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Abstract: [ Objective] The spatial-temporal variation of carbon emissions from cultivated land for the urban
belt along the Yellow River in the Ningxia Hui Autonomous Region from 2011 to 2020 was analyzed, and the
ecological efficiency was evaluated in order to provide support for the construction of a low-carbon
agricultural model, the promotion of agricultural carbon emission reduction, and the promotion of high-
quality agricultural development in the region. [ Methods] A model to estimate carbon emission from
cultivated land and ArcGIS calculations were used to analyze the temporal and spatial characteristics of
carbon emissions from cultivated land in the urban belt along the Yellow River in Ningxia. The unexpected
output super-efficiency model (SBM) was used to evaluate the ecological efficiency of cultivated land.

[Results ] @ Total carbon emissions from cultivated land in the urban belt along the Yellow River in Ningxia
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showed an overall downward trend from 2011 to 2020. Chemical fertilizer and agricultural diesel were the
primary sources of carbon emission from cultivated land. @ Carbon emissions from cultivated land in the
urban belt along the Yellow River in Ningxia showed a spatial distribution pattern of high in the north and
south and low in the middle. Pingluo and Zhongning County were the largest cultivated land carbon emission
cities. @ The trend of carbon emission intensity of cultivated land in the urban belt along the Yellow River in
Ningxia was similar to that of cultivated land. @ The ecological efficiency of cultivated land use in the urban
belt along the Yellow River in Ningxia fluctuated in general, and the ecological efficiency of cultivated land in
the Litong area was low. Therefore, it is necessary to adjust the input factors in the agricultural production
process. [ Conclusion ] The spatial and temporal distribution of carbon emissions from arable land in the
urban belt in Ningxia Hui Autonomous Region is uneven, and the eco-efficiency could be unstable. Further
exploration and consolidation of emission reduction measures are needed.

Keywords: urban belt along the Yellow River in Ningxia; carbon emissions of cultivated land; unexpected output

super-efficiency model (SBM) ; ecological efficiency
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Table 1 Main carbon emission sources and carbon emission coefficients of cultivated land
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Table 2 Evaluation system of cultivated land eco-efficiency
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Fig.1

Total carbon emissions and proportion of carbon sources of cultivated land in

urban belt along Yellow River in Ningxia from 2011 to 2020
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Table 3 Carbon emissions of cultivated land in urban belt along Yellow River in Ningxia from 2011 to 2020

10" t, Bk CO 1

Gy TEAE A it A 5 ] AAT AN B Fh ait
2011 243.75 15.23 26.79 4.52 4.95 14.32 309.56
2012 253.65 13.13 37.82 4.58 5.25 14.96 329.37
2013 258.46 12.96 28.39 4.49 5.50 14.44 324.24
2014 249.16 12.27 28.41 4.27 5.35 14.41 313.87
2015 246.79 11.49 28.33 4.26 5.45 14.67 310.98
2016 248.96 11.66 28.76 4.26 5.57 15.34 314.56
2017 249.50 11.25 28.65 4.18 5.77 14.19 313.55
2018 232.83 10.52 27.61 3.70 5.63 14.02 294.31
2019 231.54 10.25 26.84 3.66 6.43 13.78 292.51
2020 227.24 10.23 26.32 3.50 6.67 14.15 288.12
2.1.2 AR W B TRWEMMAAT R FP R B R B HE R R,

R e i e el 1 s e U w2 e | = el ]
REERAE (B 2) . tnge 4 FE 2 FrR,.2011—2020 4F
) 7 B9 B A T T B bk HE R R B A KRG IX e 2

5.66X10° t, i WF 57 X B HE R = 1Y 18.3% 7 B
BRHER MR 2, R 4.97 X 10° ¢, & BF 5% X B HE il 2
B 16.08%.
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Fig.2 Spatial variation of total carbon emissions from cultivated land in urban
belt along Yellow River in Ningxia from 2011 to 2020
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Table 4 Carbon Emissions of cultivated land in urban belt along Yellow River in Ningxia from 2011 to 2020 (10" t, I CO,i)

