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Spatial-temporal characteristics of agricultural carbon emissions and influencing factors in the Hexi Corridor
from 2000 to 2020

LI Miande', ZHOU Dongmei', ZHU Xiaoyan', QI Haigiang', MA Jing', ZHANG Jun"*

(1. College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou 730070, China; 2. Research Center for
Water—saving Agriculture in Gansu Province, Lanzhou 730070, China)

Abstract: Agriculture comprises a complex greenhouse gas source and sink system. Different regions and planting and breeding conditions
lead to two types of carbon sources or sinks in the agricultural systems. Identifying the characteristics of carbon emissions in agricultural
systems and influencing factors is of great significance to achieve green agricultural development, which will also provide a data basis to
promote the realization of “carbon peak” and “carbon neutrality” goals. Taking the Hexi Corridor as an example, we calculated and
analyzed the spatial and temporal characteristics of agricultural carbon emissions and influencing factors in 20 counties in the Hexi region

from 2000 to 2020. The following results were obtained : from 2000 to 2020, agricultural carbon emissions in Hexi showed a slow increase.
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The regions with the largest agricultural carbon emissions were Liangzhou District and Ganzhou District, accounting for 31.74% of the total

agricultural carbon emissions in Hexi. From the perspective of planting and stockbreeding, the planting industry in the Hexi region was
determined to be a carbon sink, with carbon absorption of 1.41x10% t, and stockbreeding was considered a carbon source, with carbon
emissions reaching 4.17X107 t. From 2000 to 2020, the net carbon emissions of agriculture in Hexi showed fluctuations, but the overall
trend was decreasing, and the agricultural system changed to carbon sinks. In the planting industry, the factor with the greatest impact on
agricultural carbon emission was determined to be planting scale, and in regions with stable scale development, the factor with the greatest
impact was found to be the mechanization degree. The main influencing factors for smaller regions were the rural electricity consumption.
In the agricultural area with a large scale and high proportion of stockbreeding industry, the most influential factor was the stockbreeding
scale, and the correlation degree was greater than 0.9. From 2000 to 2020, the agricultural carbon emission intensity in the Hexi region
showed a process of random distribution to significant aggregation, and the center of agricultural carbon emission shifted slowly to the
southeast, but only in Zhangye City.

Keywords: agricultural carbon emission; grey correlation degree; spatial autocorrelation; standard deviation ellipse; the Hexi Corridor
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Table 1 Carbon emission coefficients of planting industry

in Hexi region

T HeTl 2 K 3CHK

Carbon source Emission coefficient Reference

A3t ) B HE 1bie 0.90 kg-kg ' (LI Ci) [16

]
Agricultural land 2l 4.93 kg-kg (L CH) [16]
uses carbon s

emissions it 312.60 kg-hm>(LLCit)  [16]

A5 5.18 kg-kg ' (LI Ci) [16]

LA S )T 0.18 kg-kW'(LL Cit) [17]

398 N,O HEik INGZ 2.05 kg-hm?(LAIN;O3)  [18]

Soil N.0 Fk 253 kg-hm>(LAN.O)  [18]
emissions

iy 0.48 kg-hm?(LIN,01t)  [18]

WEMEY)  0.001 kg-hm?(LAIN,OF)  [16]

e 421 kg-hm>(LIN,O3)  [16]

FEFFAEReriHE 1.25 kg kg (LA C) [16]

Straw burning carbon emissions
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Table 2 Carbon emission coefficients of stockbreeding in Hexi

region(kg+head™+a™, calculated in C)

T o 18 K T FEfE R i
Carbon Intestinal fermentation Fecal discharge ik
Reference
source CH, CH. N,O
% Cattle 47.00 1.00 1.39 [21]
2 Sheep 5.00 0.15 1.39 [21]
1 Pig 1.00 4.00 0.53 21]
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Table 3 Carbon uptake coefficients of crops in Hexi region

Fer HER SRR SRR

BRI Carbon  Root-to— Water  Economic ik
Crop . .. Reference
content shoot ratio content coefficients
/NAE Wheat  0.42 0.40 0.12 0.36 [17,24-27]
HAfE Cotton  0.45 0.12 0.11 028  [17,24-27]
HEHEY 0.42 0.04 0.11 0.23 [17,24-27]
0il Crop
il Beet 0.41 4.00 0.75 0.67 [24-28]
F K Maize 046 0.16 0.12 046  [17,24-27]
B3¢ Vegetable  0.45 0.10 0.90 0.45 [17,24-27]
W Potato  0.43 0.57 0.77 0.68  [17,24-27]
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14 32 B BTy 1], e i s A e HE T 4 U A B
WA 5 TE AR T 1) 7 A B S A D e o B2 T L B
A BRI 7 ) S SIS
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3.1 2000—2020 F;A A ERAR W IRHEM T
MR 26 4 F1 6 505545 5%, 2000—2020 4= 0] P4 7

