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Abstract; Studying the evolution of the spatiotemporal pattern of agricultural carbon emissions rate and their driving factors
and realising the development of low agricultural carbonisation is highly significant in helping guide the carbon reduction of
agriculture. This study calculated the agricultural carbon emissions rate in 31 provinces of China from 1997 to 2016. To do
this, the Exploratory Time-space Data Analysis ( ESTDA) framework and the Geographically Weighted Regression ( GWR)

model were used to investigate the spatiotemporal dynamic evolution characteristics and driving factors from the perspective
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of spatiotemporal connection. The results showed that (1) the positive spatial correlation of China’s agricultural carbon
emissions rate is weakening, and the spatial variation of inter-provincial agricultural carbon emissions rate shows an
expanding trend, (2) the spatial and temporal pattern of China's agricultural carbon emissions rate has obvious differences
in dynamic transition paths, and they have strong stability in both local spatial structure and spatial dependence, (3) the
number of synergistic growth provinces shows a decreasing trend, indicating that the spatial pattern of agricultural carbon
emissions rate is declining and the transition changed from a synergistic growth-oriented type to a coexistence of synergy and
competition, (4) the agricultural carbon emissions rate has a strong local spatial correlation model and spatial transfer
inertia, which is characterised by path-dependence or spatial lock-in, and (5) spatial disequilibrium linkage characteristics
of driving factors of agricultural carbon emissions rate are significant, and the effect of economic development level
decreases gradually from south to north. The distribution pattern of residents’ incomes and planting structure increases from
east to west. The effect of cultivated land area contributes significantly to the increase in the carbon emissions rate of
agriculture in northeast China. The scale of cultivated land has a negative effect on the carbon emissions rate of agriculture,

and the regression coefficient gradually increases from southeast to northwest.
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Table 1 Carbon emissions coefficient of agricultural carbon emission sources

IR He R B B 22 KR

Carbon source Coefficient References source

FLIE Fertilizer (kg CE/kg) 0.896 ORNL( 36 E AR A U4 5 K S50 )

42} Pesticide (kg CE/kg) 4.934 ORNL( 3& EAZ A I4 EH K L5 =)

AN Mulching film (kg CE/kg) 5.180 IREEA (7 50 R 20 BE U 5 A S BB 5T )
453 Diesel (kg CE/kg) 0.593 IPCC (B EBUT RSB L1TE D 4)
7K Rice (g CE/(m? + K)) 3.136 Wang! ) Matthews!*!  Caol3!)

TEPRE Trigation kg(C) « hm? 266.480 West 4:132]

# 1 Ploughing (kg CE/km?) 312.600 TABCAU ( Bl KA 245 A W R Bt )
5 Pig (kg CE/(Zk - 4F)) 34.091 IPCC (IR A B BUR R AR & T R 2

4 Cow (kg CE/(3k - 4F)) 415.910 IPCC (LG EBUT RSB L 11E D %)
¥ Sheep (kg CE/(3k « 4E)) 35.182 IPCC(HR& EBUM R SR LTI 51 2)

BT WO HE R B A B, Al B HE R AT RN
CR=AGDP/CE (2)
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KH GeoDa AT 1997—2016 4F-H [E AV Bk HERCF 142 J5) Moran's T $5%0( 3 2) , N2 R 88 [E &
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Table 2 Global Moran'’s I index of agricultural carbon emission rate in China

A5y Year Moran's [ z p AR Year Moran’s 1 z p
1997 0.527 5.183 0.001 2007 0.566 5.335 0.001
1998 0.561 5.684 0.001 2008 0.541 5.135 0.001
1999 0.528 5.290 0.001 2009 0.525 4.982 0.001
2000 0.571 6.050 0.001 2010 0.531 4.842 0.001
2001 0.610 6.140 0.001 2011 0.519 4.875 0.001
2002 0.566 5.535 0.001 2012 0.524 4.698 0.001
2003 0.568 5.443 0.001 2013 0.513 4.889 0.001
2004 0.548 5.404 0.001 2014 0.499 4.742 0.001
2005 0.517 5.411 0.001 2015 0.494 4.425 0.001
2006 0.496 5.469 0.001 2016 0.482 4.479 0.001

