE A A 22 TR AT S M 2 ) B SR AR AL

F1 20002021 EEEERHIMMEREEZER

Table 1 Global Moran Index of Carbon Emissions in Yunnan
Province from 2000 to 2021
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2001 0.326209 2.449758 0.014295
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2004 0.351243 2.594513 0.009472
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2007 0.337003 2526924 0.011507
2008 0.343672 2.554723 0.010627
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2010 0.294959 2308333 0.020981
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2017 0.294499 2306119 0.021104
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2021 0.294170 2304454 0.021197
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Table 2  List of all influencing factors of carbon emission
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Fig.7 Partial dependence diagram of carbon emission influencing factors
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