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Fig.1 Theoretical framework of carbon transfer and responsibility
sharing in grain trade
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Table 1 Carbon emission responsibility distribution table of grain trade based on the principle of shared responsibility (10*%)
X TR X X IHE WA X T X g o HINX X THME A XTHE
Output arca Amount trarllsf.er of Input arca Output} area Input area Output arca Amount trar.lsf?r of Tnput arca Output. area Input area
carbon emission responsibility responsibility carbon emission responsibility responsibility
L5 7.00 18.58 Gl 24.59 10.49
ki 20.24 20.25 i 22.26 20.62
22 Anhui 086,71 %)ll 78.85 99.07 ¥ ¥ Hunan 389.78 TE 28.51 29.96
g 100.00 113.50 i} 76.41 40.52
TR 64.47 184.62 I 7R 37.37 99.05
L 104.90 175.23 i 6.60 1.02
it 3.16 0.67 Jex 17.31 50.77
HA Gansu 3979 il 41.97 13.99 Fot 3333 38.13
g 6.14 8.25 . ] 43.57 78.40
W% 483 077 MK Jilin 1461.19 - 2977 106,17
Tt Hebei 145.86 Bivll 9.82 4.83 Lifg 55.19 173.50
REE 31.54 12.27 7R 42.34 251.49
bt 29.25 29.16 I 7R 53.38 480.22
iy 7.04 0.24 EIN 32.58 31.70
L5 3.46 6.46 N Eizy=: 26.03 44.48
- 1725 173 VLVY Jiangxi 552.61 s 1815 1897
i 13.72 9.66 began 91.44 229.96
R 85.12 40.52 =M 476 6.73
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- . 1704.87
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3 i i —B T AT B R, AL, FEREAE AR I A,

A RGN BURIEANE g9 1, EERIAE L
WIS R R E AR
M E AR K BAT BURERE S, Xt “ BRRIEFHM”
PR BN SS M, 140 2020 AE BTSN . H AT
Rl B0 H R E R 5 LA B i 4 AT SR AR I Bl
RIS, Bldn € DU SN SR SR
CotPUT ERERERRIRIFIRLY HmiA it B [ 2K 1)
LSRR PREEEE S R EETT, T “ FRARREFELE” (IR
SR EBOE AN TR 2 E I Bl 2020 FEHHNE AN
S ERE A L T SRIOEI T —E IR,
MBS, HTENSBETIBE2ZIR,

KB L ERATRIE 2P, AR pAS ETE, - 0 TR R
FARARBR L, BB ok T BRI S e . M
AT HIATORE, RG0S EUR % Lk, &
RN T R, DRI W2 T T 35 095 1 R T
KHEST o WARBWUHEIATRE, BENG WA « BT B H
S i SO A % DXOBCIE PRI S, X IRER R s %2
BH, Rty a7 SR SER . AR R
BOAWIAE, A TE A AR & 52 5 S VR R VA A0
TEBETE XS T8 PR AR 5 (i, RRATES & &St
B, EREDHERER TARE A I RAMPEIA
SO, DLSCBE O ) 5 AR S (0 0] 5 0k, R SR R
LA .



16 1

WA PR PR 5 5 T e 1 2 AU A% R S L St AE 2 48 7

A 57 S T8 b 3 43 A X B A8 T A A R X
WEMTTE, R0 H TS SR kIO R, DL
2 P& BN = B I A5 R R BR 1, SR T 2R PR
RIBE R4 BrofR € 58 G G L EAT T 400, B Bn IR £ 57
5y 68 F B B 5 B R S g SR, DRI IR B R
SRV R B REE W, A TENS, 24
PERLRIAE T O 4 S B & AN, BAERE R S|
A BT E RS . MRS Rk E, — A

SRk e S AR A R B o EIE ™, R B E
R o5 2020 FE R SRS BRI B,
DRl L ] DR A A BR R & R 5 . N T x4tk
RN AL AT € VP, AR AT DL AU AR £ 57 5 2K
P, E I ST RUSCAR AR £ 57 2 BN G e 0 T 28 ) 4
PE DL S 48 B n] Sk