Hb X 2011 & 2012 & 2013 & 2014 & 2015 & 2016 4 2017 & 2018 & 2019 & 2020 4F
Kk x 177 2.56 2.14 2.02 1.17 1.14 1.29 1.30 1.31 1.27
HR X 16.50 16.48 16.59 15.55 17.23 16.25 16.10 15.05 15.01 14.18
TR 42.16 52.55 55.46 56.57 57.73 59.21 60.75 60.10 60.56 60.56
MR X 16.03 11.76 12.14 11.49 10.77 10.34 11.24 8.59 8.20 7.76
SR 5.13 6.23 6.26 5.77 4.52 4.29 4.41 3.43 2.78 2.82
PHE X 11.67 14.54 14.70 15.84 15.40 15.98 16.09 13.39 12.88 12.73
KT 23.31 23.22 25.35 24.31 24.03 23.52 23.61 21.05 20.83 20.72
B 29.93 30.01 29.67 25.38 25.27 25.02 24.79 24.64 23.89 22.52
R 16.23 16.62 17.78 17.01 16.17 16.90 16.34 13.10 12.19 11.86
] 3 X 29.78 39.15 27.39 24.10 23.62 23.95 23.19 21.09 20.85 20.29
FHETT 35.20 36.37 37.61 36.99 35.64 38.37 39.06 37.66 37.54 38.12
kX 35.01 30.30 29.03 28.47 28.94 29.25 26.99 25.33 26.51 25.28
B 46.83 49.59 50.11 50.36 50.50 50.33 49.71 49.60 49.96 50.01
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Table 5 Changes of carbon emission intensity of cultivated land in urban belt along
Yellow River in Ningxia from 2011 to 2020 (t/hm?*. L CO.3)
Ho X 2011 4 2012 4 2013 4 2014 4 2015 4 2016 4 2017 4 2018 4 2019 4 2020 4F
KX 6.48 6.91 6.75 7.82 4.32 3.59 3.45 3.66 3.67 3.44
R IX 8.41 7.03 6.82 6.38 7.05 6.68 6.61 6.77 6.51 6.23
FEa 6.06 7.44 7.74 7.89 7.99 8.05 7.87 7.68 8.08 7.94
MR X 10.84 8.56 10.39 10.27 9.11 8.09 7.74 6.61 6.49 5.40
4 RUX 4.91 6.05 7.12 7.02 5.51 6.56 8.44 6.11 5.53 6.06
THE X 6.64 8.05 8.69 10.01 10.22 10.77 12.58 8.08 9.41 9.25
T B 5.49 5.31 5.66 5.35 5.25 4.97 5.56 4.80 4.79 4.29
= 6.02 5.96 6.57 5.68 5.17 4.86 5.36 5.21 5.29 4.86
RET 5.50 5.66 6.51 6.54 6.73 6.87 5.94 4.93 5.07 4.77
] 3 X 7.52 9.88 7.01 6.61 6.32 4.79 4.90 5.76 5.85 5.74
Hwed o 7.59 7.94 8.03 7.15 6.62 6.39 6.77 6.98 7.00 6.86
WHkX  4.65 3.89 4.00 3.97 3.94 3.78 4.00 3.69 3.90 3.84
LA 6.00 5.44 5.72 5.67 5.63 5.93 7.67 7.19 6.74 6.42
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Fig.3 Spatial variation of carbon emissions per unit planting area in urban belt along Yellow River in Ningxia from 2011 to 2020
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Fig.4 Cultivated land eco-efficiency of urban belt along
Yellow River in Ningxia from 2011 to 2020
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Table 6 Changes of cultivated land eco-efficiency in urban belt along Yellow River in Ningxia from 2011 to 2020

i X 2011 4 20124F 2013 4F 2014 % 2015 4F 2016 4F 2017 4 2018 4 2019 4F 2020 4  ARE
Kk OX  0.45 0.42 0.47 0.46 0.69 0.88 0.69 1.02 0.94 1.06 20%
HA KX 0.50 0.51 0.50 0.55 0.58 0.59 0.64 1.00 0.83 1.05 20%
B A 1.10 0.82 0.79 0.78 0.79 0.73 0.73 0.86 0.73 1.03 20%
MR X 0.41 0.49 0.47 1.06 0.53 0.28 0.52 0.60 0.52 1.08 20%
4 RUIX 1.02 1.04 0.72 1.18 0.87 0.34 1.02 1.02 0.94 1.06 60%
[EP=RES 1.03 1.03 1.03 1.06 1.01 1.01 1.00 1.12 0.85 0.83 80%
KT H 0.77 1.03 1.01 1.01 0.95 1.01 1.01 1.07 0.83 1.02 70%
= 0.74 0.73 0.66 1.05 0.92 0.43 1.02 0.96 0.70 0.82 20%
Rt 0.60 0.61 0.66 1.04 1.01 0.49 0.76 1.06 0.85 1.04 40%
I3 X 0.31 0.29 0.36 0.44 0.47 0.45 0.44 0.50 0.45 0.51 0%
FHETT  0.73 0.75 0.71 0.71 0.76 0.71 0.66 0.78 0.63 0.71 0%
kX 0.31 0.36 0.38 0.38 0.60 0.59 0.67 1.06 0.60 1.05 20%
b 0.62 0.62 0.61 0.63 0.69 0.69 0.63 0.73 0.72 0.76 0%
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Fig.5 Spatial variation of cultivated land eco-efficiency in urban belt along Yellow River in Ningxia from 2011 to 2020
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