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Abstract: [ Objective ] To investigate the spatiotemporal evolution patterns and driving effects of net carbon sink in
Ningxia's farmland ecosystems under the "dual carbon" goals. [ Methods] Taking the region's farmland ecosystem
as the research object and based on the carbon emission factor method released by the Intergovernmental Panel on

Climate Change (IPCC), a calculation system for net carbon sink in farmland was established by measuring the
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difference between carbon absorption during the crop growth period and carbon emissions from agricultural
production activities. The net carbon sink volume and net carbon sink intensity in Ningxia from 2003 to 2022 were
calculated. ArcGIS visualization, center of gravity shift model, and the standard deviation ellipse were employed
to characterize the spatiotemporal characteristics of net carbon sink in farmland. Furthermore, the Logarithmic
Mean Divisia Index (LMDI) model was applied to identify the main driving factors of net carbon sink in Ningxia's
farmland. [ Results] 1) In terms of temporal characteristics, total net carbon sink in Ningxia's farmland showed an
overall increase during the study period, increasing from 3.38 X 10° t in 2003 to 7.56 X 10° t in 2022. Additionally,
the net carbon sink intensity exhibited a rising trend, rising from 2.55 t/hm” in 2003 to 6.35 t/hm” in 2022. 2) For
spatial characteristics, the distribution of net carbon sink in Ningxia's farmland across counties shifted from a
pattern of "higher in the northwest and lower in the southeast" to "higher in the north and lower in the south". The
center of gravity of net carbon sink in farmland moved from Lingwu City in Yinchuan to Hongsibao district in
Wuzhong, with a shift distance of 40.15 km. 3) In terms of net carbon sink sources, chemical fertilizer application
was the primary source of carbon emissions in Ningxia's farmland ecosystem, accounting for 36.06% of the total.
Corn was the main contributor to carbon absorption, representing 50.90% of total carbon absorption. 4) Net carbon
sink efficiency in farmland and agricultural labor were negative driving factors for net carbon sink in Ningxia's
farmland, whereas economic development level, urbanization level, and agricultural industrial structure were
positive driving factors. [Conclusion] Farmland ecosystems in Ningxia exhibit significant spatiotemporal
differentiation in net carbon sink, with the carbon sink effect strengthening over time. Optimizing both agricultural
industrial structure and crop planting structure can effectively strengthen carbon sink capacity of farmland. This study
provides theoretical support for ecological carbon sink management in arid regions, offering strategic guidance for
developing carbon emission reduction policies and achieving "dual carbon" goals in northwest China.
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Fig. 1 Overview of the study area
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L3 B HE i ZR B e B
A i 5.180 0 kg/kg AR K 2 Al B R 5 A S MBS T (IREEA)
qe 2 4.934 1 kg/kg 5 EAR B U ] 5K 9230 %
e 0.859 6 kg/kg WEST %100 5 R A A I8 [ 52 526 2%
T E 266.480 0 kg/hm? Mz 4% WEST %1%
L& 0.592 7 kg/kg BRI S AL 171 % 2 (IPCC)
bk 312.600 0 kg/hm? Al R A S E R B (LACAV) Y
TR AR HE O A 1.3.2 ZToBHHER 5| AE OSSP T E A
Eco,=SX T X EF, (3) VI A 2 ) AR AL R, LABIE 58 X 42 1% Ja ok 5080 A

K Eco, T JERF I 7= A () B i, 25 S Bk i 1T AR
hm*; T4 B [0, a; EF, A 4 8 0F 0% i HE % 2, g/
(m* ), 25 G L E AR T RS0, 7 2+
S I W e HE T3 A B D 333.85 g/ (m®+a)
it FH CHL 1) HE 75t 38 106 €48 0L 28 A4 15 20 i 1
o GRATO) T3 2, BRI A R
Em;:iﬁJ<HZXGWPmJ (4)