JER b DX b i HE A A £ A 1.33%10% v, b SR FE Y Ak
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Table 4 Agricultural carbon emissions in Hexi region from 2000 to 2020

[X 35§, BB AR AR HE AL i Agricultural carbon emissions per year/10° t B S 5
Region 2000 2001 2002 2018 2019 2020 Total/10* t  Average value/10* t Proportion/%

M X Liangzhou 65.23 59.91 63.50 162,72 155.15 151.16  2612.10 124.39 19.67
R E Mingin 28.86 30.65 32.50 61.07 67.22 63.64  1037.89 49.42 7.82
TR H Gulang 21.84 19.75 19.33 46.85 53.38 63.25 710.12 33.82 5.35
KALEL Tianzhu 16.37 16.48 18.68 22.63 27.21 26.00 454.01 21.62 3.42
M X Suzhou 27.18 27.46 24.14 61.07 60.49 60.18 970.45 46.21 7.31
48 B Jinta 17.84 18.01 19.11 35.40 38.49 39.18 616.50 29.36 4.64
JEH B Guazhou 10.32 10.41 14.84 21.65 20.61 20.96 329.57 15.69 2.48
At & Subei 3.89 3.94 3.83 4.88 4.23 4.44 102.89 4.90 0.77
BT g 7€ B Aksay 1.98 1.91 1.87 1.94 2.17 2.24 58.69 2.79 0.44
1T Yumen 10.84 10.82 9.97 24.80 29.34 29.55 420.28 20.01 3.16
HUETT Dunhuang 11.47 9.98 10.47 12.71 9.98 10.69 312.14 14.86 2.35
H M X Ganzhou 38.52 39.28 37.13 103.56 10579  106.19  1602.34 76.30 12.07
7RI & Sunan 9.70 8.59 8.68 15.27 15.91 16.48 287.52 13.69 2.17
AR & Minle 26.92 18.82 23.15 42.03 51.03 51.44 734.05 34.95 5.53
I3 B Linze 14.22 13.81 11.38 38.54 40.41 39.43 622.51 29.64 4.69

i 5 E Gaotai 15.04 15.26 13.06 38.02 35.64 35.77 640.15 30.48 4.82
1117+ Shandan 17.39 12.54 14.79 32.68 34.30 34.99 508.13 24.20 3.83
FURT Jiayuguan  2.26 1.95 1.67 6.33 7.24 8.30 103.56 4.93 0.78
42)111X Jinchuan 5.17 4.68 3.98 19.51 20.95 2232 269.84 12.85 2.03
K EE Yongchang  26.68 22.26 20.44 60.38 62.18 63.01 886.50 4221 6.68
S Total 37172 346.51 352.52 812.04  841.72 84922  13279.24 632.32 100
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Table 5 Structure of agricultural carbon emissions in Hexi region from 2000 to 2020(10*t)

