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TR A TR AR 0T i [R5 25 6 70 X019 BV 8 Bl #0
FREAT T, DAY 4 FE AUAS [ 48 4 A Bkt A s B ZE
B AT IR RIS % .

1 MR ESHIERIR

1.1 HRFE
LT A B s e o) B 75 &

ki (IPCC E xR =UkiE i) B, daEN
TR WA RBE T2, S E R B, %
Bt A 7 A 33 KA R A D Bkt R F B i
PR, R 25 SRR B 5 T IR SR B SR AR 2 AN B v ]
PR B OSBRI TR

E=YE=>T a-R (D

X E BRI B BUR & (O« EONER i B HbRR
TRRIBHRCR: (O 5 T,9%8 | BIHBBIER SR, o N
[ R BRI AR B R OVBRIREE A R E

RPN E RE , BAE
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RJ 7 A BB HE IS, BAARBRHE R B L 1

FT 1 HF AR R
Table 1 Carbon emission coefficient of cultivated land use carbon
source

H R
Emission coefficient/
(kg'kg ' /kg-hm™)

Carbon source

Reference source

AR Fertilizer 0.896
4K 24 Pesticide 4.934
.+ . A AR R RO IR S A A
A% 5 Mulching films 5.180 SRR (IREEAY
A I SEh 0.593 A R () ARG T ] 2
Agricultural diesel ’ G4 (IPCCH
Al FEBE £[25]
Agricultural irrigation 25.000 Dubey =5
AR B

312.600 EHEV QIS NE L/ o NE A

Agricultural land tilling

oA AR . ER I E AR R A, S
X 3R 21 R R T & BT NLO v H RN, 2 B4
FoKFE. AN BoK. KRG RERESE, RCEIERES
RBK CH, A NLO HEBCE B RS &, B
AR HE 2.

—“RAKEMERHER . NEEEEKE, hTK
EREmARER, B-EMEEShERE, WER
H = 2E ) CH, A1 NL,O 1B E BRI 2 — o B HE U &
gE WP M| £ N, IR¥E IPCC PR 4R &, CH, 1 N,O
F4) 188 3R s AR N 40 i S 25 A 298 o FLAAR B HE R B
% 3,

R2 READEBRRHKRY

Table 2 Carbon emission coefficient of farmland soil carbon

source
H R i
{3 Emission H/iE C%jii?fn P Sl
Carbon source  coefficient/ Note Reference source
B factor
(kg-hm™)
_ 210.000 LA CH, it 25.000
JKTE Rice s ERiE
0.240 LA N,O 1 298.000
4 . . P AESDT
/NZ Wheat 1.218 PANO 11 298.000 T )
F K Maize 2.532 BIN,O 3 298.000 F MR
K. Soybean 0.770 LI N,O i 298.000 fiE 1 22400
22 Potatoes 0.948 PINO it 298.000
o g ePAR=-E
Bt A N N
Vegetables 4.210 LA N,O 11 298.000
Rl oil 4210 PIN,OiF 298.000 F B

® 3 KFEMEBRHIARE

Table 3 Carbon emission coefficient of rice cultivation
Hel &%

. N R K BHAKI
71 Emission i et ‘?ﬁ AR
. Conversion Reference

Carbon source  coefficient/ Note

B factor source
(kg-hm™)
e 422 A CHy it 25.000 P
Paddy fields 2.980 BL N,O 298.000 e

1.1.2  #rd AR R BOBOR F 75 ik

Wl (IPCC BRI =S4 ffhm) B, g5EN
LR EHPIMIEHE R, Wi B R R AR e &1
B2 SR IR IR A OB KA & . e R B v g B sk
ATWRUSCFRFI A, Femr WAl 50N

;=Z&Q=i&ﬂm, ¢))
i=1

el Z HHBBRIRICR (O ¢ S5 | MAEITEY
W 0,0 | FRRAEMII A (O 5 BONE i KK
PR (0, NS | RRIEMINAR RM. PHbr X
TR AMIOLT RERBRICE (% 4) KIET CR24]
M BRI TR

