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The spatiotemporal distribution and driving factors of agricultural net carbon sink in northeast agricultural
areas

ZHANG Hui, ZHANG Liwen, HE Zhenghong

(School of Public Management and Law, Northeast Agricultural University, Harbin 150000, China)

Abstract: Agriculture has dual roles as a carbon source and a carbon sink and is an important component of China’s goal of achieving
carbon peak and carbon neutrality. In terms of fairness in agricultural carbon emissions, it is of immense importance to comprehensively
control agricultural carbon sources and sinks and clarify the driving factors of agricultural net carbon sinks to achieve low—carbon
agricultural development in northeast agricultural areas. Based on social and economic data and agricultural production data from cities in
Heilongjiang Province from 2000 to 2020, we explored the equity characteristics of regional agricultural carbon emissions and the driving
factors of net carbon sinks using ecological carrying capacity models, economic efficiency models, and geographical detectors. The results
showed that the total amount of agricultural net carbon sink in Heilongjiang Province demonstrated a fluctuating upward trend, from 1.21x
10"t in 2000 to 4.02x107 t in 2020. Qiqihar, Suihua, and Harbin had the highest net carbon sequestration in agriculture, with the three
cities accounting for over 51% of the carbon sequestration in Heilongjiang Province. In terms of agricultural carbon emission equity zoning,
the dual high zone primarily concentrated toward Harbin, Heihe, and Suihua in the south and central regions, whereas the dual low zone
gradually concentrated toward Jixi, Shuangyashan, and Hegang in the east. The dual low zone is gradually developing toward an economic
high—value zone, ecological high—value zone, and dual high zone; however, the gap between different cities is still significant. The area of
arable land area and the mechanization level are the main driving factors for the spatial differentiation of agricultural net carbon sinks. The

results of interaction detection show that the interaction between arable land area and mechanization level has the strongest correlation with
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other factors. The net carbon sink is most affected by the interaction between the mechanization and urbanization levels. Heilongjiang

Province must develop differentiated green agriculture control measures based on the specific situation of each region to promote

sustainable agriculture development in northeast agricultural areas.

Keywords: agricultural net carbon sink; fairness evaluation; geographic detectors; driving factor; Heilongjiang Province
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1.1 ARXE
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11.3%, FEFHEAREAEY R E K KR ZEAN
5 AR A BiSE GRS AR .
1.2 HH#ERIE

A5 H A AR AR B 5 K 5K ) PR e
T AR AE AR 25 A Bl 4, & AR i D
TR, Al B (B WL 2 77 SF 5 ¥ B E 2001—
2021 AR VT4 ) A5 M T e AR % DL M
LA B 2012 4EFF I FH 9o B L () i Pt
BN i A M A T AL BT, AR
UERHF TR () — S0Pk, A i R B R e A (i
#NFF o AT X R R T A R B BB 2
BRI ST BT BT IR R R A 5 B oG 3 Chittps 7/
www.resde.cn/) o
1.3 AR FiE
1.3.1 AlbRsHE R e 5

(DRFEHRA

http://www.aed.org.cn



WELE FRIERRRIEHICHZESARIEIHEE

2024458

BET TPCC kR il 28 Hh0k 0 3504 8 5 A B R
FEE T SRR R T O B s 4 T B TR A
HER B A 43 AR IE A2 AT AR AN B
6 MR IR, 3T AT

C x=C+C,+C,+Ci+C+C, (1)
s C o MR TR TR BRI B, ke ; G Cy
Co i\ Co  CAT R AR ot B AR IE A 25 AR P A
BIL TR R B A R b A AR HE AR i ke AR E AR
RSCHRTERE, 8 AR BABRARBOH A X
R D,

(2) 4% H N0 HEJik

A H N.O B HEHRCEL A5 RUIE AL FFS FHE H
HE Y N2O o AR (48 P 3 ACMR T 5 G 1 46 7 ) v
FUE B e A vk o AR

Ex,o=(N wm+N sem+N gsr ) XEF 13 (2)
A Eno S HAEAR TR BAEHERCR kg N we AL
JE H 8 RN 2 kg s IV e R ST FENE Hp B U0 FH 4
ke N o A TS A A H AP 9 RE H i kg EF 532 R A
A H AR, 29 0.011 4 kg kg

N i THEA R

N iere=(H e+ H e )X (1-EF ) (3)
A Hoge 0 BN & ks Hugan R A IEH A&
i, # 300 g- ke THA EF e A FHALIE ROT R 1Y
R L], 10%

N BT A

N = T X Pox Fi K (@)
KT IR E B EGE, ks PO IR & & 2
EHEHE R, kg d 7 B o, HoAORE A 41 37 R 45 8 180
ds FORSS IR E & 2SR B LB, % KR oS IR &
PZEME S AR, g kg's AR ABIZEIRIM AT

BAGTERITAR AT LB ML, LS
Bk 2,
NarTFE AR

N%ﬁzzBiXZiXJixHi (5)
=

A BORER R B i ks ZOR SR i R R BO RS
FERPRLLE 5 J oA 5 i PRI B RS FF 5 R, g kg5 HioA
S i FEYIRIE T L), %o AHRSEILER 3.