Hp B HE R 2t B S I S ) I A O O R R s (R AR AL, 1997—2016 4 A b e HE R 1) 42 J)
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HER R A s (M%) 48 BAE2S 18] Fa T4BE /0 A . A JR) Moran's 1 97 AL B 3E | BIFSE 30 P4 o [0 4l - HE i 56
f42 )5 Moran's [ $8ECH SN TR, 3] 2016 AR5 R e/ IMA (0.482 ) , BB Hh I A Ml B HF 038 1) 2 [ s [ P AR It
553, 72 (1] A SRR B T VR U 55
2.2 LISA W] 42 JLAT A
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MAHXTH BE T, i B A R HE R 1 ey 2 () 25 0 oA s e e . BRI, 1997—2006 4F i AH X
KA AFEILET K AR PO LI 3k B8 48 3l Jey i 25 1) 45+ HL AT 5 B A R R M 5 SRR VT 5 Ak AL
T AT R R A = AR BE 48 3R, Jm s ) 25 1) AT B (R sl A0 s =B D)1 S EE PR IR T Ib A
VLVG R ARAR XS B2 4 B, B SR B2 1) Jmy 38 25 () 495 ) 5 Ll 4 Ay 2 AP A X K B, Jmy 8 2 ] 85 4 A
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FTRE A S PR 2 < PURRICTT ™ R 1 ST, A B P 48 A AR b 2 JR AR ARE T ISR i, T3] Aot S S0 Ml e HE SR
T, Ak, 2005 4FLUR FE R e Ao B, — 5 T sh 1T A&k Az P= B vk | Rl 52 4 A 98 (e 25 ARIE 4k
RS ) B A BRI BEAELS R (R R A F= B AR S R R 0 52 i), 3 B PG 48 AR M Bk HE 36 s 358 45 1) 45 ) L i
UM AR B A 1) 48 S0 2 IR s A, 0 1o PG 38 %) i A P S ) AR AN e RS A X
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Fig.1 The relative length of the LISA time path
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Fig.2 The tortuosity of the LISA time path
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Fig.3 The movement direction of the LISA time path
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PRIl PEFRY B AR A BN 1997—2006 4E (1) 24 A>T RS 2007—2016 4E 1Y 13 />, F B b (5 4Rll
B HE O R I IR 3 32 S 8 ) IR ) 5 5 e DA AR Sy A2 2 ) G PR S B s 3
2.4 R BRHECE LISA B %8 BRIE 5347

LISA B [A] B4R 2 BT A REH 7R LISA AR AR AR Tl R34 | T AN R S5 A sl e HE J3C 238 A A v Jrg i 25 [ DG I 26 78
PIAH GRS PRI AR SCHE— 20 R FH Rey $2& 1 56 A 230 R 2R AR 23 BB A 3k v 60 R Ml s HE Tt 23 Jg i 2 i)
SRR B AL FR R AL R (2 3)

H L RO RRHE S 23 0 7 RS 1 P | B AR RO R A RRAE B L IR o Y BR AT SR Y Type, , 25048 B AE
1997—2006 F1 2007—2016 P41~ [A] Be A oK J 28 I 35 1 I 25 BRATE (3R 3) ,2 BT BE N Moran's 1 HIR PR 457
TER]—ZR RN (Type, ) BIBEARIK 96.8% F1 96.4% , BITE 2 NI} 6] Bt A Moran's 1 HIUS [T A 23 ] A2 7 P (I 25 €
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% 3 Local Moran’s I B}z 8K 56 f%
Table 3 Space-time transition matrices of Local Moran's 1

Bt eyl Kokt el

Period vitl HH LH LL HL Type  Number Proportion S¢

1997—2006 4F HH 0975 0000 0012 0012  Typed 268 0.961 0.032 0.968
LH 0.091 0773 0136 0.000  Typel 3 0.011
LL 0.006  0.006  0.981 0.006  Type2 6 0.022
HL 0.050 0000  0.000 0950  Type3 2 0.007

20072016 4 HH 1000 0.000  0.000  0.000  TypeO 269 0.964  0.036 0.964
LH 0.000 0943 0057  0.000  Typel 6 0.022
LL 0.000 0014 0966 0020  Type2 4 0.014
HL 0.000 0000  0.088 0912  Typed 0 0.000