4 TEREMSFRMSHIIEE

Table 4 Economic coefficient and carbon absorption rate of main

crops
RAEWERI TBERAEY) BRI L2 E
Crop type Main crop  Carbon absorption rate Economic coefficient
IKFE 0.414 0.450
INFE 0.485 0.400
IRE AR K 0.471 0.400
Food crops o
B2 0.423 0.650
CES 0.450 0.350
1k 0.450 0.430
e 0.450 0.260
biiikea 0.450 0.100
LH A I
Economic crops FRA 0450 0-830
e 0.407 0.700
JHE 0.450 0.830
i K 0.450 0.650
1L.1.3 #mEEAT

PE AT R AARS Bl ik, REsE R
JE e G IR R B0 E T A THIR 22, W T Al B
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KA n AWIME RN, b RS, k()AL R AL,
AR Epanechnikov HIRZE L. 5 58 HISRAZ Hl il v 2
R CE e R E, M2 BT lim h(n)=0 A
limnh(H)=N —> o .

1.1.4 BAfssit X SBAEA
BB H T ot & 5K 5 SRTH B R IT G2

(3)

B R . Wi 4E 20 H T E i HER B A 42 R KA
HBURFERE , e B AT R B AR T SRk i
AR Tapio Mg #AVER EFa R 1T, HAat s AU
_ ACO, /CO,
= AGDP/GDP
A e N CO, MATFHEK K ey Fa 45 ACO, Nk
W53 CO, HEMUR 218, 10* t; AGDP AR 5 1 5 5%
AV P2 E I ZEE
A e (VSR IANE, F e AR 7 g5 ey . 5
Bidy. S5 MiEy. SR Tk . akiER:.
TR IR &R 8 2K, BAREL R bk LK 5.

4

<5 Tapio BB E X
Table 5 Types and meanings of Tapio decoupling

KA 5P REH KR i g AR o

Environmental

Economic driving

R Type R State pressure growth rate growth rate l D:C.(: up li(rllg AR 7 L State meaning
ACO,/CO, AGDp/GDp __ Césteity ndex e
St >0 >0 0<e<08 WK, B4 GDP R AR A Eche

¥ Decoupling L <0 >0 e<0 BEBRIF RS, Aol GDP B, SRR AIRA

IR <0 <0 e>12 PSR, (BRI ORI A X bR
S ¥k >0 >0 e>12 Pt I, (LB O e e
Negative decoupling " 0UBEE4 >0 <0 e<0 BRI B RO K, AT, R IALRES

S5 15 <0 <0 0<e<038 B, A

. . Pk >0 >0 0.8<<e<<12 P, FLd AT ) 25

4% Connection o
FEIRER <0 <0 0.8<e<<12 P L, Ed A R R

1.1.5 GM(1, 1) & &FRmAEAR
IR0 F IS 2R 5 0] FH T % R A JEx AR E A5
BTN AR, FF GM (1,1) BRI, %A b
TII X SR R H AR PR AL, R SRG
oy TR, AR BRIC & T B A R A A T
FIRTEEME . AW FUARYE 2005—2020 - E &4 (T XD
HHt I FE Y T 202 1—2035 4F Bt 1) i R v Ak
W= E RS, GM (1,1 BREAE AT :
x (k) +az" (k)=b (5
A xR FGAE G, 2% XV EA A S, kN
W, o NERERE, b AKESERE.
L EAR AT
AN
dr
b X B g A g, ¢ A
R TN A F5 S5 R/, 1 B T AR R e e A
HANE 25 AT 58 . TR FE S 404y K INLEE 6.
Ro6 TUNKEEFRDLEMRE
Table 6 Classification standards of prediction accuracy grades
JEZE L C 1

(6)

RO P 55 2% e ) REME P
L Posteriori difference ratio C .
Prediction accuracy level value Error probability P
1% (LR (Good) <0.35 >0.95
2 2% (BH%) (Qualified) <0.50 >0.80
3%% (—f) (General) <0.65 >0.70
4 CREHD (Rejected) =0.65 <0.70

1.2 BHERIR
B A P B HE TGO SR P AL L R 2L R R

SemiBdR SR E ChEAMHSGIHESE (20062021) )
DA 24 4 S o R T AR N AR D BE R T AR, DA SRR AR
SEBRFE AR AR ER A AR, HUR kB (R E
FEEGEHEL (2006—2019) ) Al (b [E R A Siit 4 %
(2006—2021) ) 5 A H - IEHHARIN E A IKFE . N
Tk KRG AHAD AR AEYHAR, KRG b e HE SO0 54k
FH S b /K FE AR TR AR s A b f W oS 40w PR AR £/ A A
U e B R A (CPEAMN S FEYE (2006—
2021) ) Al (P ESTHESE (200620210 ) 5 HHEE
GO EHE R E (hESTH Y% (2006—2021) ) F (R
ERMAES (2006—2019) ) 5 Hodr, . 8. 554
B, RV FIEH