AR N0 (AR HE ORI AL 13 EF 7 & 26 b iy
A NG K 23 KR DL S R/
PRV AR R AKRTIT S R 649 N0 HE, o307k 5
FHRZSHOR T (8 Pl 22 UATE PR 45 ) o

R2 ERTRITERE

Table 2 Calculation coefficient of nitrogen in manure

ik FAHRM RS FHELHE L FEEE AR

Speci Fecal excretion Returned to soil  Nitrogen content
L coefficient of excreta/%  in feces/(g-kg™)
¥ Pig 53 kg-d"! 65 2.38

f Sheep 0.87 t-a 33 10.14

 Horse 59t-a’ 44 3.78

3% Mule 50t-a’ 44 3.78

4 Cattle 7.7 t-a 30 3.51

' Donkey 50t-a" 44 3.78

R3 BRATHBITERY
Table 3 Calculation coefficient of nitrogen for straw

returning to the field

AT 5 i

& H ]

GBS FEFTFERL LG . .
C Str: ain rati N content in Returned to soil
=k TAW BIAILEAHOrawl ( g-kg™) of straw/%
JKH Rice 0.9 9.1 30
/N Wheat 1.1 6.5 45
F K Corn 1.2 9.2 20
G2 Bean 1.0 21.0 80

R 1 RELNEEH R B SRIR

Table 1 Carbon emission coefficient and source of agricultural inputs

Tl AR TR HEif 2 A
Carbon source Formula Carbon source input Emission factor/(kg-kg™ ,kg-hm™)
AL HE Chemical fertilizer C=GiXAs G 156 i A B A kg An=1.740
(Aln %EHE ,An ﬂ‘j@&ﬂﬂ ,Au ﬁWHE ,An j‘]EQHE) An:0.165
A;=0.120
As=0.381
42} Pesticide C,=GxB G, AR AL kg B=4.934
AR JIiE Plastic sheeting C.=G.XD G A A i kg D=5.18
4L Agricultural machinery C=(AXE)+(W.XF) AN RAEYIFEFI R, hm? E=16.47
W AR LS ), kW F=0.18
WEBE Trrigate C=AXG A HAT SRR TR, hm? G=20
FHAH Ploughing C=AxH A EIFFE A, hm? H=312.6

http://'www.aed.org.cn
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KAETREG I NLO [ HE A R

N =N 1geXEF je+N semXEF s ) XEF g (6)
s Ve Ry KA IR TR R 1) NLO HECR ke
EF s 2% 78 i FH 25 IE R oT 2 0 $5 & L 49, Ry 20%;
EF 278 L3 10 AUTRE R [A) 4 HR A K 7, 2 0.01

kg ke
FIERNEARRL S IS NLO [RIRERER T B AR .
Niwwen=(N g+ N sem ) XEF 55 XEF oo (7)

s Nien N T IR MRS R G AT NLO HERCE ,
kg s EF s 22 78 B2 AL 10 & 2 EL i, R 20%;
EF i 2% 715 1 58 R0 7 42 0 00 0] 322 HE R 7, Ry
0.007 5 kg-kg ™.

(3)F H e

T SRR VT A RS AT AR A, 7 A A Tl
SRR 2 WORE RS P AR A CHLAE S B AR IR 2
— o MIRCE GO = SR AR e R ) T Ty
2%, FRE B HE R 5 K RS T AR A SR BT
5 HH CHL I HE R, BRI A F

C =), I X Aa X M, (8)
o C o AT H G HE I B, ke 1A /K F G HR
B HE A T L kg - hm2(Lh CHL3 ) , HAATE H L HE ik
RO 45 AN £ TR K FERE PP TR, hm?, M,
N SRR R 1 CHLITS 1 Rk BT % R0
A4 T 25 ¢ CO.(ZYE 6.818 t C) FT 77 £E A L 28 3000
Bi1tCH=6.8181C.