TRl BT

Carbon emission of planting industry

FRE AL

Carbon emission of stockbreeding g 15

A0 o =
e RIS AR g PR - s Cubon
Total power of Chemical  Plastic N o X Straw i uptake
. . o . Ploughing Pesticide  Soil . Cattle Sheep Pig
agricultural machinery fertilizer film burning
2000 0.08 22.64 10.00 18.99 1.73 0.03 185.39 50.94 68.77 13.15 215.56
2001 0.09 23.74 9.92 18.63 1.64 0.03 155.45 51.34 71.52 14.15 173.30
2002 0.09 24.38 16.81 18.44 2.23 0.03 144.59 53.59 76.92 15.46 166.37
2003 0.09 23.62 13.48 18.98 2.25 0.03 135.59 54.65 87.64 16.53 158.73
2004 0.10 24.71 13.58 19.81 2.83 0.03 151.17 56.40 97.27 17.46 175.14
2005 0.11 26.03 13.90 20.30 2.99 0.03  343.59 57.58 108.19 18.91 594.86
2006 0.11 26.13 15.14 20.76 3.15 0.03 348091 58.56 111.14 20.21 609.71
2007 0.12 27.35 15.14 20.88 3.29 0.03 34548 59.51 113.26 19.79 641.18
2008 0.13 27.47 15.25 21.05 0 0.03  344.29 56.19 116.13 13.90 654.71
2009 0.14 28.12 0 21.43 0 0.03 37445 58.51 125.38 14.71 692.77
2010 0.15 29.73 0 21.65 0 0.03 29895 63.21 134.84 15.94 544.64
2011 0.16 29.99 0 22.15 0 0.03  438.56 65.80 141.38 16.25 806.25
2012 0.17 30.90 0 22.58 0 0.03  455.06 65.95 143.79 17.05 858.65
2013 0.15 31.27 24.44 22.97 0 0.03  472.09 66.61 147.68 17.67 918.22
2014 0.18 32.01 0 23.22 0 0.03  489.67 69.35 161.63 18.33 972.78
2015 0.18 31.54 0 23.77 0 0.03  507.12 59.15 160.07 15.64 1032.08
2016 0.14 23.14 0 24.07 0 0.04 51057 58.59 155.03 15.02 1 056.50
2017 0.15 25.33 0 24.98 0 0.04 52553 47.18 141.82 13.75 878.71
2018 0.16 24.71 24.93 25.32 0 0.04 53355 49.09 141.73 12.52 919.28
2019 0.16 23.45 22.97 25.20 0 0.04 55251 52.38 154.15 10.85 987.55
2020 0.17 23.44 0 25.63 0 0.04  556.50 56.87 174.11 12.44 1014.02
ST Total 2.83 559.7 195.56  460.81 20.11 0.68 7869.02 121145 263245 329.73 14071.01
R R 4.19% 0.46%  7.69% 1.52% 1044% 1.52%  8.46% 0.80% 4.91% 0.32% 14.49%
Average annual
growth rate
11251
A BEWRUR Carbon uptake
- -+ fAEL Carbon emission
= 910r
3
£ 695f
£E
JE
XE 480t
E
8
22651
50 L A A A A A A A A A A A A A A A A )

AT LU Y ] 74 A R DA Ml Btk Atk s A

A0 2008 20 0% 0 007 000 AT AR A AN AV 20V H 0V 0V VD VO AEVT VBN 0
A} Year
Bl 1 2000—2020 £ 7 7 7 JBp it (X < Ml e AL B2

Figure 1 Agricultural carbon emission trends in Hexi region from 2000 to 2020

& BT 7 Bk AR A En] LUy S B B BL

2000—2010 4= B S Ik ka3 i HER &= 5 Tk

13 32010—2020 4F F BRI i TaRHEi . 2010
AEFF AR ANV b HE IR A AR, BRAOVAE MR ICATAE -
o i R 2 2010 4 T 46 1] PG A TR Hb DX ARl 5 A
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2000—2020 4= 7] PG 2 JER b DX AR b s IR A B, o
1.41x10° t, B HEHOR & A 1.33%10° t, LLFRF Y HERCR
FEFF AR Betc HERICN F2 0t T AR 245 5 R 5k 4 B 2K 4%
Z  RWFIE S BURE AF A5 b IR AR NE LA Ha
HEATArHT o B3R 5 0T LU H R T 38 e i HE i it 2 44
5 E TS, 2000 4F £ 1.85x10° 4 411 5] 2020 4E
5.57x10° t, (HIG KR FAEFEL . 2014 IR Gl 3% 14
W HEOR R B B K, AR A ML A 30 1 7= A 1
Bk HE B 7E 2000—2014 4F 5L B % 4 18 K Y
20144 DU BT R # . gk 5 iR, 2000—2020
AEFRFE ML AR HE R A 1.33X10° 3G N3] 2.43x10° ¢, 4
- RN 3.23% ., FEFIAE Y o R AT B8 e i HE L
m R K AR KR Ny 8.46% . ARIE 3 ARV HL
B 3l L BB HE A 2000 4 ) 2.26%10°,3.00%
10%,8.00x10%,1.90x10° t, #4 Ji11 £1] 2020 4 1 2.34%10°
4.00%10%, 1.70x10°,2.56x 10° t, 4F ¥4 14 K 245 51 Ny
0.46% .1.52% \4.19% .1.52%.,