B BRAR A 5 B R B AN R AR B A 5
50 N 7 SR AR AR B ] S P B s e AR T
B3, EREAGIMEIEM L, BHBER R RN
YA = AR [ B HE R, A ik 2 A
S Al IO A e B T RO BRHE TSR S R
VI 71 REFFEEREA R, MBI 94 5=
NS AE. S K. H R SR R AR,
T aEESEBREE. RIEERAAEES, TR K
AT 4 [ R R AN, Gl R R A B HR AR
R ek L PR B S [ X S R Bk sty ) ) 26 = W7, i
FRA A P BRHR U S 45 IR T H A .

4 HER5BEREN
4.1 % i

AHIF TR 2020 H 7 [ 31 AN AT X A TH £ 8
BT B 5 2R MR R 5 R A 57 5 R A
BRI bR & 51 5 SO AT TR, s 73
TR R RARE R 5 A E s 8
EERVT T & B0 IR E R G HE ST AR e . B4
WUR:

D fEAIRE R S SR E R SuHius HH,
XFEHRIL. HEdb. FdbmER X, AKX EEN
PiEg . EEAELEMX . 2020 FEEBRERA S RERN
1.53 12 t, H, Ft X op R DGR X 2 T ) A d s
712654 75 t, HAGBEM 46.7%, HEILHX Zit sk
k261738 Jit, HAGEEMN 17.1%, WEILHX it
A% 455.51 Jit, SRS EEN 3.0%, ErhHiX H
THE AN 5 069.71 Jit, R 5 RER 33.2%.

2) WERSHHAE = L2 “IbEi.
Brvis” M mASR, RE R S A RN “FE—b”
K “HR—07 NRERE. Wby VG, 5.
T BRI, 2. TOUE. R, Wb, WIEE. R
THE PR A ER R X, BT R E R
SR I 9 119.82 J3 t, AR5 AR & 57 S ik
BOR B I 2 229.49 J5 t.

3) HHE R AR 5k HE O RS T R A N X X
M5 LA B RRHE TR SR o i H X 23 H B el 3k L A5

P48 29.5%, HN X LB 70.5%. 13 AN
A TE S AT JE R ek cHE 57 4T P RsHEFBURS A2 A ) eI
24.52% ~ 80.74% o 40 J7 W T far X 98 HE BT AT N
3347.57 J3 t, f i DX U AT A EORR B 52 2 kR 7%
=R/ 8 001.74 75 to

4 MXIEMAT S, fFd X 2f. B, Sk,
VG, WEE . PG AUET SR o LE B, HR .
B PN = I = 1 s =B B R T =t
4.2 BUEREW

P[] 54T 05 T 4 30 DX S Wip [ alcHl 0 T S EUR £
A, A E TR R A EER L. X
TREEIR & 24, A4 B AL X S8 B g J Ak 53 1T
PEH DU BRI D FRE AL, fdb. vEdbAntedih
XM= EAE, e, ERAE R X R a5,
WFARI b, PRI X S, BRSO
T, FEOR T 57 e, HERER LB E R S8R,
A B B2 AN T R 2R T8 S8 MR B 22 A 5 R s MM, RSN
RAFHRME, REFRE~gfaE. X Trurg. £
HERMIX M5, Sf Bkl SRRk, Biib# «HE
AL, IR R N FT R, R e
XAM AU, B0 e EAR R R, KEZFR
TR, HRERERERE; 2) Raklsgt
AP, BRARORR Bt X R . S B AL 2278 A
AV KE HE T AEFE MR A, AR BRI E, S
gl A r= 5%, DIBREIRAR & A= IR S G 3) 25K
TR T R E B MR R S M. DARHER
TR R NSE, Bla i b X 55 Xk
WHETHE, E G EEMIRAMEARE, IRRZ LI HME
Jra, R K EAME R A, A X . HEBh AR
AP AT 0K ” B AR SEEAR LS Bt T 4) M
XKL FAUE] . B TR 52 5 B HE U N X 8 0
Z O ARTE AR IR A AR B S 2 PR RIS X, B X &
TR Z BRI ST, RUknr Do < —xf—" 5k “—
P27 QX IV ERALE], G5 R IA L X AT LUK 4 5 7%
B/ X PR et RO AR P HR . 3% 5
HEHEARTE T, DASEEL A2 L B 1) 2 A A e o