(4)F B

A GRS A A A TG sl AR P E kR
SR 1Y CH,, H A = e,

cﬁ:ifvi X(C1; + C2) % Men, (9)

XA Coa NE BRI MBAUR R  ke;i N E EF
FE NS iR BB CLORSE i P & & il K
FR) R BRI R 88 €2, 09 5 Tl & 2 (4 P A4 R o HE
SR H Mon, 2 HBE S I G40 8, ] 6,818, 3%
5N B IR H bR R B (BRI T IPCC) .
1.3.2 AV B i e i 44

AE 3 2 6 VR FIPEE 28 SR Bl 3R 5 5 i
WAL A, XA T WSO A T AR VRS G 7

RS BEFERRHIEMAER (kg- k-2, ACH)
Table 5 Methane emission coefficient from livestock and poultry

farming(kg-head™'+a™', calculated in C)

Carb?r%loiurce Gl 2 Carbiij?}iurce G G
% Pig 1 3.5 7 Cattle 47 1
- Sheep 5 0.16 || & & Poultry 0 0.02
T Horse 18 1.64 9 Donkey 10 0.9
3% Mule 10 0.9

Ry, AR 22 i, A S AT R T AR R
(T e, AR MR 32 3 R

n

Z:iZ;Z[Si X B; x(1- Wl)x(l‘l'R,)]/Hl (10)

i=1

i Z R BRIC &, 1 285 VR 25T B R
Wt SN | ZERAE IR BCR s B AR i A AE
W7, v Wk B L A EORTR o 1 B K RO S i
KA IR T L 5 H O 5 i RN 205 R R
Jie AH DG BIF T VR PR 2 MR I B L 6 R )
TP LT R BRI (R 6) .
1.3.3 Albveicil f it o

Al Ve B 2 AR AR AR T B0 i 5 | R R T

F6 TERENMEFRY BRKE SKEURRTLL

Table 6 Economic coefficient, carbon absorption rate , water

content, and root—to—crown ratio of major crops

. N 5K i LR
FAEYRA B RAEY) Carbon GkE HEH L{Jl?ﬁ?&
. X . Water Root to Economic

Crop type Major crop  absorption . ..
content crown ratio coefficient

rate

WEEY JKFE Rice 0.414 0.120 0.600 0.450

Grain crop /N3 Wheat 0.485 0.120 0.393 0.400

FK Corn 0.471 0.130 0.156 0.400

A Potato 0423 0700 0.175 0.650

2% Bean 0.450 0.130 0.129 0.350

ZNEY) HEOil 0.450 0.090 0.040 0.250

Cash crop g2 Ramie 0.450 0.130 0.400 0.830

=% Beet 0.407 0.700 0.720 0.700
JHEE Tobacco  0.450  0.170 0.320 0.830
B> Vegetable  0.450  0.900 — 0.650

T 2RO AR L SR 2R S A, AU U85 18
Note: Potato represent the crown—to—root ratio; The variety of
vegetables is complex, and their root to crown ratio are not considered.

R4 KEHIERHEE RE

Table 4 Carbon emission coefficients for rice planting

T FA BeHE T 2280 Methane emission coefficient T 2R 3
Carbon source W8 Recommendation value Jli [Fl Range Conversion coefficient Reference
T 1 Paddy 168.0 112.6~230.3 6.818 (8 Gl 2 R il aE )
— 508 — http://www.aed.org.cn
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SRR 2 E, BT AR

Cu=Z-C, (11)

C=C g+ Crm+CoxmtCos (12)
K Co AN BB, 5 Z R ARAEW A WK
Wos s, BIARIC &L, t; Co AR A 77 1 B ik I s it
t5 Cpene «C e C i C s TP B ARBERA R H N0 7K
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1.3.4 R BRHE AP
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R
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ESCZ;/E (13)
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Ecc:?sz (14)
Y YR TSR IR AR AR 7 A
WA ECCH>1 KRBT A HE B AT BT (1 2 5% BTk
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1.3.5 AR R sl K 2 43 Bt

(1) 3R 3h P R e H

AT G A A v I B R, S5 B A DF
FEIN AR ST AR AR TR SR IR S =AY
TEBCA Ll A 7™ S (X)) AR ™l 2548 (X2) ]
FHAL K (X3) BRI B (X4) Ak IR it P a8 (XS)
UL K- (X6) R (XT) (BE7K (X8) A H BE(X9) 1
IR B R 2R AT

NI A 77 AE 2 K R A0l & R R 3
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DA G S AR AR SRR R AR LU (R o