2 GER55H

2.1 HihF RSO R =EH S
2.1.1  #bA) R AL 5 T AL

2 7 AT A, 2005—2020 4F A [ A R FH 1 i
BRI, T I b [ B R HE BRI T RE . BT S
EEAEWH ETEER, M 45459177 J5miE
81 800.853 J3Mi, 4EYMEHE 3.740%. EAATI =, HEB
HFBRIC ) BT T =AM B 55— B 2005 —
2014 FNFCHRTHII,  #EHUR] B SRR A R
VBT 32 B RS IR . 1R N 45 459.177
IR E] 72 278.079 Jilli, “FEHIHE N 4.746%.
BrBE 2015—2016 4F im0, 20 R 45 H 28 1k
FISZI, BB AE FH B 2055 . 13 ARIC M 762 18.429
i B E] 69 024.797 Jilli, “T-HIBFHE A 4.836%. 5=
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BB 2017—2020 FHOd G, BRI 70 498.736
JIUEHETHE] 81 800.853 Jilfi, “PHIFKHEA 3.787%, Hid
TRk, R <=7 e E RO R TR
FAERSCHE G SN, FAREREAR SR ES, B
Hh o AR SR AR B =, BRI EBOR AR BB, i
— BT BB G N T R RE

AN BRI 2 “eTH a7 AR &S, 2004
—2015 4E, HJe RS BUR B < — 5307 HRBUE AR
MV, AV A A IS IR, B AR BN DR FH 5 1 i,
IKFEFAE AU AR IZ D P e, AR F iR R B S
P, 2016—2020 4, “+=A07 KRJBIIE A A S
AR R M St , R MR A FE A A 7= 2

B, R AEBOK TP K. IR EE R, f£=
KBV o 7K RS AR R0 A FH 38R HE TR be ok, 03l
50.460%~52.437%H1 35.398%~36.886%; FHUGEHFHIA
FERRAERG S EEN 11.486%~13.361%.

BB G DEH AN B3 EASH, N
108 314.085 5 Wi inF| 148 871.874 Jy Wi, 4FHyHh
2.008%. JLHAE 2016 )5, Hirth LRy RpL A A 25 3L
B S AN BT T AR, DA RN 1038 K A T R 4
&, AT REMTRRE M, ILFEHEZ S RIED T
T T AR A = B R AR IS, bR Re 7 I ER FH 42
BET VIR RS . BRAh, A ERA JRRD R R R AR 25 A
HE— SR R AR KPR T B

F 7 2005—2020 FHEH T R EBSCER
Table 7 Net carbon sink of cultivated land use in China from 2005 to 2020

TR Carbon source T Carbon sink

gy PHUSEPBOR AR i g " PRI Mg B
Year pcr:)l(litlll\éztsegaiabr:i Carbfc; gnelr;lilcszlons Farmland soil cAaIbon The tftal/ Gro%vﬁ s,  Cultivated lanii Growth Net carb40n Growth