(& £ x #]

(1] REG X2 AL X REIR — B — 2 i 5 8 R il

R — BRI NBI0]. T EA A SRS, 2012,
22(5): 133-138.
Song Ming, Liu Xuemin. Early warning research of energy
industry of sustainability development in Shaanxi[J]. China
Population Resources and Environment, 2012, 22(5): 133-138.
(in Chinese with English abstract)

[2] Z47)7, o8, Bk, . 5T Copula BEHIK-FEIR

SR E A e KRR [T]. R TRESR, 2021, 37(8):
332-340.
Li Hongfang, Wang Huixiao, Zhao Ruxin, et al. Estimating
the symbiosis risk probability of water—energy—food using
Copula function[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2021,
37(8): 332-340. (in Chinese with English abstract)



8 My TFESHR (http://www.tcsae.org)

2022 4

[3] Cansino-Loeza B, Ponce-Ortega J M. Sustainable assessment
of Water-Energy-Food Nexus at regional level through a
multi-stakeholder optimization approach[J]. Journal of
Cleaner Production, 2020, 290(3): 125194.

[4] Burrows M. Global Trends 2030: Alternative Worlds[R].
Washington: NIC, 2012.

[5] WhEE, EMK, #74. PER BRI FZEEE
SBOREW(I]. FEAD-BIESHEE, 2010, 20(12): 46-51.
Xie Shujuan, Kuang Yaoqiu, Huang Ningsheng. Main paths
and policy proposals for the development of carbon-sinking
agriculture in China[J]. China Population Resources and
Environment, 2010, 20(12): 46-51. (in Chinese with English
abstract)

[6] Vemeulen S J, Campbell B M, Ingram J. Climate change and
food systems[J]. Social Science Electronic Publishing, 2012,
37(1): 195-222.

(71 skEgE, P, kR, 55 EZORE e SRR H
PRI AR [J]. F AR, 2021, 54(18): 3892-3902.
Zhang Weijian, Yan Shengji, Zhang Jun, et al. Win-win
strategy for national food security and agricultural
double-carbon goals[J]. Scientia Agricultura Sinica, 2021,
54(18): 3892-3902. (in Chinese with English abstract)

[8] Chen Y H, Wen X W, Wang B, et al. Agricultural pollution
and regulation: How to subsidize agriculture?[J]. Journal of
Cleaner Production, 2017, 164(10): 258-264.

[9] P, 2, FhRgE, 5 PR HAR N & POl &

BRI, Ak TREEHE, 2022, 38(1): 230-238.
Wang Kaiying, Li Xin, Lu Jianding, et al. Low-carbon
development strategies of livestock industry to achieve goal
of carbon neutrality in China[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2022, 38(1): 230-238. (in Chinese with English
abstract)

[10] Mz, PR PEAVBEHABENE: EADR. &
B B 2 IR A RRE]. B AR R AR5, 2022(3): 104-127.
Tian Yun, Yin Minhao. Re-evaluation of China’s agricultural
carbon emissions: Basic status, dynamic evolution and spatial
spillover effects[J]. Chinese Rural Economy, 2022(3):
104-127. (in Chinese with English abstract)

[11] Li Y, Li J. How does China’s economic policy uncertainty
affect the sustainability of its net grain imports?[J].
Sustainability, 2021, 13(12): 1-12.