BUBRALIKF DU A K P32 T BE B8 42 = A D5 A1
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SIRFNFEIK SN K 22 AR AR K, i
X ARAE ™ 477 A ), fe BN T AO BT o

H R H BUREY AR K B OB VR i Sl 2
R, 5 BIRACR B

(2) Hb BRI 2%

by FRARIN 25 A e B s 1] A3 S M A [ e
i AT A3 3 A2 B PR U0 A (] 9K 5l R - 22 TR 1Y 52 B
YEF, BIERINA [] 31K 2y [R5 )V A A R A 2 38
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SR RRAR B A, Ry T G oA R R VLA Al i
T A SR 3y R 2%, A BiF 90 ) P el LR gt A5 75, 2
NI AR 7= BB A ™ b 2548 AL AT B
TR AR it FH 5 B2 LA A K P AR Rk R H A
9 R AR I IK Bl R TLAA Al i I N TE R 2=
BARAL T

iNh o

=1- =] 15
q No? (15)

K h=1,2, L, BAS R 0S80 N AT N AEL 53531
R A3 h FEEAS IR PN BT B CE:  onf o Al R oy
Jh FIXIRN AR 5 220 g AR IRCNT0, 1], ¢ (L #
T, BAS R MR, i 2 55 5 g (55T 1 5%
0 B 27 IR A8 £ 25 (0] 43 S 4 1) A8 0 50 A ol a5 4
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2 HRESW
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Fz7 2000—2020 £ 2R TIHRHIE BOLEMEBICE(10' )

Table 7 Carbon emissions , carbon sinks,and net carbon sinks of Heilongjiang Province from 2000 to 2020( 10* t)

A Carbon source

fiftiI- Carbon sink

g — : — L

Yr s g R SRR WEER mepn  ewpe SUSEK v
input N,O Rice planting husbandry source Grain crop Cash crop sink o

2000 170.74 61.97 106.44 195.27 534.42 1554.54 192.66 1747.20 1212.78
2001 170.81 62.65 103.03 206.60 543.09 1599.57 182.60 1782.18 1239.09
2002 173.91 64.33 99.95 224.80 562.99 1812.44 225.33 2037.77 1474.78
2003 170.02 62.66 84.90 262.94 580.52 1434.32 156.73 1591.04 1010.52
2004 195.10 75.28 110.23 299.74 680.35 21238.81 156.52 239533 1714.98
2005 197.95 77.63 127.31 324.25 727.14 2517.70 185.37 2703.07 1975.93
2006 219.45 78.97 139.41 285.13 722.95 2812.20 195.53 3007.72 2284.77
2007 230.83 76.61 138.19 215.97 661.60 2753.77 175.47 2929.23 2267.63
2008 240.53 84.65 577.47 297.25 1199.91 3449.94 193.65 3643.59 2443.68
2009 257.19 91.57 177.58 324.99 851.34 3843.70 82.76 3926.46 3075.12
2010 274.92 98.84 193.88 357.82 925.46 4 541.16 126.55 4 667.70 3742.24
2011 587.61 217.55 228.08 381.76 1415.01 4988.72 127.19 5115.90 3700.89
2012 329.36 105.17 260.23 400.00 1094.76 5763.44 133.98 5897.42 4 802.66
2013 320.34 101.90 282.21 412.05 1116.50 4754.49 109.99 4 864.48 3747.98
2014 330.00 105.42 285.93 403.48 1124.83 4934.72 96.61 5031.33 3906.50
2015 335.92 103.67 272.43 373.65 1 085.67 5009.62 82.84 5092.46 4 006.79
2016 336.76 100.94 267.68 349.69 1 055.08 4390.00 92.37 4482.37 3427.29
2017 558.03 95.61 268.55 229.02 1151.20 4017.58 85.58 4103.17 2951.97
2018 332.66 93.23 255.12 219.74 900.75 4311.77 74.42 4386.19 3485.44
2019 371.21 110.34 435.66 214.16 1131.37 5085.22 74.78 5 160.00 4028.63
2020 378.83 111.68 443.17 217.09 1150.76 5101.65 72.62 5174.27 4023.51
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Figure 1 Spatial distribution of net carbon sink in Heilongjiang Province from 2000 to 2020
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8 2000—2020 & BT E R WERHEN ESC . ECC B2

Table 8 ESC and ECC coefficients of agricultural carbon emissions in Heilongjiang Province from 2000 to 2020

