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Spatio-temporal evolution, regional differences and convergence of carbon

footprints of farmland ecosystems in the Yellow River Basin
XUE Zhongwei, QIN Huiyan”*

School of Economics and Management , Northeast Forestry University ,Harbin 150040, China

Abstract; Farmland ecosystem serves dual roles as a carbon source and carbon sink, underscoring the importance of
examining its carbon footprint for the advancement of high-quality agriculture. We developed a carbon footprint model
incorporating the carbon source & sink approach to assess spatiotemporal evolution traits and investigated regional disparities
and convergence tendencies using the Dagum Gini coefficient and o tests. The results showed that; 1) Carbon emissions
from farmland in the Yellow River Basin generally exhibit an initial increasing trend followed by a decrease, averaging an
annual growth rate of 0.94% ,whereas the carbon sink has shown a consistent upward trajectory , averaging an annual growth
rate of 2.41%. The carbon footprint generally showed a fluctuating decline, dropping by 17.80% , and displayed a spatial
distribution characterized by higher values in the northeast and lower values in the central and western regions. 2) The
average contribution rates of inter-regional and intra-regional disparities to the overall differences were 26.86% and
59.84% , respectively. 3) Significant o convergence characteristics are observed in the lower reaches, while no clear
convergence is evident in other regions. Given the significant spatial variability, a shift towards a coordinated low-carbon

development strategy for the Yellow River Basin’s farmland ecosystems is recommended.
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E=EA+E +E +E +E+E +E, (1)
E,=GxA (2)
E,=G,xB (3)
E =G, xC (4)
E.=(AXD)+(W,XF) (5)
E.=GxG (6)
E,=G,xI (7)

A B e A i B v SR HE I i (k) 5 A AR A 7= i A e A IS B HE il i (kg ) 5 E, A F AR 7 it
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Table 1 Carbon emission coefficient of farmland ecosystem and its reference sources

ELAY Bk R A SRR

Tndex Carbon emission factor Reference source
UL Nitrogen fertilizer 2.116/ (kg CO,/kg) g 22)

WAL Phosphate fertilizer 0.636/ (kg CO,/kg) Wigg sl 22]

HIIL Potash fertilizer 0.180/ (kg CO,/kg) g 22)
A A Compound fertilizer 1.770/ (kg CO,/kg) CLCD[]

42} Pesticide 4.930/ (kg CO, kg) ORNL 2

AR Agricultural plastic film 5.180/ (kg CO,/kg) IREEA24)

4% HHHE Field husbandry 16.470/ (kg CO,/hm?) 2] iy e [ 25)

A AL 3 F7 Farm machinery 0.180/ (kg CO,/kW) West 226

A FHPEE Trrigation of agricultural land 266.480/ (kg CO,/hm?) B as27]

T HuFIBF Ploughing soil 312.600/ (kg CO,/hm?) Hh B Al R A g 5 s AR e (24
A FH4EH Agricultural diesel fuel 0.593/ (kg CO,/kg) ielelE

CLCD ; H [ A= iy JE 1 3R BUHE %2 China life cycle database; ORNL: 38 EAZ A [ F 52855 Oak ridge national laboratory ; IREEA ; B F A1 K 2%
AN G IR 5 A A FRBEWF 5T BT Institute of Resources & Ecological Environment of Agricultural; IPCC; Bt & F BUM B <=L TZ R &

Intergovernmental Panel on Climate Change

(2) REVEBRGRAFEE
A A S RGP AR i Z AN i AR MOE LE K Ar BB R R
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C=2C=226(1+V)(1-Y)/H, (9)
Krp . C & AR HARANEY BRI (V) 50 ARIEVIRISE; C o i FERVEMIIRIC A (1) 52,0 @ ZERIEY R ™ &
(1) 3G i ZERAEYI R Vo § ERAVEYI R R Y.l i ERAEIIIK 9 R BGH N | RV 2
TEREL, BRI 222
K2 ENRBREBESEETEREVRCUESE R

Table 2 Reference coefficients of carbon sink calculation of main crops in farmland ecosystem of the Yellow River Basin