K Eey, A H CHHERUE B350 CO, Y 'l , 154
R H AL SO (RO RS I RE AR R, hm™ EF 55 4
FhEI KRG ) B e HEC R 7 kg/hm?® iR 38 Rl =K
AT PR Z f i m CRRAT ) ) 7 1 R e HE PR, U
231.2;GWP oyl FBE () 4 BRI T P AV, B 29.8%,

A& HNLO HE RO 3 AR

Evo=(Fw+ Fox+ Fe )X EF, +

(Fsx+ Fox+ Fer )X EF, (5)

K Evo AR H E 2 H T NO & 5H CO, Y it
{H L t5 Fox DA% F A 48 e FH AR IE A9 600 A JE 65 Fox
A H A HE s ) 30 R EUEA B G Fodc B RS AR IR
M/ ik H &, GEF, M /o B A A R N0
HE 6 HE A 7 BUE 4 0.010 5; EF s M &L £ A
77 A2 7K B NLO HECRY HE R - BUIE R 0.004 1. 2y
O 2% SCk[31 ],

FI AR AN

C,=C—Ec—Ew,— Eco,— Exo (6)

C,
S,
Ao COMF AL R 50 COY A, 6 C R AR
ARG ERE COCY B, s EcA R A=
P ABRHERC SRR COL Y 7HE Lt E ey, I RE H CH,
HEHCE IR CO M B AH , G E co, A HEMP I A5 1)
S G E o AR H L AEHER NLO B3 5 CO, S 1 H
t; CoM IR t/hm*; SO RAEYIRE Fh T AR, hm”,

C,=

(7)

RO, i B GISH A, TSRS G i 2 (1] JE0 AR g

DIPX,
X=41 (8)
P
k=1
> Py,
=" (9)
>p,
k=1

S XY 0 A T A R O (R 2 4 AR A
PR A MG i A BB AR X Y 0 3R 58 A
MG TIT 14 28 26 8 A 5 m oA 7 L P 5 1) b T A4
D, ,=RXJ(X,—X,)+(Y,—Y,) (10)
M Do A ER w A BN 5 o AR O RS B 1Y R R
km; (X, YO (X, YO58 5055 o il o 4F 77 5 A 1
BT T AR s 5 R A K L B A A 5 ik SF- T AR A Y R
BOBUE A 111110
1.3.3 AR Z MR i o 22 W B2 T 48 s b 32
B 2% (8] 4 A RRAE Y 23 () gE vt vk nl i A 1R
O KAl R Oy A SRR R BT T H KR
FH 4 i V1 114 235 1] 40 A B Y A8 R AIE
1.3.4 LMDIAA  LMDIFE RS A 5% 4 bk 70 5K 3l K
R R TR B i o6 e 0 iR 22 1 Fe . AR E
FEIETY R LMD R, X 7] BB 52 M0 7 5 A FH e I 1
UK B R 2 A3 AR T, DA L i b T80 ARl 7=l 45
F A 28 5% & K- IR KT ARl 55 8l 145 54
D5 R ZE A% B I S . SEAE LMDI 43
PrAESR | 77 AR T i T A 9K 50 DR 28 0 fidf oo
C=X,+X,+X;+ X, + X, (11)
2 XA R AR SR AR I 5 ™
I EUAE /78 s Xo AR P M 254 ol B 5 4k
AR 7= (B AR, TG 4R 5 X ARl 26 5 e K
- R AR S A SN B L E
JC/ N XA KT Rt S B SRR ST

http. // stbexb.alljournal.com.cn



384

PSRV R 3

%039 %

A4 FUARL, JC 49 s X A 57 80 1 AR BT, A
AR I LMD 73 i 1k 1 A SC 3, T o0 i

Ac:c,—coziaxw
C,—C,

Aszz:m
KRR (=12, , ;0 HEEW C, o8 T
4 A FE e Bl 11 5 C ok 6 1 08 e FE e s 31 5 AX, 4390
PR 28 o X6 R FH Ve sk Y1 1) A% Ak i 1) SR AEL 2o
2 #RE5H5R
21 FERESRKCHFESE