3 e E Al ik HE Y2 R0 B 3R 43 A

3.1 BRI S S EUG 5

ZE Ll A5 v Rl B HE IR A 18] 43 A St 5 25 119 4[] I A S ARRAE , 28 B 57 30 2 1 [l 3 i /N — 3l vk xof o
B Al B HE S R 0K 8 PR A T 0T, AR B 45 SR AT v RBAFAE R 25 0 O T BRI L5 I8, AR ST HUR L 28 T K
IRV AT B B0 AR 254 B b 1 AEURA) S 0 AR s RIASE 5 AR RN A AR &, ROV AR HE R R R AR
A OLS HERIF GWR BERIBEA T b (6 4) |, AT 0 GWR R R4 5 3L 18 BE ( R? Adjusted ) SN 0.669 , KT
OLS A AR J5 LA LB (0.655) , HLJR 3R Inl AR 70 (AR AL R 25 (E AT FIZE [ —1.95, 1.81 ], 4548 LA Jm
)-SR A RE M i R 22 K0 . E— 2P XS pR 22 04T 4 18] A SE ARG B0, 7531 Moran’s 1=0.048,p=0.298 , 58 25 (1)
25 () 43 S PR HL A A RS , U384 GWR B 4 g i A A 45 A8 WAV R HETBCR 9 52, T GWR A
RIS RIS e AR,

# 4 OLS AT GWR #ESH it R LRIt

Table 4 Parameter estimation and test results of the the OLS model and GWR model

54 (OLS) mua/%%ﬂc KA ZH (GWR) .
Variable ( OLS) chr'es'smn p Model parameters Value
coefficients (GWR)
2% % K- Economic development level 1.788 0.001 Bandwidth 3367110.168
Ji BRI DL Residents” income 2.401 0.000 Residual Squares 4.330
FiAE LS54 Planting structure 1.360 0.062 Effective Number 7.445
LT B K Status of cultivated land area 2.133 0.000 Sigma 0.428
B HLEE The scale of cultivated land -2.258 0.000 AlCc 48.694
H L Constant -2.941 0.000 R? 0.740
R? Adjused 0.655 - R2 Adjused 0.669

3.2 RO BRHECR 23 RS R 2 0 4 T AL R

(1) AMb 28 T K J AKX A Bk HF TR 23 T A% SR 52 MR AU RRAE o Al 28 55 2 R K1 Xof ARl i HE T R 25
I SR AR HL 23 18] 25 52 W, A IRTUR G5 2R TS R0l 28 57 A R /K P B 48 i 0 2 Tl DA i HE R A 2 3%
AIE e RE AR, HAO 2 5 K KV ROSE M AL I pg () JEaZ A ek, R = Al 4857 A R U AL ik
2, BB SR 2N Al 1) e FE R A QAL HERR R S BE | A2 8 o i HE AL 7 07 sCZ T BB R, S EORIL =4
TR SRAO R HECR 32 AT 257 K SR AKF R IR R BN Ak 225 7K B B8 R AL B HE R B 3 T s 4
FHAE/AN 5 LAV R 3t DX 08 T 4 A0 8 I P g A 2 ) e S s DX 52 B8 P S M DUV A ok 26 3t IX AR T AR e
b it BRARA M RS TR A N ) £ 249 R A 2 A8 14 2o 90 2 TR ol 22 B i SR WS AR HE A 25 4R P i, 5 2 [l )
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BRI A BRHECR AR TR R

(2) AH Fa M AR U R A Ml B HE T 23 25 [ A SRy s M AR R Ik o A J B S AR B 5 Al B HE R 52
Wi e K HLAE TEAR SR R o AT R B 25 (B 0 AR T AR i BRI AIR L -5 A L e HE 3 4 1T U3 28 AR 1l
TERCHPR T AR S5y , BIREA 2 B LAZR 1 3t DX O A o) P IE AR M AR o J . AR BT SR 35 13 AP
R AR A F ] PG P DX 2545 (3 2 S AR A B, LA i T VLRI AR S AR A AR PRI v 48 1 52 AR i R i
NARBLHI /N o AR RS AR B AL — RE R JE b Sl 1 A A e IR | AR T T e 3t DX A 22 55 110 310
B AKT i RS TK i, e Al & e AR AR AL 2 (B A AN AR L9 A SR AL 1 8 DRI T R PG 390 ) M X
AN i BT S HCHSCA K SF B B AR , ARE TAR A DX A BRAR AL A 24 £ 4 Ji 1) 22 55 FE A B 55 , A0l A R
TR AR 22 8 0 SRARS O B A I BT BRI s RS ACR B Ml B AHE A RS AR