UBIIES iR K B EL BT R R L
Category of crops Carbon content Water coefficient Economic coefficient Root top ratio
JKAE Rice 0.417 0.120 0.490 0.600
/NFE Wheat 0.485 0.117 0.400 0.400
Tk Comn 0.471 0.130 0.400 0.160
27 Millet 0.450 0.130 0.400 0.200
i3 Sorghum 0.450 0.130 0.350 0.270
K Barley 0.485 0.120 0.400 0.400
2 Beans 0.450 0.130 0.350 0.130
K Potatoes 0.423 0.700 0.700 0.180
Fi4E Cotton 0.450 0.115 0.280 0.120
L Ol crops 0.450 0.130 0.100 0.040
JRZE Bast fiber crops 0.450 0.130 0.100 0.400
HTE Cane 0.450 0.680 0.750 0.260
3K Beet 0.450 0.700 0.600 0.720
JH I Tobacco 0.450 0.150 0.430 0.320
TR Fruit 0.450 0.900 0.700 0.250
#R3 Vegetable 0.450 0.850 0.830 0.250

(3) M4 R G L A5
o0 T 265 2R 9 0 2 28 2 SR 9 B 7 5 1 2 = b TR, 2528 ( CEF) 3R A 2 7
CEF = E/NEP (10)
NEP=C/S (11)
1 CEF R A S R G LT (hm? ) s E AR A S R G BRHE U B (kg) s NEP R4 AR ZS 22 40 5040 1
R & (kg/hm?) 3 € A FUARVER BRI B (k) 38 ALY (hm?) .
WA H A= 25 ZR G S5 4% FH AR SRR 0 VE UK, XY FH A 25 2R G i J a0 A 8 7K 3 ) 7R 32 Y TR 22 P gl
SRR RZIE T R H AR R Z B2 AR ST, BRI s 08 .
CER=S-CEF (CEF<S) (12)
CED=CEF-S (CEF=S) (13)
X CER WAESBEA;CED HABRT .,
1.3.2 Dagum 3&JE R
Dagum &2 2B 5L 580 BB F2 IR TG B EL , 7T LU 205 At ke ol [X. 22 1 114 G 905 L B 45 REAR 8] 4 32
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4 = [aF () [(p =) d F,(x) (19)
Py = [dE(p) [(p = x)d Fi(x) (20)

K p=n/n,s,=nxy/nyj=1,2,3 ks D, R j TR b TR I B AL 500 A MR S0 5, R j FRER b T
ZIR RS R 25 (E, T AR R j FRERT b FRE p,>p,, MREASE Z R B0 58 s p,, B AR SR B , 7T LA fi
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Fig.1 Temporal changes of carbon emissions from farmland ecosystems in the Yellow River Basin from 2001 to 2021
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Fig.2 Spatial variation of farmland ecosystem carbon emissions in the Yellow River Basin from 2001 to 2021
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Fig.3 Temporal changes of carbon sink in farmland ecosystem in the Yellow River Basin from 2001 to 2021
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Fig.4 Spatial variation of farmland ecosystem carbon sink in the Yellow River Basin from 2001 to 2021

17.06 ,57.46 .65.81 .0.97 .8.87 .4.09 J7 hm” , H.FP B 45 78 2003 4F Hy AR £ 0 1A e A DA B bt ¢ 25 i [R) sk
A EFE] 153,71 5 hm®, HOA R LS BT T 29.09 7 hm? {HJ2 2 2+ = 07 B HR = AR
TAET 22 ) DL S CH A UL el AR BRI ) (8 50 Bl S B B A 5

NEE AT AR P A 2 R G 2l 5 AR SR W O E (B S) A AR ¥R Tk 2 i, RoRAE
i AR AR R RO T AR S R A AR SRR T R I RS AR R A RIS BH BT ek AR

http ; //www.ecologica.cn



8 1 B A ST UR A P AR 28 AR SRR AL S I 2 A | DX S R A Bl 3653

—e— WL e EIRE A ETEAR

/(X 10*hm?)
154
f=1
3

AZsAR A
Changes in ecological carrying capacity

2000

1500

1000 Fo—e o o o o—o—eo—"* . *——eo . . e .

500 -

0 1
— 4 N T v O - 0 & O ~ &N o F wnvn O >~ o o O @ —
(== e — = = I = I« e D D D S
S 3 S 33333 S o o o o o o o o o o o 9
A & &8 & & & &8 & 8 &8 ada aaaaqaaaqaqaaaaa

443 Year

5 2001—2021 £EHEARBRBAESREEEDSEKEAN

Fig.5 Ecological carrying capacity of farmland ecosystem in the Yellow River Basin from 2001 to 2021
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Fig.6 The change of carbon footprint of farmland ecosystem in the Yellow River Basin from 2001 to 2021
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Fig.7 Spatial variation of carbon footprint of farmland ecosystem in the Yellow River Basin from 2001 to 2021
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