HiIX
Area ESC ECC ESC ECC ESC ECC ESC ECC ESC ECC
IR IEE 1.044 1.316 0.975 1.135 0.896 1.080 0.868 1.087 1.004 1.094
FEFTIHEIR 1.288 0.983 1.144 0.942 1.100 0.818 1.088 0.722 1.107 0.762
A7 0.860 0.940 0.726 0.873 0.879 0.949 1.014 0.989 0.734 0.765
1 i 0.879 0.813 0.854 0.948 0.551 0.663 0.588 0.537 0.749 0.795
PN 1.176 0.876 1.141 1.061 1.004 1.039 1.559 1.015 0.865 0.792
NS 0.544 0.751 0.972 0.948 1.164 1.019 1.258 1213 1.080 1.194
iR 1.001 1.553 0.757 1.893 0.809 2.294 0.727 2232 0.867 2.292
FEARS 1.000 0.691 1.055 0.809 0.779 0.752 0.734 0.692 0.615 0.632
A 0.777 0.660 0.651 0.676 1.149 1.065 1.167 0.782 1.194 0.844
R 0.946 0.851 0.806 1.025 1.073 1.606 1.141 1.772 1.285 1.483
) 1514 1.004 1.416 1.067 1.135 1.083 1.169 1.082 1.785 1.614
a1k 0.859 0.907 1.027 0.883 1.150 0.878 1.091 0.971 1.282 1.308
RIGEWe 0.812 0.994 0.447 1.647 0.837 2.390 0.791 2.598 0.837 2.769

Z 6], ECC Z%0AE 0.537~2.769 Z ] , 20204F KK L
B ML 1) ESC R0 2000 44 T KIE B F T,
K T 98.53% .53.67% F149.24% ; 4+ FHIT. . B in]
FR 2420 5 3 T4, 8 2000 4F 43 51 3
35.84% .17.90% F13.08% . £ A KU L 78 B 5% 40
] ESC U2 I IETH ) B AR AL A (H SR TR RS
P E BRI K 38.50% H126.45% ; X575 8 1 L5
FEUG IR R RIS IR R B AR E I SR AS R
BRI R B R 5 BN 14.65% ., 14.79%
14.05% .13.39% F13.83%. ¥l ECC Z BN 5 , K2%%
W PRV S B B T, ISR T
178.57% .74.27% 1 60.76% , HoHp K 242205 b X ECC
TRBAFEAE BT, KRR AR b AL &0 S B
B EFHIRAE . Frr R URIFEE TR HRR IR K,
22.48% . MGVG MR OURS AR AT RIS b 7E F
IR IR B P8l T RS

SRy it — 20 B A S R 2 R BRORN 28 B AR R BT
23 [] 09 3 A R R L A AR IR HE A P26
B AR LR A SR R B & B8R R B
g R R VT4 45 b X 43 Sk PO A X3 - DR X - B
HEBRBRBMATFERBIKT 1; QKX
RPA: SR RO A TR RE/NT 1; O E
X B A SR R BOR T 1 A F R REUNT 1
W2 EEIX : B RBCE RO T LSRR
BN 1. 2000—2020 4 [ fifk HE 2 - 1 28 78 25 [
A3 AT LU 2 R .

R TE B DX 3 [ g BB A R A UG
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B R AR, #0206 ] i b X = A= A R sl A )
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BASMATITRIE. G H 2000 48X 5 X AR
R AR X, X B VT 2 35 sk AR R TRl
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Figure 2 Spatial distribution of agricultural carbon emission equity types in Heilongjiang Province from 2000 to 2020
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F9 BERTHERIVEHGCTE R EFRUWER
Table 9 Detection results of driving factors for spatial
differentiation of agricultural net carbon sink in

Heilongjiang Province

Ei3 s H+ qfH Pld He¥
Dimension Factor g value P value Rank
My AR A EEXT 0148 <0.001 6

Al 7=l 45 ) X2 0390  <0.001 4

IEEAL KT X3 0.461  <0.001 3

Vs b IR X4 0.818  <0.001 1
AW it FF 58 35 XS 0261  <0.001 5

HURAL K- X6 0.817  <0.001 2

H AR I EE IR XT 0.143  <0.001 7
[k X8 0.048  <0.001 9

H I8 X9 0.060  <0.001 8

Py %) A T BB 2 7 AR AR e R R Al v
BT LA . H AT PR e VA R HE kA L BB B
AL AR AL AR A5 2] T 2 25 $2 71, AW
MERBERE R ORI D7 1 553l , A AR 2 T ARl A2 3R
FETh B E) TR AR

IR IR A b 45 R A HE T 55 8 ) g
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Figure 3 Interactive detection results of influencing factors on the spatial pattern of agricultural net carbon sink in Heilongjiang Province
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