emissions/(10* £) cultivation/(10* ) emission/(10” t) (107 t) carbon sink/(10" t) rate/% sink/(10™ t) rate/%
2005 7 219.646 32959.827 22 675.436 62 854.908 108 314.085 45459.177
2006 7 458.995 33 470.891 22 959.999 63 889.885 1.647 111 810.233 3.228 47920.348 5.414
2007 7 768.949 33 041.519 22 361.827 63 172.295 -1.123 110 071.566 -1.555 46 899.271 -2.131
2008 7 869.884 33 409.307 23 904.764 65 183.955 3.184 116 638.916 5.966 51454.961 9.714
2009 8 121.200 33 850.105 23476.772 65 448.076 0.405 118 706.562 1.773 53258.485 3.505
2010 8373.450 34 131.858 23791.267 66 296.575 1.296 123 660.125 4.173 57 363.550 7.708
2011 8 603.389 34347915 24 044.199 66 995.504 1.054 129 251.735 4.522 62256.232 8.529
2012 8 814.842 34 433.493 24 278.280 67 526.614 0.793 134 288.452 3.897 66 761.838 7.237
2013 8962.336 34 633.097 24 524.494 68 119.926 0.879 137 868.159 2.666 69 748.233 4.473
2014 9012.084 34 630.240 24 659.676 68 302.001 0.267 140 580.080 1.967 72 278.079 3.627
2015 9 141.397 34 523.069 24 751.761 68 416.227 0.167 144 634.656 2.884 76 218.429 5.452
2016 9 051.740 34 480.337 24 757.717 68 289.794 -0.185 137 314.591 -5.061 69 024.797 -9.438
2017 8 855.168 35130.222 25008.839 68 994.229 1.032 139 492.965 1.586 70 498.736 2.135
2018 8515.826 34 493.134 24 579.145 67 588.105 -2.038 140 251.387 0.544 72 663.282 3.070
2019 8179.632 33 926.427 24 582.432 66 688.491 -1.331 142 671.272 1.725 75982.781 4.568
2020 7 968.655 34 362.540 24 739.826 67 071.020 0.574 148 871.874 4.346 81 800.853 7.657

2.1.2  HHA) R AL R B A& B 4 AR

W E S B IR JE AT Bk AR P S RN B R ER
BoROSES 5, B R BRI TN . 4
Ry H. FEEHI X T R EEH RA TR A &4,
M DL A AR B R A 0, AR SOCRBUR £ 7= X 1 43 X
T7 AL BRI L b 2648, T HLREA2 78 77 e I b 1 A
FERB AR A P A, R SRR R BRIR . BRI S Bk
Ro Kkt (EZMBEShKIPMMRIHNE (2008—2020
) ) BRI AR, B, WEEE . LT EHARL B
BIL iR, ME VLA, 22, L. idb. 9.
PUIEE 134 (s O MEATRERE X, EEA
FriE AP R X, i, SE. R LAME
EAEPIRIE, RRAEEFABRAEA X N E BT B A A B
Ml X Bpvg. UV ER. RN . P, Bk
P HR . Bl TE. S 1 ANEG KOERNT

EORE =8 T X B dbat. K. L. Wi, MR,
7R WS T AN G BN ERREAE X

H B 1 BT, 2005—2020 4F B R FH 135
KPR 23 X EFHER, RE 2 X2 ol Kk R
H B A=Y BN TR A PR R R R K, AR R [E]
W R s T HAL X . Hd, REE~X. PP X
A4S X B8 5531 58.477%- 169.531%F1 139.255%. -
s X IR AR, BRILTE B E8 IR E R,
TSR AR, SRR, REHHHFR]
FIC SEMAE . B R R %Y. NZE a0 EE,
2005—2020 FE#HHA ARSI AR B 277 X >4
B > = T IX >R e EH X, RURE F~ X BEARHE
HIRICRE T, 4 e “ X B br b 752 R H X 3,
TRR B P2 T4 XOFN 324 X BB T D e AR, 72 AR AT
MR AP R AT A
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Fig.1 Net carbon sink in China and its grain producing regions

from 2005 to 2020
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oK, HLFERFEZ B THIX gk Aol Rk R
LNV B IR = RSP E R

2) KA A, P IXORTE A X B R 3 B A%
AR BB 3b AU, KR S X BRI AR T
BRE A oM S, WEE BB D N, BIIX AL
AN, RPEFXIFHILE R BT, XAPHHF A
TR ZE BB A /N o WUERS JR R IR I Z A0 3 %,
Tt B A 93 PR B T2 7 X AR A A [y B bR FH B
HX Y B

HHE] 3¢ mI AT, B4R b, AR =4 1 XA bR 5
BRIC R B R TERE LA N I A # 8y, IR (E 3T BT
T, AR RZETAR T8, U BT X P R 5 e HE g
RHECZE B Ko P47 X AEAIE 503 P9 4 2 R4 UG A%
. PRUELE 2020 FFEARSE, 1 BT XAE SR BT s X
EYHEH

PP 3d TN, AR TR Y X BRI AZ 5 B bR AR AL
AN G#E), WESE “RAERT FRE, O
AW, XIEEDY R, RFX NI ZBT K.
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Table 8 Results of decoupling elasticity of net carbon emissions
from cultivated land use in China from 2006 to 2020