[12] RXRER, 2, #9F, & X OK—th—Re—i”
B M ], HERSHR, 2016, 71(9): 1613-1628.
Zhao Ronggqin, Li Zhiping, Han Yuping, et al. The coupling
interaction mechanism of regional water-land-energy-carbon
system[J]. Acta Geographica Sinica, 2016, 71(9): 1613-1628.
(in Chinese with English abstract)

[13] Petrs G P, Hertwich E G. CO, embodied in international trade
with implications for global climate policy[J]. Environmental
Science & Technology, 2008, 42(5): 1401-1407.

(14] ¥ Sy, FRPTE. U3 M DX IR) 57 B a5 o 1 s e #%

FL[I]. HIEAF TS S HF R, 2019, 38(6): 126-130.
Jiang Xuemei, Zheng Kexin. The embodied CO, emissions
transfer in Beijing-Tianjin-Hebei region[J]. Areal Research
and Development, 2019, 38(6): 126-130. (in Chinese with
English abstract)

[15] Duan J, Nie C, Wang Y, et al. Research on global grain trade
network pattern and its driving factors[J]. Sustainability, 2022,

14(1): 1-17.

[16] EA 5, b, ST, 5 SRR E 5 5 A% E &I
SEM R ZR(T]. FARBHR AR, 2021, 36(6): 1545-1556.
Wang Jieyong, Dai Chun, Zhou Mozhu, et al. Research on
global grain trade network pattern and its influencing
factors[J]. Journal of Natural Resources, 2021, 36(6):
1545-1556. (in Chinese with English abstract)

[17] B&H, kE, ZEE, 2. 19872016 FEHEREH

Gy W) 25 0% R AR I T 5 G ) 2 A R VRS (], BEUR AR
2021, 43(4): 838-848.
Lv Mengke, Zhang Lijun, Qin Yaochen, et al. Spatiotemporal
pattern of Chinese food trade and structural security
assessment, 1987-2016[J]. Resources Science, 2021, 43(4):
838-848. (in Chinese with English abstract)

[18] mrsFA, FRRR, AP HTEBME ST R &

BRRART I YRR, 2014, 37(5): 135-139.
Gao Shoujie, Guo Guangyi, Dai Xibo. Research of
inter-provincial grain transport costs based on GIS network
analyst[J]. Logistics Sci-tech, 2014, 37(5): 135-139. (in
Chinese with English abstract)

[19] Zhang Y, Zhang J, Tang G, et al. Virtual water flows in the
international trade of agricultural products of China[J].
Science of the Total Environment, 2016, 557(7): 1-11.

[20] Fu Y C, Zhao J, Wang C, et al. The virtual water flow of
crops between intraregional and interregional in mainland
China[J]. Agricultural Water Management, 2018, 208(9):
204-213.

[21] E4E77, XFR, O, E KRG RIER LR 5 K&
BECRAF AT [I]. FARBHIR 4, 2011, 26(7): 1139-1147.
Wang Weifang, Liu Aimin, Qiang Wenli. Virtual land trades
and external dependences of China’s soybean resources[J].
Journal of Natural Resources, 2011, 26(7): 1139-1147. (in
Chinese with English abstract)

[22] #OCWE, TKERFE, XZIR, & AR R 5L

BRI S S R R [I]. BRIERRY, 2020, 42(9):

1704-1714.

Qiang Wenli, Zhang Cuiling, Liu Ai Min, et al. Evolution of

global virtual land flow related to agricultural trade and

driving factors[J]. Resources Science, 2020, 42(9): 1704-1714.

(in Chinese with English abstract)

RWiE, FBER, A, S FET A AR L U Y R AL

BHIR BN 7 L A E VRN 0], AsF B, 2020, 40(1):

140-149.