AR AR (D~ (DM E 537 5 2003—
2022 4F A H i I 1 sh A2 E O (B 2) . il 2a
Vi T et A Ak il £ RTEL A il 2R, 7 R T
W S AEBF S BN SR S BT 20224F T H
A T ¥ BRI B K B 7.56 X 10° t, A & T 2003 4F 19
3.38X10° t 4K 123.67% , Kk E T a4 & (R°=
0.9 A F ¥ K % 4.10% ., HIAKFE,2003—
2007 4, ¥ i I Gl i AL B AR P FR . 2007—
2016 4F , B fifc il Bt SR 2 BT, 2016 4F ik i
1 (7.16 X 10° © & 2007 4F ¥ il 1 1 (4.07 X 10° © Y
1.762 1% . 2016—2018 4F , ¥l it VI 2 T
RS | TE, 2017 4R 4% g I 2k 6.04 X 10° ¢,

2016 4E R R % 15.70% , F B ##ig Kk, 2017 4F
_(a) f<H

(12)

(InX, —InX,°) (13)

1 AR ) s 110
O T i 8 e —e— PR LLHE —— BRI AL
= —48
=
ﬂl@ =46
)
!
= 14
=
&
—2
0

ROE-ai

—_
e
T

LA E/(1051)
=

PR EE 15 /%
VRS8R /(t-hm )

A FH I i & 2012—2022 4 () Je Il . 2018 4F- 4+
BRI SR 7.29 X 10° ¢, 38 2017 4E A LA 4 20.72 %0
2018—2022 4F , ¥rfm 11 1 I 3l A8 £k , 2022 4F ¥ ik 1 A
AL 2018 A A Mg 3G N 2.70 X107

H T 2b AT e I 58 R AR R AR Ak
PRI, LA M T A, R R TR S R
PO i (R*=0.94) , 4& W ¥ Bk I 58 J% i 2003 4E Y
2.55 t/hm* 3 K F] 2022 4F 1Y 6.35 t/hm?, 4E 7 ¥ 3 K
K467, Hod, 2017 A H K E &N, N
-15.70% , 2018 4E IR b B KAl Fe K, 20.72%

1 2¢ FTRI, T A T AR FH VO B B X O IR
{EH o 2003—2022 4, 7 B & 17 1Y Bk I & 52 N 6] 1 722
fhka s, ST A B gl G K ol B R
T YA HH Il i SR S B Bl BT, I 2003 4F 1Y
6.04X10° t LT+ & 2022 4F () 2.49 X 10° t, 4FF- ¥y 35 K
KA T.32% o ARNITIT A A FH sk Y4 A 2 Sl 488 o i
#2003 4E 19 9.34 X 10° t 34 Ain & 2016 4E 1Y
171X 10° t, J§ MU /b & 2022 4E (1% 1.50 X 10° t, £ W
Ly 7 e T A il VI A AR A S AR A R B AE
2018 4F , Jy 1.17}X10° t, e /IME 1 3 7E 2003 4, Ky
6.91 X107 t, [T A4 F il AR L B $ e 5T v
WK, MR 1 F 2006 4F 4 4 BRI B iR Kl
0.45X 107 t,2014 41 2020 44 FH Bl BB 2 1k
WEAE, Forh 2020 ARl i e, i 1.53 X 10° to

_(b) & H

I T s —e— BF Lot

wrmEnes 1

(=)}
T

@ &

i 1 B R 1 L Sl

2 2003—2022FEFERBSHmILCHTTHL

Fig.2 Spatiotemporal variation of net carbon sink in Ningxia's farmland from 2003 to 2022
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Fig.4 Center of gravity shift trajectory of net carbon sink in Ningxia's farmland from 2003 to 2022
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Fig. 5 Sources of net carbon sink in Ningxia's farmland from 2003 to 2022
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