TR 2% ZWRBKT R Ja RIBNIR B

i 51 451 51

B -1.948246—1.071822 I 1.698403—1.748679 I 2.219828—2.223128
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| S
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Fig.4 Spatial distribution of the standardized errors and regression coefficients in the GWR model

(3) FlAE 2 K X A Bl R 38 25 (B R S WA B AL RAAE o FIABL 2854 15 ROl i HETBCRR 1 181 UH R BOR I,
A R R R A 0] U 2R D | EL SR B R 1) 8 200 a8, A s i) A b R B PR AR DX — R {ELIX” A 25
B BIRAA XA P e AR DL = RILA LI TT YT IR VT2 R A R A% B4 2 S VT 4 3l s — oo (L X B TP 7
VARG HLX A 25 Bl U DU P L X A T8, 50 RV R M DA B, 2R T 3 X 28 B VR Al el
FAELASAE Pt UK A BRHE ORI T A AR 7 S A AR HE OB A R, S BORM LA H X Al Bk HE A
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R FE M A TARALASFA T PG L DX AR S5 44 LR 5 38 ol o 3= AL 5 & Bolk 2 = r Ak
M BHECIR , 7 25 AR AN B A 7 My SRR B A MISR B AW R AT LT, S BOX LE M X P AE
BER A B HE AR B (815 R B T 62K

(4) A T RRURAY FSCAR 0 368 A Ml B HIE T 23 25 RIS Jag 52 WA A Rk o 80F o T R JSOR 0 X A Ml s HE i R
(1A% Jo 52 e R AL T AR AR BB AR B EL S BRIEAHSCSE &, MBI R B i 25 (] 0 A1 SRR B et V4 = /e
TR T 255 S DRI g 0 T B T R BGbR B0 X A Be HE TR RS2 M 5/, o B b X, AR AR U T b IX 52
FIAIFZ RV, A AR E =28 Sz 1o AR R 0 B9 1 1) 4 FH i, R RS B v ZR 1) 78 i i 20 3 D A 3
YT R HEATE T A 54 0 F2 K TR K G B BB M T ARG SR, bl TR B AR R S B —
K 2855 Ak i e, R UK R ML 2 22 S BOE 2 p9 e HRRL, P T AROR A R HE R B, AR AL
JEL ARAEF 5t AT T T I DX 2 S 2 XU B K SE I, 2K AR BR ik, o Al B HE RO A4 52 1
B 5 T DR G s X 2 5 /R B b T AR 2 A o S Bt T AR RO, 2 O 2 9BRHER, TEA0 B HR I
SO 25K EARAREAL T A T OBk HE R RIE FHEO D

(5) B HMUASEXT Al A HE IR 23 (AR JR) S T AR AE AR AR A Ml BikHE O A [l U 22 880k 1, 2
Mt USRS A BRHE RN HIAE ] o IRl R s ) oA 17 10103 R B BOA T ZR AL v B 1w ) ol 2R g
[ P4 ALt 38 (0 255, [T VA AR AR AL X 2 oA e L WTYT AR 2R P TR IR AT DY SR A 8,
DX F2ZE A T8, A it DA T AR 1) I 52 M RS F) 52 i e BEAR I 08, R B Tl b R IR S B e 5
TV AR R, BER AR AL Tl AL Y PRI, — 7 iR N P S Bl D a3 R R Bk i Bl o
FH e E B i BUR AR 22 40, AR A S AL SR S B T A B DR e B s RS AR BRI R 1
)V PR A, 1T SR s D A QSR A v P B M X %48 13 AR AL ) BRIV 5 AR BF s AR5, Ak 55 Tl
MR AR P U TS AF AR A B HECR A 7 1) 7 FH DS