Liang Liutao, Tang Linhao, Li Shichao, et al. Virtual

cultivated land flow pattern and its stability evaluation of

based on ecological network architecture[J]. Economic

Geography, 2020, 40(1): 140-149. (in Chinese with English

abstract)

[24] BRME, 4G, %, 2. 3T 31 4 MRIO BRI [E A bR

BRI R Tt AN FREFL[T]. HH EIREERL 2, 2020, 40(12):
5540-5550.
Chen Hui, Wen Jing, Pang Jun, et al. Research on the carbon
transfer and carbon equity at provincial level of China based
on MRIO model of 31 provinces[J]. China Environmental
Science, 2020, 40(12): 5540-5550. (in Chinese with English
abstract)

[25] F L3, JR5%, WiooH, S PEE Ca BT W
T 5 5 e SRR OE )], RN D SR S A,

[23

[



%16 1 ME s J EE PR 5RO M R = Ak R R L ST A4 9
2019, 29(4): 18-26. [35] kA, T EEAARE 5 KR IE 2 80 5 7

(27]

[29

—

[30]

(32]

[34]

Meng Fanxin, Su Meirong, Hu Yuanchao, et al. Embodied
carbon in trade of China and typical countries along the “Belt
and Road”[J]. China Population Resources and Environment,
2019, 29(4): 18-26. (in Chinese with English abstract)

ERT. T HRA S0 2002-2012 48] [5 %45 X B
BRI KM R 2 /0T [D]. | M BER K, 2018,
Wang Zhenyu. The Measurement and Influencing Factors of
Carbon Emission Transfer in China’s Provinces During
2002-2012 Based on Inter Provincial Trade[D]. Guangzhou:
Jinan University, 2018. (in Chinese with English abstract)
IR, PhEE. “EBRE B —RH M SRR S
e EAERITL). MEEHTTL, 2019, 45(3): 114-126.
Zhang Tongbin, Sun Jing. A research on the structural
characteristics and transmission path of the “international
trade carbon emission” network[J]. The Study of Finance and
Economics, 2019, 45(3): 114-126. (in Chinese with English
abstract)

RIATE, B[R BRI I 2 KA 5 R ) 3R 40 AT ).
FEAD  BEERFEE, 2020, 30(8): 21-30.

Yu Juanjuan, Gong Tong. Analyzing the deconstruction and
influencing factors of the global carbon transfer network[J].
China Population Resources and Environment, 2020, 30(8):
21-30. (in Chinese with English abstract)

B, AT, BTN I i i FE % 7k
WHESTEI C[I]. FEEEFHETL, 2010 (5): 27-35.

Xu Yingzhi, Zou Fang. Carbon reduction responsibility of
China's industries based on the input-output analysis[J].
Industrial Economics Research, 2010 (5): 27-35. (in Chinese
with English abstract)

£, AN, o [ 48 G D TR HE TR ST AT A% 7 ik R
ML HEAR - BFESHE, 2014, 24(4): 27-34.

Fu Kun, Qi Shaozhou. Accounting method and its application
of provincial electricity CO, emissions responsibility[J].
China Population Resources and Environment, 2014, 24(4):
27-34. (in Chinese with English abstract)

Tao X, Wang P, Zhu B. Measuring the interprovincial CO,
emissions considering electric power dispatching in China:
from production and consumption  perspectives[J].
Sustainability, 2016, 8(6): 506.

EICIR. A R B R R RS DI FE S SR R[], 3
B4 BFHEFT, 2018, 3(1): 19-36.

Wang Wenzhi. Calculation on net value of carbon emission
transfer between China's provinces and responsibility
sharing[J]. Jouranl of Environmental Economics, 2018, 3(1):
19-36. (in Chinese with English abstract)

i, TRALHE, R, SF RS E PR S xR EK LB
PR IRz M), BEIRARHE, 2008, 30(11): 1723-1728
Ma Jing, Zhang Hongqi, Li Huixian, et al. Impacts of
international grain trade on utilization of water and cultivated
land[J]. Resources Science, 2008, 30(11): 1723-1728. (in
Chinese with English abstract)