R AE

Ffy Year  ACO,/CO; AGDP/GDP e Net carbon emission
characteristics

2006 -0.054 1 0.098 7 -0.548 6 o i
2007 0.0213 0.144 3 0.147 7 G5 )
2008 -0.097 1 0.144 1 -0.673 9 o I )
2009 -0.035 1 0.0850 -0.4124 Gk
2010 -0.077 1 0.206 8 -0.3727 Gk
2011 -0.085 3 0.136 6 -0.6242 o I )
2012 -0.072 4 0.1178 -0.6144 o I )
2013 -0.044 7 0.097 2 -0.460 1 Gk
2014 -0.036 3 0.063 6 -0.570 3 Gk
2015 -0.054 5 0.0523 -1.042 8 o I )
2016 0.094 4 0.028 7 3.293 6 ok B
2017 -0.021 4 -0.020 7 1.0310 iR
2018 -0.030 7 0.058 4 -0.525 4 Gk
2019 -0.045 7 0.044 5 -1.025 6 o I )
2020 -0.076 6 0.048 4 -1.580 6 o I )
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Note: The data of Hong Kong, Macao and Taiwan are temporarily missing, so they are not included in the research scope.
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Fig.4 Changes in comprehensive zoning of cultivated land use in China from 2005 to 2035
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Fig.5 Prediction of net carbon sink and decoupling status of comprehensive zoning of
cultivated land use in China from 2021 to 2035
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Spatiotemporal evolution and comprehensive zoning of net carbon sink in
cultivated land use in China
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3. School of Management, Fujian University of Technology, Fuzhou, 350118, China)

Abstract: Net carbon sink from land-use change has been one of the most important factors on the process of cultivated land
use. The comprehensive zoning optimization of cultivated land use can be an effective way to realize the green and sustainable
development of agriculture and improve the net carbon sink level of cultivated land use in China. A theoretical basis can also
be provided for the protection of cultivated land at the national level, and the optimal allocation of cultivated land resources. In
this study, the trend of net carbon sink of cultivated land use was estimated in 31 Provinces (cities and districts) in China from
2005 to 2020, particularly from the perspective of carbon source and carbon sink of cultivated land use. The dynamic evolution
and interval difference were analyzed using Kernel density estimation. The decoupling effect was also established between the
net carbon emission of cultivated land and agricultural economy. After that, the comprehensive zoning of cultivated land use
was optimized to combine with the decoupling and characteristics in the main grain producing areas. A Grey Model (GM) was
utilized to predict the change trend and decoupling status of net carbon sink in each comprehensive zoning from 2021 to 2035.
The results showed that: 1) There was a fluctuating upward trend for the net carbon sink of cultivated land use, with an average
annual growth rate of 3.740% in the study period. The spatial difference of carbon sink capacity was much better in the main
grain producing areas, compared with the rest. 2) Kernel density estimation shows that the regional gap of net carbon sink of
cultivated land use was gradually narrowing. However, there was still a regional imbalance. The main grain producing areas,
the balance of production and marketing areas, and the main sales areas all showed a trend of diffusion to the high-value
carbon sink areas. 3) There was the mainly strong decoupling between the net carbon emissions from the cultivated land use
and agricultural economy in the study period. A comprehensive zone was achieved for the coordination of economic and
ecological benefits in the most provinces (cities and districts), except for Beijing, Shanghai, Guangdong and Hainan in 2020.
4) The GM predicted that the carbon sink capacity of cultivated land use would maintain a steady growth from 2021 to 2035,
and there was the strong decoupling status of each comprehensive zone. Consequently, it is very feasible for the unification of
economic and ecological benefits in the future cultivated land use. The finding can also provide a strong reference and
guidance for the “double carbon” goal in the field of cultivated land. Finally, the targeted optimization strategies and directions
can be greatly contribute to the coordinated development of economic and ecological benefits of cultivated land use in the
whole country and various comprehensive divisions, in order to achieve low-carbon, green, and high-quality development of
cultivated land use.

Keywords: land use; carbon emission; net carbon sink; comprehensive zoning; grain producing areas; evolution trend; kernel
density estimation; decoupling model; grey prediction