S AT LA 78 A 76 B 50 Hh A Ml 45l D
A I3 R R S R R R AT BE PR HE L, Ry 8.46% , FL
URIE TR PR IR 2 7= A R HE R, M 4.91% . X F
AN 58 BRI | Ve BRI 78 03 AR EA T 40 B, AT LR
P2 AR AF 3G A A v, L R R R A R
W B IREC 55, KR BB A BRI AR R 5
PRSP
3.3 FRMERHEAGE B B B X0

HAE BUAT IS , BERRAR M i HE S 5 A bR
b A 7 R B EEAELAE Ay T G DB b DX ) ARl ke HE
SR . X 2000—2020 AF ] P S JER HL X 20 4~ BT A
My B HE R BE R4 723 (8] A ARG AT, AR AR AR HE ik
i B 4 Ji) Moran ' s TH6 50, 25 R unL 6 rn . MK 6
A LU TV A JBR b DX b sk HE 558 B AE 2000 4

®o MBAEMMXE/EZEY
Table 6 Global Moran's I of Hexi region

a0y Year 222358 Moran’s I P{H P-value 78 Z-value
2000 0.20 0.10 1.40
2005 0.23 0.09 1.52
2010 0.46 0.02 2.76
2015 0.26 0.03 2.13
2020 0.62 0 3.44
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Figure 2 LISA aggregation distribution map of counties in Hexi region
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Figure 3 Elliptical standard deviation of net agricultural carbon emissions in Hexi region from 2000 to 2020
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Figure 4 Center of gravity shift path of agricultural carbon emission in Hexi region from 2000 to 2020
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Table 7 Grey correlation degree of cross—section of counties in Hexi region

- - A RAE ey e e e FYHREL gy FATIER g
City County Gross agricultural u1rhanizzalti0nlnduStrlal Degre.e OfA LSl planting Ly electricity el
production per capita rate structure mechanization use strength scale structure consumption aquaculture
T BN IX Liangzhou 0.52 0.59 0.55 0.57 0.58 0.60 0.62 0.64 0.81
Wuwel g B Mingin 0.53 0.70 0.63 0.67 0.76 0.82 0.55 0.61 0.71
R B Gulang 0.48 0.73 0.70 0.76 0.74 0.76 0.71 0.68 0.85
KB Tianzhu 0.62 0.96 0.95 0.94 0.82 0.97 0.92 0.86 0.96
R R X Suzhou 0.50 0.58 0.53 0.76 0.66 0.67 0.61 0.81 0.69
Jiuquan 4 px B jinta 0.46 0.59 0.52 0.81 0.60 0.73 0.63 0.73 0.74
JIHE Guazhou 0.52 0.92 0.89 0.94 0.91 0.96 0.87 0.81 0.91
At B Subei 0.68 0.89 0.90 0.95 0.63 0.91 0.92 0.86 0.96
B 5 JE L Aksay 0.39 0.81 0.86 0.86 0.77 0.59 0.79 0.88 0.93
1T Yumen 0.61 0.77 0.63 0.57 0.71 0.72 0.61 0.61 0.78
HUETT Dunhuang 0.57 0.90 0.81 0.79 0.85 0.91 0.67 0.56 0.92
kAT X Ganzhou 0.65 0.60 0.56 0.55 0.67 0.71 0.78 0.63 0.78
Zhangye G B Sunan 0.63 0.89 0.84 0.91 0.82 0.77 0.85 0.88 0.95
F4 R EL Minle 0.40 0.83 0.75 0.71 0.82 0.82 0.81 0.51 0.71
I B Linze 0.60 0.74 0.71 0.69 0.65 0.86 0.73 0.63 0.86
A H Gaotai 0.67 0.73 0.71 0.64 0.65 0.86 0.70 0.69 0.82
111 F}-E Shandan 0.41 0.76 0.75 0.69 0.81 0.80 0.84 0.58 0.82
F BT Jiayuguan 0.44 0.64 0.67 0.64 0.67 0.75 0.61 0.79 0.84
BT 4)IIX Jinchuan 0.59 0.65 0.68 0.66 0.61 0.84 0.70 0.72 0.63
Jinchang 5 & 5y ongchang 0.41 0.69 0.69 0.66 0.51 0.74 0.67 0.57 0.65

KB T 4.14% , AL BB 3] T 2.00% , 78 = T P4 L R
HoAh X 35,
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Figure 5 Timing correlation of influencing factors in Hexi region
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