BRHEVE. i [ X AR 51 5 A 75 10 B R KR Bl R
PHN[D]. #v: PEALARMEIECRY:, 2020

Qian Haiyang. Development of Quantitative Method of
Inter-provincial Grain Trade and Evaluation of Virtual Water
Flow Pattern in China[D]. Yangling: Northwest A&F
University, 2020. (in Chinese with English abstract)

[36]

[37]

[38]

[39]

[41]

[42

—_—

[43]

[44]

FL[D]. Kb WIEIITE RS, 2021

Zhang Guangjie. Study on the Calculation Method of Water
Resources in China’s Interprovincial Food Trade[D].
Changsha: Hunan Normal University, 2021. (in Chinese with
English abstract)

Sun S K, Yin Y L, Wu P T, et al. Geographical evolution of
agricultural production in China and its effects on water stress,

economy and the environment: the virtual water
perspective[J]. Water Resources Research, 2019, 55(5):
4014-4029.

WU, FIRE, AR, REMRE AA R R,
BRI B SR AH[I]. BRI, 2019, 34(4):
881-889.

Yang Mingzhi, Pei Yuansheng, Li Xudong. Study on grain
self-sufficiency rate in China: An analysis of grain, cereal
grain and edible grain[J]. Journal of Natural Resources, 2019,
34(4): 881-889. (in Chinese with English abstract)

B, Bt dhei, & REFTORAE SRS 5HE
PP NI, HARTIEZAR, 2017, 32(6): 927-936.
Xiao Yu, Cheng Sheng Kui, Xie Gaodi, et al. The balance
between supply and consumption of the main types grain in
Chinal[J]. Journal of Natural Resources, 2017, 32(6): 927-936.
(in Chinese with English abstract)

PO, R, BONR, S PEERORE S 5 I E
P Hb R SIAER[T]. HUFRBFFT, 2016, 35(8): 1447-1456.
Ben Peiqi, Wu Shaohua, Li Xiaotian, China's
inter-provincial grain trade and its virtual cultivated land flow
2016, 35(8):

et al

simulation[J].  Geographical Research,
1447-1456. (in Chinese with English abstract)
] REFE. ARV 7 BT IR I Bl A A 2 B8 AL G 3 ] AT
F—RT “ALkmiE” & T REGE ] Mg S
S, 2017 (8): 28-31.

He Huishuang. Research on the compensation of the rights
and interests of ecological capital in the flow of agricultural
potential resources-Data analysis based on the pattern of
“Northe Grain South transportation”[J]. Price:
Theory&Practice, 2017(8): 28-31. (in Chinese with English
abstract)

XEPL, RHETT, Ao, XIREEUER Rl T R Y L AL
WF 5 —LLIAE & NI [T). RSB, 2012, 21(9):
1533-1538.

Deng Xuankai, Liu Yanfang, Li Jiwei. Comparative study on
regional carbon footprint of energy consumption calculation
models: A case study of Hubei province[J]. Ecology and
Environmental Sciences, 2012, 21(9): 1533-1538. (in Chinese
with English abstract)

KIUAERRE. o 4 I B e # D S ST AR Zr 4B AL[D). B
B IR ZR:, 2021

Liu Fukang. Study on measurement of provincial net carbon
transfer and responsibility sharing in China[D]. Jinan:
Shandong University of Finance and Economics, 2021. (in
Chinese with English abstract)

Wang Z Z, Zhang L L, Ding X L, et al. Virtual water flow
pattern of grain trade and its benefits in China[J]. Journal of
Cleaner Production, 2019, 223(6): 445-455.

BRILAE PR, ILRBHZ WIRAEARMLBIHT: BT E
FEBe B e B AR R ET]. RRIETTAR Y, 2020, 4(6):



10 gl TREZAR Chttp://www.tcsae.org) 2022 4E

11-14. stable grain production[J]. Issues in Agricultural Economy,
[45] Zhang Y G. Provincial responsibility for carbon emissions in 2020(4): 13-22. (in Chinese with English abstract)

China under different principles[J]. Energy Policy, 2015, [47] FHRIL, TR, SH20E, % 2010 45 ERIEVIFVIH

86(11): 142-153. AR R JR ], AR, 2016, 36(19):
[46] BhiR, EREE, XIBHH, . il 28 9% 175 % TR E AR 7 %% 6318-6327.