4 Hig5itig

4.1 %5

(1)1997—2016 4 = Al i HEBCR HAT 3 10 25 8] IEAH G OC R A (R 4R R ARAE . BRIV ELA B s Aol i
HERCAR 0048 B T0 Z AU ) T AE LI 2 2R, B AT A b i HE TS 23 1) 48 Bl B 56 22 T A ) 7 A L S 2R 5
A B HE T %6 42 JR) Moran's 1 H8 5018 AR ST | Al B HE IR 4 25 [ [R) PR AS i 55, Al e HE T 25 1]
FRBWY K,

(2) WFFE I PN o Al BRHETICR 1 o 30 25 100 235 440 AR e 25 I AR i Ak ad R A s o R v, BR R 3L
TE 1 1997—2006 4FF1 2007—2016 4F-A M AR HE T A8 LISA B[] 2 F2 AH T BE A TR B2 RN AR AR X B2 1Y
BT HIA 21 F120 4, (5 H 67.74% 1 64.52% ; [F13 LISA B[] 4225 iy B2 Ak T AR 025 B RS (AR X 25
HHBE A 28 38043 T 20 1 23 A4, di e 64.529% F11 74.19% , 3¢ B v A b B HE TR 114 Jag 8 25 [) 45 #6) R 25 ] 44
it PR AR E PR

(3 EAL MV BRHECR ZS [ A% SR AR AR Y 25 TR 4 A PR S ke 34, f DR IR 34K 8 S A 1) D3 I 45 5 S R A7 1Y)
W Jri s ELRRINAE . 1997—2006 4F R, i 80 WiVl fm e VLV e AR )TV R L VL T
B RIEVL AR AT S WA AR TR P B T CH R N E IR 24 S R TR R R,
Ifif 2007—2016 4F-Hp[RIE A R B 13 4, 4030 I AR B v Beps  HR  pu il BT AR T
|70 NENIT MR

(4) P LV BRHETCR A 23 (R4 Ja 28 B HS % AR A0 A B R AIE . TR B2 BAE 1997—2006 AF- A4 b A HE i
& Moran's 1 HUSARFE [ — 2 BRI IOMER 5 96.8% ,2007—2016 4K 96.4% , BN B N Moran's 1 B & ()
23 [l Fe s P (B2 BEER ) 43511 R 0.968 i1 0.964 , % BH rfv ] A b A HE 5 256 19 Jr 38 223 ] S I A X A7 8 350 1 A
PE, A8 B AR A B AR B HE IR AR I, B EA — 5 1 B A MO 5 25 (R B AR
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(5) AR GWR BEARILA P BE 0 T OLS AR | 4575 d XA b Ak HE 3R 52 i) 19 349 5 Bk o sy Sl 1k
FZS (8] 5 BT RRAE 2, AR 2% i JR K ST e A b e HIE Tk 24 1) 5 i 5 85 DA o 1] G AR TR 388 K 5 F R AR 2
FRRE 2548 11 [ U5 22 5000 A7 B 5 DR 1] P AR Y s 348 3 Bt 1A R JS bR A5 X6 2 bt DXl ik HE R 3 T A i 0 1
FH 5 T A PG SR IX 5 B RS A Ml Atk HE i EAA /R, 10 R AN AR B ) P AU AR G 1
42 VHE

(1) AP BRAHRCR TS R IX Z Rl A2 7= e B AR 28 5% & R B S5 AN [R) T A7 A 25 57 o AR
s 3~ 5 — e i, MR s R A S RS04 B A R R 0, HLAR I S W sl 4 22 [R] ) 3K 28 R B B 5
BRGNS . 25 1] FAH S REAE 2 7 5 b X A0 B, B AN M HE ) B A A B HE TR ] el 2 52 i L 408
B A BRHER A . FERXRE LT, AR HEBR YDA KL, D 3822 40 £ 25 45 v [l Rl Al HE 3 1 2 TR A
J A —E MRS, WSS E | T E AL Bk-HE AR B A W I 25 (] TE AR G OC & |, (H 72 A] 42 3R A8 B2 ik
WS, AT RS-SRS K R SRR = A Xk 25 S T KA A O, — T T Bt Sk A AR Tk ) R e
et kb SRR AL AN AR 7 AR MR AL BRG hn S XAl A 7 A B E M, R B Al A 7 B ARk AL
g AL A AL R iR T B AR AR P ROR BRI 245 AR R IS5 LE P BE AR . TEARZ I R AIAEH]
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