A R o AT SRR E PR R [I]. RLA BRI, 2020 Wang Yihong, Wang Meiyan, Shi Xuezheng, et al. Spatial

(4): 13-22. patterns of net primary productivity of crops in China[J]. Acta

Zhong Yu, Pu Mingzhe, Liu Mingyue, et al. The impact of Ecologica Sinica, 2016, 36(19): 6318-6327. (in Chinese with

COVID-19 on China's food security and suggestions for ensuring English abstract)

Spatial pattern and responsibility sharing of carbon transfer in China's
inter-provincial grain trade

Yang Qinglin', Zhao Rongqin'*, Luo Huili*, Zhu Ruiming?, Xiao Liangang®, Xie Zhixiang®, Sun Jin®

(1. College of Surveying and Geo-informatics, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. College of Geography and Environmental Science, Henan University, Kaifeng 475001, China)

Abstract: The spatial pattern of carbon transfer is of practical significance for the responsibility sharing of carbon emission
reduction. It is a high demand to explore the inter-provincial collaborative strategies of carbon emission reduction for food
security. In this study, the inter-provincial grain trade and the carbon emission were calculated to determine the spatial transfer
using the linear programming model of carbon emission in the grain trade. The cross-sectional data was selected from 31
provincial administrative regions in China in 2020. The distribution characteristics were analyzed for the carbon emission
responsibility sharing of the grain trade in each province. The results were as follows: 1) In the carbon emission pattern of
inter-provincial grain trade, the export areas were mainly distributed in the northeast, north, northwest, and central China,
whereas, the import areas were mainly in the southwest, south, and east China. The total amount of grain trade was 1.53x10% t
in China in 2020. Among the grain export areas, northeast, north, northwest, and central China transported 71.265 4, 26.173 8,
4.555 1, and 50.697 1 million tons, accounting for 46.7%, 17.1%, 3.0%, and 33.2% of the total trade volume, respectively.
2) The carbon emission of grain trade showed the flow pattern of “North carbon to South and China carbon to the west” in
space, indicating the small flow from the south to the north and the east to the west. The national export areas of grain carbon
emission included the Hebei, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, Gansu,
Ningxia, and Xinjiang regions. The carbon emission flows of the grain trade in the north-south and east-west directions were
9 119.82x10%, and 2 229.49x10*t, respectively. 3) The input area was needed to pay greater responsibility for the carbon
emission reduction than the output area in the process of carbon emission transfer of grain trade. Economically developed
provinces presented a relatively large share of responsibility, while those with smaller economies were relatively small
responsibilities. There were 29.5% and 70.5% average proportions of carbon emission reduction shared by the output and the
input area, respectively. 4) In the principle of shared responsibility, there was a low share proportion in Anhui, Heilongjiang,
Jilin, Jiangxi, Inner Mongolia, Shanxi, and Xinjiang in the export areas, and the high share proportion was in Gansu, Hebei,
Henan, Hubei, Hunan, and Ningxia. Influenced by the assistance effect, economically developed provinces provide more
assistance to economically underdeveloped provinces and will assume more responsibility for emission reduction. In general,
based on the principle of shared responsibility, it is not only conducive to controlling carbon emissions in export and import
areas, but also plays a positive role in stabilizing the output of major grain producing areas. Therefore, the study puts forward
targeted strategies to ensure regional food security and fair and reasonable distribution of carbon emission reduction
responsibilities among regions, so as to achieve the win-win goal of “carbon neutral, carbon peak” strategy and food security.
Keywords: grain; carbon emissions; emission control; carbon transfer; spatial pattern; shared responsibility
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